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Abstract 

Background: Delays in malaria diagnosis are associated with increased morbidity and mortality. 

Low incidence and non-specificity of malaria symptoms make prompt diagnosis in primary care 

challenging. The aim of this thesis was to explore diagnostic delay, consultation patterns and 

healthcare provision in primary care prior to a malaria diagnosis in the UK.  

Methods: A systematic review quantified the duration of diagnostic delay in non-endemic 

countries. Three studies using prospectively collected UK primary care electronic health records 

(THIN; The Health Improvement Network) examined: 1.Incidence of imported malaria; 2. 

Temporal trends in antimalarial prescribing; 3.Extent of missed opportunities for malaria 

diagnosis in primary care using a self-controlled case-series approach. 

Findings: 69 studies reviewed showed median diagnosis delays of four or more days were 

common and patient delays accounted for a large proportion of diagnostic delay. However, the 

retrospective nature of included studies could have overestimated patient delay. Empirical THIN 

studies in this thesis supported this hypothesis. 1,474 individuals with a first diagnosis of malaria 

were identified in THIN (2005-2016). The incidence of recorded malaria decreased from 3.33 

cases per 100,000 person-years-at-risk in 2005 to 1.36 in 2016. A third  who consulted primary 

care prior to a malaria diagnosis presented with malaria symptoms where a diagnosis was not 

made. The median duration of delay from first presentation with fever to diagnosis was six days 

(IQR 2-17). Absence of fever at first presentation resulted in a median duration to diagnosis of 

nine days (IQR 5-18). Men and those most deprived were more likely to be diagnosed with 

malaria (Female:Male  IRR: 0.72 95%CI: 0.65-0.80. Most-deprived:Least-deprived IRR: 1.86 

95%CI 1.54-2.25) and least likely to receive a prescription for malaria prophylaxis. 

Conclusions: Findings highlight the extent of potential opportunities where an earlier diagnosis 

of malaria could be made in primary care. This has informed recommendations for clinical 

practice, public health policy and directions for future research.  



4 

Impact Statement 

Malaria is a mosquito-borne illness that can result in serious and potentially life-threatening 
consequences in affected individuals. It is a wholly preventable and treatable condition, 
however, uptake of preventative measures is poor, and the non-specific symptoms of malaria 
make prompt diagnosis and treatment challenging. 

Work from my PhD provided insight into the current state of delays to diagnosis and treatment 
of malaria in non-endemic countries. When reviewing the literature, I had identified a high 
frequency of studies reporting clinically significant delays to diagnosis, highlighting the need for 
future interventions that reduce delay. This finding was disseminated to travel medicine 
specialists at a symposium on “Enabling Travellers – The Hidden Challenges” at the Royal College 
of Physicians and Surgeons of Glasgow, and to clinicians and academics at the Conference of the 
International Society of Travel Medicine in Barcelona. The review has also been published in 
Travel Medicine and Infectious Diseases and has already had an impact on malaria related 
research with 4 citations over 12 months. Additionally, insight from this PhD on the current state 
of delays can provide a benchmark against which future interventions to reduce delays can be 
measured against. 

Furthermore, my use of primary care electronic health records to identify individuals diagnosed 
with malaria in the UK demonstrated that this data source has the potential to identify 
individuals not captured through traditional surveillance.  Given that malaria is known to be 
underreported in the UK, the algorithm I developed to identify individuals with malaria can be 
incorporated into existing primary care patient management software to increase notification 
of cases and thus improve timeliness and completeness of surveillance data.  Improved 
surveillance can help with resource allocation and delivery of malaria prevention and treatment 
services by identifying groups who are at higher risk of contracting malaria. These findings and 
suggestions have been published in PLoS one (635 views over 5 months). 

Work from this PhD also identified that medical delays in diagnoses occur frequently in primary 
care. This provides evidence to support the need for further training of GPs on recognising 
symptoms of malaria, and the need for further research on interventions that can detect malaria 
in the absence of clinical suspicion. The earlier diagnosis can decrease the risk of severe disease 
and mortality. In addition to the health benefits for the individual, the reduction in morbidity 
could result in cost savings for the NHS. 

Finally, my research also suggested the degree of effect that legislation may have had on pre-
travel health services in the UK. The Human Medicines Regulations introduced in August 2012 
resulted in a considerable decrease in the number of pre-travel consultations in primary care. 
Although the decrease likely represents a shift in where travellers opt to access pre-travel health 
services, the lack of data from other settings make it difficult to establish whether this was the 
cases. This finding highlights the need for further assessment of the impact that the legislations 
had.  
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PCR Polymerase chain reactions 

PD Patient delay 

PHE Public Health England 

PR Prescription rate 

PYAR Person Years at Risk 

RCGP RSC Royal College of General Practitioners Research and Surveillance Centre 

RDT Rapid diagnostic test 

SBEM/SBET Standby Emergency Medication / Standby Emergency Treatment 

THIN The Health Improvement Network 

TOS Time to onset of symptoms 

URTI Upper respiratory tract infection 

VFR Individuals who visit friends and relatives during travel 
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Chapter 1. Malaria: An imported tropical disease in the UK 

1.1 Chapter overview 

In this chapter, I will provide an overview of malaria including a summary on prevention, 

diagnosis and treatment. I will highlight the challenges to the prompt diagnosis and treatment 

of malaria in the UK and will describe the specific aims and objectives for the thesis. 

1.2 What is Malaria? 

Malaria is a mosquito borne illness which can result in serious and potentially life threatening 

consequences in affected individuals.  Globally, it affects around 214 million people every year 

and is responsible for an estimated 438,000 deaths (1). It is caused by the Plasmodium 

protozoan parasite and is spread by the female anopheles mosquito. There are five main 

Plasmodium species which result in illnesses in humans:  P. Falciparum, P. vivax, P. ovale, P. 

malariae and P. knowlesi. 

In terms of geographic distribution, P. falciparum is the predominant form of malaria found in 

sub-Saharan Africa and New Guinea while P. vivax is more common outside Africa and is the 

most widely distributed(2).  P. vivax has high levels of endemicity in South America, the Indian 

Subcontinent, South East Asia and the Pacific Islands. P. malariae and P. ovale are both 

uncommon and are mainly found in sub-Saharan Africa and the Southwest Pacific (P. malariae), 

and, sub-Saharan Africa, New Guinea, Eastern Indonesia and the Philippines (P. ovale) (3). 

Transmission of malaria is mostly limited to areas where the anopheles mosquito is present and 

endemic areas are responsible for most of the global malaria burden (1), however, due to 

increasing global travel, imported malaria cases remain common in non-endemic areas as well 

(4). 

1.3 Malaria in the United Kingdom 

Malaria is non-endemic in the UK and is the most commonly imported tropical illness (5). It has 

the second highest number of imported malaria cases in Europe after France(6). Data from the 

Malaria Reference Laboratory (MRL) from 2005 to 2017 shows that there were on average 1,586 

cases of malaria imported to the UK every year (range 1370 - 1792), with an average of six 

malaria related deaths (range 2 – 11) reported annually(7). Despite a decreasing trend in the 

overall global number of cases of malaria over time(1), the number of malaria cases imported 

to the UK has remained the same over the last 10 years(8). Given that travel is the main 

determinant for acquiring malaria in the UK, increased travel to malaria endemic countries could 

explain the sustained number of malaria cases imported into the UK(9).  
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With regards to the type of malaria, P. falciparum is the most common species of malaria 

imported to the UK and accounted for 74% of all the cases in 2014. This was followed by P.vivax, 

P ovale, and P. Malariae accounting for 14%, 8% and 3% of the cases respectively. There were 

no cases of P. knowlesi and around 1% of the laboratory confirmed cases had a mixed infection 

with more than one malaria species detected(8). 

In terms of region of acquisition, West Africa has historically and still remains to be the region 

where most of the cases of malaria are imported from (70% of cases imported to the UK in 2018) 

(10). Historical and cultural links with the region could explain this as the three countries where 

most of the cases were imported from are all former British colonies. In 2018: 39%, 11% and 

10% of all cases had travelled to Nigeria, Sierra Leonne and Ghana, respectively before being 

diagnosed with malaria in the UK. A similar pattern is seen in France with the former French 

colonies of Cote D’Ivoire, Cameroon, Mali, and the Comoros Islands representing the countries 

where 24%, 13%, 10% and 9% of the cases in France were imported from (11). 

Regarding the reason for travel, those who visit friends and relatives in an endemic country (VFR) 

were the most likely group to present with malaria in the UK and represented 69% of the cases 

diagnosed with malaria in 2018 where information on travel were available (12). This was 

followed by individuals who had recently migrated to the UK from an endemic country (8%); UK 

residents who returned from travel to an endemic country for business (7%); foreign visitors 

who had become ill while on a short trip to the UK (7%); UK residents who returned from travel 

to an endemic country for holiday (5%) and other reasons for travel to an endemic country (4%) 

(12). This is similar to the reason for travel in imported cases to other European countries with 

VFRs and recent immigrants accounting for a large proportion of the imported cases (Proportion 

of imported malaria cases in countries within the European Union ranged between 30% and 82% 

for VFR travellers and between 5% and 35% for recent immigrants) (13). 

1.4 Human migration and malaria in the UK 

Given that malaria is imported to the UK from malaria endemic countries, historical patterns of 

migration could explain the trends in malaria epidemiology in the UK. These trends are 

influenced by changes in the number of people arriving from a malaria endemic country; 

changes in the transmission intensity of the endemic country where the individuals arrive from; 

and the uptake and adherence to malaria prevention measures in those who travel to an 

endemic country and return to the UK (4). 

Large migratory movements from former commonwealth countries, mainly Caribbean and 

South Asian countries, which peaked in the 1970’s, could explain the exponential rise in the 

number of cases imported into the UK between 1965 and 1975 (14, 15). This large increase in 
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migration was facilitated by both, the ‘British Nationality act of 1948’, which conferred UK 

citizenship to all who lived in the former British Empire (e.g. India and Pakistan) and the British 

post war labour shortage (14). The pattern of migration from South Asia during this period was 

also reflected in the type of malaria imported to the UK, with P. vivax being the most commonly 

imported species until 1988, when imported P falciparum became more common (15). The 

decline in the number of cases of P. vivax since the 1980’s has been attributable to both, 

decreased transmission intensity in South Asia, and the introduction of immigration legislation 

restricting migration from South Asia (14, 16). The increase in the number of cases of P. 

falciparum between 1988 and 2000 has been attributable to increased migration to the UK from 

West Africa and an increase in the number of VFR travellers to West Africa (17). The increase is 

compounded by the rise of chloroquine resistance in West Africa during that period and the 

poor uptake of malaria prevention measures amongst VFR travellers (17). 

1.5 Recognition of malaria: incubation, clinical features and approaches to 
diagnosis 

1.5.1 Incubation Period 

In imported cases, the period of time until symptoms occur after return from travel relates to 

the incubation period for malaria. This asymptomatic period, in relation to the plasmodium 

lifecycle in the human host, is the duration between first being bitten by an infected anopheles 

mosquito and release of merozoites into the circulation. This is when the symptoms first 

commence. The plasmodium lifecycle within the human host is summarised in Figure 1-1. 

This incubation period varies by species but in most cases lasts between 12 to 35 days after 

being bitten. For P. falciparum it can be as short as 7 days and rarely exceeds 30 days. For P. 

vivax (18) and P. ovale (19) symptoms usually arise 2 weeks after infection however this can be 

prolonged since in these species the parasite (hypnozoite) can lay dormant in the human liver 

for months or years before proliferating and causing symptoms (20). 
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Figure 1-1 Basic features of the plasmodium life cycle. 

 

(a) An infected female anopheles mosquito injects the parasite into the human host in sporozoite form. (b) 
Sporozoites travel in the blood to the liver where they proliferate. In P. ovale and P. vivax specifically, this can be 
delayed since the parasites lay dormant in the liver in a hypnozoite form prior to proliferation (20). (c) After 
proliferation, the parasite is released in merozoite form into the blood stream and is when the symptoms 
commence. These then progress to form gametocytes which are then transmitted back to the mosquito after a 
blood meal and the infection cycle continues. Reprinted by permission from Macmillan Publishers Ltd: [Nature] 
(Michalakis, Y. and Renaud, F., 2009. Malaria: Evolution in vector control. Nature, 462(7271), pp.298-300.), 
copyright (2009) 

1.5.2 Clinical features and presentation 

The clinical manifestations of malaria depend on a number of factors including the species of 

plasmodium, the age of the individual, genetic factors, the host’s immunity and prior exposure 

to chemoprophylaxis.  

Most malaria related deaths (90%) are related to P. falciparum and it carries the greatest risk for 

severe disease (21). P. vivax carries a lower risk of fatal outcome compared to P. Falciparum, 

however, it can still cause severe disease and death(22). P. ovale and P. malariae usually result 

in a milder form of illness compared to P. vivax and P. falciparum (3). 

In non-endemic countries, adults aged 60 years and older are more likely to develop severe 

disease compared to children and younger adults (23). In contrast, the repeated exposure of 

individuals to the parasite in endemic countries can result in naturally acquired immunity which 

decreases the risk of developing severe disease in those aged more than 4 years (24); however, 

this immunity decreases while living in non-endemic areas (25). Additionally, certain inherited 

haemaglobinopathies , including sickle cell and thalassemia, which are more common in malaria 

endemic countries are also protective against severe disease (26, 27). 
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Many sympotms of malaria are non-specific. Fever is the most common symptom patients with 

malaria present with; however, absence of fever does not exclude the possibility of having 

malaria (28). Other symptoms which patients commonly present with include headaches, 

fatigue, myalgia, arthralgia, diarrhoea and vomiting (29). Additionally, in severe disease, patients 

can also present with impaired consciousness and jaundice (30). 

Furthermore, without prompt diagnosis and treatment, severe malaria can result in life 

threatening complications which can include cerebral malaria (encephalopathy), 

hypoglycaemia, acidosis, renal impairment, pulmonary oedema, liver dysfunction and anaemia 

(31). 

1.5.3 Diagnosis of malaria 

Once malaria is suspected, parasite based diagnostic tools can be used to confirm the diagnosis. 

Microscopy remains the standard tool used in the diagnosis of malaria in the UK (32, 33). Two 

types of blood smears are used in microscopy; namely, thick and thin smears. Thick smears are 

used to screen for the presence of malaria and estimate parasite density, which is correlated 

with disease severity (34). Thin smears are subsequently reviewed to identify the parasite 

species. In patients with low parasite density, initial films might be negative for malaria, 

therefore, if malaria is still suspected, it is recommended that microscopy be repeated twice 

more at 24 hour intervals (35). Drawbacks for microscopy are that it is labour intensive and its 

specificity can vary depending on the experience of the microbiologist (36, 37). 

Other diagnostic tests for malaria are antigen detection based rapid diagnostic tests (RDTs). The 

advantages are that they can be used as point of care testing and do not require an expert 

microbiologist to perform them. Disadvantages, compared to microscopy, are that they cannot 

estimate parasite density. Additionally different antigen tests are available for the different 

species of Plasmodium. This might lead to a false negative result in a patient with P. vivax who 

had been tested with a RDT looking for P. falciparum antigens (38). In England, all positive RDTs 

need to be followed up with microscopy and notified to the Malaria Reference Laboratory at 

Public Health England (PHE) (33, 37). 

Molecular tests such as polymerase chain reaction (PCR) are highly sensitive at detecting 

parasites even at low densities and can distinguish between plasmodium species (39), however 

they are not routinely used since testing is expensive and requires advanced infrastructure, thus 

limiting its use to specific settings (40). In the UK, PCR is mainly used to differentiate P. malariae 

from P. knowlesi since they are difficult to differentiate by microscopy (41). 
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1.6 Treatment of malaria 

Treatment choices for malaria depend on age, severity of disease, plasmodium species and 

antimalarial resistance. For uncomplicated P. falciparum, UK guidelines recommend artemisinin 

combinations as a first line therapy with artemether-lumefentine (AL) being the preferred 

combination with quinine based therapy used when artemesinin based therapy is unavailable 

(42). Although both are highly effective, AL is preferred since quinine is associated with poorer 

compliance due to associated side effects(43). 

For non-falciparum malaria, either AL or chloroquine is recommended as first line treatment for 

uncomplicated cases(42), however, choloroquine should be avoided if transmission occurred in 

areas of known chloroquine resistant P. vivax (44). Additionally, for P. vivax and P. ovale, 

primaquine is used to prevent relapse due to reactivation of the hypnozoites in the liver (42). 

For severe cases guidelines recommend admitting patients to an intensive care unit for 

supportive management and treatment with parenteral artesunate or quinine (42). 

1.7 Prevention of malaria in the UK: approaches and challenges 

The PHE advisory committee on malaria prevention recommend the “ABCD approach” in 

relation to advising travellers on prevention strategies for malaria. This involves increasing the 

Awareness of travellers regarding the risk related to contracting malaria, educating the traveller 

with regards to Bite avoidance strategies, informing the traveller about options for 

Chemoprophylaxis and reminding the traveller to seek Diagnosis and treatment promptly if 

malaria symptoms arise after travel (33). This usually takes place in a primary care or specialist 

travel health setting prior to travel, however those who are at highest risk of contracting malaria 

are least likely to attend these services prior to travel (45). 

In one retrospective analysis in the UK of 20,488 malaria cases where reason for travel was 

known, it was found that the majority (65%) of cases of malaria imported to the UK occurred in 

those who were visiting friends and relatives (16). They were also the least likely group to take 

chemoprophylaxis (9). This low uptake of chemoprophylaxis is influenced by perceptions of 

continued immunity to malaria, previous malaria experience and beliefs about the likely severity 

of malaria infection(46); however, even though there is acquired immunity in those who have 

lived in malaria endemic  areas, this immunity decreases while living in non-endemic areas(47-

49). Additional VFR-specific barriers to uptake of pre-travel advice and chemoprophylaxis 

included them having competing priorities for their time and financial resources (50). The 

potential for last minute travel for a family-illnesss or death make it difficult for VFRs to find time 

for pre-travel preparations in these scenarios. Furthermore, a focus group of VFRs travelling to 

West Africa from the USA found that individuals frequently prioritised purchasing gifts for 
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friends and family, paying for plane tickets and other travel costs over paying for 

chemoprophylaxis (50). The patient and system level barriers which could result in low uptake 

of pre-travel advice and chemoprophylaxis use is summarised in Table 1-1. 

Table 1-1 Patient and system level barriers to uptake of pre-travel health advice aand malaria chemoprophylaxis 
amongst VFR travellers. 

Patient level 
barriers 

Perceptions of continued immunity to malaria (17) 

 Perceptions of malaria being a mild illness (17) 

 Competing priorities for budgeting their financial resources (50) 

 Distrust of doctors who had no experience of living in a malaria 
endemic country (51, 52) 

 Concerns about the side effects of the chemoprophylaxis drugs (17) 

 Preference to purchase chemoprophylaxis cheaply in visiting country 
(50) 

 Lack of a defined travel itinerary and increased likelihood of extending 
the duration of a trip, resulting in insufficient chemoprophylaxis supply 
(50) 
 

 Increased likelihood of making last minute trip with insufficient time to 
attend for pre-travel advice (52) 

 Preference to treat malaria if it occurs over purchasing 
chemoprophylaxis (50)  

System level 
barriers 

High cost of purchasing malaria chemoprophylaxis medication (17) 

 Lack of appointments for pre-travel advice at short notice (17) 

 

In terms of chemoprophylaxis options, the main medications prescribed are chloroquine-

proguanil, atovaquone-proguanil, mefloquine and doxycycline. However extensive chloroquine 

resistance to P. falciparum in most regions of the world has meant that chloroquine-proguanil 

ceased to be recommended to travellers in 2001 (53), with the exception of travellers to Haiti 

and Yemen where P. falciparum remains chloroquine sensitive (54). In addition to drug 

resistance, choice of medication is also influenced by other factors including cost, tolerability, 

adherence, traveller comorbidities and drug interactions (55). These are summarised in Table 1-

2. 
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In addition to chemoprophylaxis, in individuals travelling to remote areas where they would not 

be able to access treatment within 24 hours, the PHE advisory committee on malaria prevention 

recommend prescribing medication to treat malaria prior to travel, to be taken if symptoms arise 

while abroad. However the recommendations still advise seeking healthcare as soon as possible 

to confirm the diagnosis even if the standby emergency medication (SBEM) was taken (54).  
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Table 1-2 Considerations when selecting an appropriate regimen for malaria prophylaxis (49) 

Considerations for prescribing/using the 
medication 

Considerations against prescribing/using 
the medication 

Doxycycline 

 Suitable for last minute travellers. Can 
be commenced 1 or 2 days before 
departure to malarious area. 

 Low cost tablets: 
 Cost to NHS (Basic price): £6.08 for 

48 capsules (56)  
 Cost to traveller: £28.60 for 2 week 

trip (57) 

 Contraindicated in pregnancy – 
teratogenic if used after the first 
trimester (58) 

 Contraindicated in children less than 12 
years old in the UK (54) 

 Missed doses have significant impact on 
prophylaxis efficacy (59) 

 Daily dosing needs to be continued for 4 
weeks after leaving malarious area (54). 

 Can interect with warfarin (54) 
 Adverse reactions include 

gastrointestinal upset, photosensitivity 
to light and increased risk of candida 
vaginalis (60) 

Mefloquine 

 Dosing is once weekly 
 Safe in all trimesters of pregnancy (61) 
 Safe for use in children (weight > 5kg) 

and once weekly dosing makes 
administration easier, therefore 
increasing compliance. 

 Relatively inexpensive: 
 Cost to NHS (Basic price): £14.53 for 

8 tablets (56) 
 Cost to traveller: £38.52 for 2 week 

trip (57) 
 Better compliance compared to 

doxycycline (62) 

 Not effective in areas where there is 
mefloquine resistance, e.g. some areas 
of South East Asia (54) 

 Needs to be initiated two and a half 
weeks prior to travel 

 Needs to be continued for four weeks 
after return from travel 

 Contraindicated in patients with a 
history of a neuropsychiatric disorder  

 Can interact with live typhoid vaccine –
should be commenced a minimum of  3 
days after the vaccine to ensure vaccine 
efficacy (63) 

 Administering correct dose in children is 
difficult as no suspension is available. 

Atovaquane - Proguanil 

 Suitable for last minute travellers. Can 
be commenced 1 or 2 days before 
departure to malarious area (54). 

 Safe for use in children (weight > 5kg) 
(54) 

 Improved compliance compared to 
doxycycline (64) 

 Very well tolerated compared to other 
chemoprophylactic agents (65) 

 Can be used in areas where there is 
mefloquine and chloroquine resistance 
(54) 

 Can be obtained over the counter (OTC) 
without a prescription under the brand 
name Maloff Protect (66). 

 Contraindicated in pregnancy – limited 
evidence on safety 

 Expensive: 
 Cost to NHS (Basic price): £25.21 for 

12 capsules (56)  
 Cost to traveller: £43.70 for 2 week 

trip (57) 
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1.8 Role of primary care in the prevention and management of malaria in the UK 

In the UK, the vast majority of the population are registered with a National Health Service (NHS) 

general practitioner (GP) of their choice who provides all primary medical care for that individual 

(67). GPs generally act as gatekeepers to further specialist services, both of which are free at the 

point of delivery. However, in England, capped prescription charges (£9 in 2019) apply for 

medications prescribed through the NHS. There are no prescription charges in the NHS in Wales, 

Scotland and Northern Ireland (68). In 1995, the Department of Health issued guidance stating 

that malaria prevention medication should not be prescribed on an NHS prescription. This has 

resulted in travellers needing to pay the full price of the medication when it is prescribed, even 

those elegible for free prescriptions (69).  

In the UK, general practice has provided the bulk of pre-travel healthcare with many practices 

offering dedicated nurse-led travel clinics or appointments (70). Other settings where travellers 

can seek pre-travel health care include private travel clinics, community pharmacies with 

specialist travel health services, occupational health departments and hospital based specialist 

NHS travel clinics (e.g. Hospital for Tropical Diseases (HTD) in London) (70). However, access to 

the specialist travel clinic at the HTD is restricted to those with a referral from their GP, or those 

who require special considerations prior to travel (e.g. pregnant women, travellers with 

significant comorbidities and long term travellers) (71). 

There is limited evidence on people’s choice of setting to attend for pre-travel health advice. 

However, an airport survey conducted in 2003 of 609 travellers to malaria endemic countries 

from France, Germany and the UK found that 60% of the respondents had sought pre-travel 

healthcare and that 72% of those had consulted their GP for that advice (72). However, policy 

related changes since then (e.g. Human Medicines Regulations 2012) could have resulted in 

travellers opting for other settings for pre-travel health advice and will be discussed further in 

Chapter 5. 

The short trip duration (average duration of visit to a country outside of Europe and North 

America from the UK in 2017 was 20 days (73)) and the incubation period after contracting 

malaria means that travellers frequently only start to develop symptoms after returning from 

travel. In terms of settings, the role of the GP as gatekeeper could result in travellers seeking 

healthcare from their GP when they become unwell after returning from travel. Factors such as 

GP opening hours, waiting times for routine appointments and increased severity of malaria 

symptoms could also result in individuals attending Accident and Emergency departments (A/E) 

directly. A retrospective review of 211 children diagnosed with malaria in London found that 
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54% had consulted their GP prior to admission to hospital, highlighting the importance of 

primary care in the initial recognition and management of malaria (74). 

The pathway of care for a traveller from the UK who contracts malaria while abroad is illustrated 

in Figure 1-2. 

Recent immigrants to the UK (8% of malaria cases in 2018) face additional barriers to care 

related to the structure of the UK healthcare system (12). The need for registering with a general 

practitioner limits their access to primary care services, while the introduction of charges for 

attending A/E through the ‘NHS visitor and migrant cost recovery programme’ in 2015 is a 

barrier for access to secondary care (75). This compounds on the patient-level barriers to seeking 

healthcare facing migrants and could result in delays to diagnosis and treatment of malaria in 

this group (76). A summary of the patient and system level barriers to accessing healthcare 

facing migrants is summarised in Table 1-3. 

 

Table 1-3 Patient and system level barrier to accessing healthcare amongst recent migrants who decelop malaria 
symptoms in the UK. 

Patient level barriers Low perception of risk of severe disease as a result of 
illness (76) 

 Anxiety about breaches in confidentiality (e.g. fear of 
data sharing for immigration enforcement) (76) 

 Discrimination and fear of racism and health tourism 
stigma (76) 

 Lack of knowledge of where to access care (77) 

 Difficulty in communication / lack of language support 
(76) 

System level barriers Need to register with a GP to access primary care 
services (78) 

 Introduction of charges for  attending A/E through the 
‘NHS visitor and migrant cost recovery programme’ in 
2015 (75) 
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Figure 1-2 The pathway of care for a traveller from the UK who contracts malaria when travelling to a malaria endemic country. 

 

NHS: National Health Service. OTC: Over the counter. SBEM: Standby emergency medicine
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1.9 Challenges to the prompt diagnosis and treatment of malaria in primary care 
in the UK 

In primary care, the prompt diagnosis and treatment of malaria is challenging and cases are 

easily missed (79). This is because the symptoms of malaria can be non-specific and may be 

mistaken for other more common viral illnesses such as influenza, unless a travel history is 

elicited. Long appointment waiting times, lack of disclosure about recent travel and lack of 

information on where malaria treatment should be provided have been suggested as additional 

barriers to prompt diagnosis and treatment of malaria in primary care (80). 

Moreover, the small numbers of cases seen in the UK make the diagnosis of malaria less likely 

to be considered. In one retrospective review of P. falciparum cases in a hospital in Sheffield, it 

was found that out of the 39 cases included in the study, eight had presented to their GP with 

malaria related symptoms without a referral to hospital for further care or a diagnostic test 

being performed. This indicates that a diagnosis of malaria was either; not considered, or 

considered unlikely (81). In another retrospective review of 211 children who were diagnosed 

with malaria in two London hospitals, it was found that out of the 114 cases who had presented 

to their GP, malaria was considered in only 32% on their first visit(74). 

Additionally, the long latency period and relapsing nature in P. vivax and P. ovale malaria due to 

an asymptomatic dormant liver stage makes considering the diagnosis of malaria difficult even 

though a travel history is obtained. 

 

1.10 Overall plan for the PhD 

Existing research exploring the provision of care prior to a diagnosis of malaria is usually based 

on data collected retrospectively at the time of diagnosis. An alternative method of exploring 

this would be to use data recorded in primary care electronic databases. The advantages of the 

use of electronic health records in clinical research are well documented and will be described 

in further detail in Chapter 3. The large size of the databases makes them ideal for investigating 

conditions with relatively low incidence, such as imported malaria in the UK. Furthermore, the 

geographical spread of the practices contributing data to the database can show regional 

variations in the diagnosis and management of malaria in the UK. Additionally, the continuous 

update of healthcare data can allow longitudinal analysis of the data prior to a diagnosis of 

malaria. 

 



30 

This thesis aims to explore patterns of consultation and healthcare provision in primary care 

prior to a diagnosis of malaria, using prospectively collected electronic health records, with a 

view to describing the extent of avoidable delay and identifying potential solutions. This will be 

done through a series of four studies. The first study consists of a systematic review describing 

the current time delays in the diagnosis and treatment of malaria in non-endemic countries. The 

remaining three studies will use data from The Health Improvement Network (THIN), a primary 

care electronic health records database to:  

1. Investigate the incidence of imported malaria in the UK and compare this with national 

surveillance data from Public Health England. 

2. Describe changes in antimalarial prescribing in UK primary care over time. 

3. Assess the extent of possible missed opportunities for the diagnosis of malaria in 

primary care using a self-controlled case series, and, describe the main symptoms that 

patients with malaria present with to their GP. 

1.11 Outline of the Thesis 

An outline of the subsequent chapters included in this thesis are summarised below: 

Chapter 2: This chapter describes a systematic review undertaken to quantify the duration of 

delay in the diagnosis and treatment of malaria in non-endemic countries. The review reports 

on delays which occur prior to seeking healthcare, after seeking healthcare and overall delays 

from symptom onset to diagnosis or treatment. 

Chapter 3: This chapter provides an overview on the use of electronic health records in research. 

It also describes the data source used in Chapters 4 - 6, The Health Improvement Network (THIN) 

primary care electronic heath record database, and compares it to other primary care databases 

in the UK. 

Chapter 4: This chapter describes a cohort study, using the THIN database, which estimates the 

incidence of imported malaria in the UK between 2005 and 2016, explores differences in the 

socio-demographic profile of those with a recording of malaria, and compares the characteristics 

of cases identified in THIN to those identified through passive surveillance. 

Chapter 5: This chapter describes a cohort study, using the THIN database, which examines 

longitudinal trends in malaria chemoprophylaxis prescribing in primary care and explores 

differences in prescribing rates by socio-demographic factors. 

Chapter 6: This chapter provides an overview on the self-controlled case series approach and 

describes a study which uses this approach to identify potential missed opportunities to 
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diagnose malaria in primary care. Additionally, in the cases identified, the study examines the 

duration of delay between having a malaria related recording and a diagnosis of malaria. 

Chapter 7: In this chapter, the key findings from the systematic review and the three studies 

using the THIN database are summarised, with a discussion on the implications of the findings 

on clinical and public health practice and policy, and directions for future research. 
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Chapter 2. Time delays in the diagnosis and treatment of malaria 
in non-endemic countries: a systematic review 

2.1 Chapter overview 

In this chapter, I describe a systematic review of the literature to quantify the duration of delay 

in the diagnosis and treatment of malaria in non-endemic countries. Findings of this review in 

relation to healthcare delays to diagnosis and treatment were used to help inform the design of 

the self-controlled cases series study described in Chapter 6. This chapter formed the basis of a 

published manuscript which is included in Appendix F-1 (82). 

2.2 Study rationale 

Both patient factors and medical factors can result in time delays to diagnosis and treatment of 

malaria and identifying where the greatest delays occur may provide a benchmark against which 

interventions to reduce delays can be measured. This review focuses on malaria in non-endemic 

countries since the challenges for diagnosis and management of malaria differ to that of 

endemic countries (79). For example, in non-endemic countries the majority of patients with 

malaria are either non-immune or were previously immune and have lost their immunity (48). 

This lack of immunity can result in a more severe form of illness compared to those living in 

endemic areas and have developed immunity(48). Furthermore, travellers from non-endemic 

countries are more likely to take chemoprophylaxis which can make testing for malaria more 

challenging upon return from travel, due to reduced parasite density and altered parasite 

morphology(83). Also, the low number of cases and the non-specific symptoms associated with 

the illness further add to the challenge of diagnosing malaria in a non-endemic country(79).  

2.3 Aim and objectives 

2.3.1 Aim 

To estimate the time delays in the diagnosis and treatment of malaria in non-endemic countries 

2.3.2 Objectives 

The specific objectives of this systematic review are as follows (a definition for each of the delays 

is described in Section 2.4.3.6): 

 To describe the time it takes to develop symptoms after returning from travel in those 

who have contracted malaria. 

 To describe the overall diagnostic delay in patients who had contracted malaria. 

 To describe the delay in seeking healthcare in patients who had contracted malaria.  

 To describe the medical diagnostic delay in patients who had contracted malaria. 
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 To describe the overall delay in receiving treatment in patients who had contracted 

malaria.  

 To describe the medical treatment delay in patients who had contracted malaria. 

2.4 Methods 

2.4.1 Search strategy 

The overall search strategy was done in three stages. The first stage involved searching for 

published academic papers in electronic databases. The second stage involved searching for 

unpublished work in grey literature databases. Finally, the third stage involved searching for 

nationally reported malaria surveillance data from non-endemic countries. The full systematic 

review protocol has been registered and published on PROSPERO (Record number: 

CRD42016045259). The Preferred Reporting Items for Systematic reviews and Meta-Analyses 

(PRISMA) guidelines were followed and a checklist describing where each item is reported in this 

thesis is included in Appendix A-7. (84) 

2.4.1.1 Electronic database search 

The databases used for the electronic database search were: PubMed, Web of Science, EMBASE 

and LILACS.  PubMed was used as a platform to search for articles indexed in Medline, since in 

addition to articles indexed in Medline, the PubMed search also included articles awaiting 

publication, as well as articles from journals not in Medline(85). 

The search terms used to identify relevant articles were developed based on a modified version 

of the PICO (Participant/ Intervention/ Comparison/ Outcome) search strategy(86). The 

“Comparison” component of this search strategy was not relevant given the descriptive nature 

of the review; however, since my review focuses on the diagnosis and treatment of malaria in 

the non-endemic setting, a component with search terms related to this setting were added 

instead. The full search strategy used for the electronic database search is described in (Table 2-

1) and includes terms related to the following concepts: 

 Participants: Patients who had contracted malaria 

 Intervention: Diagnosis or treatment of malaria 

 Setting: Countries which are non-endemic for malaria 

 Outcome: Delay in diagnosis or treatment 

For LILACS, the reduced number of articles indexed in it compared to the other electronic 

databases meant that searching for all the 4 components described above yielded no results. 

Therefore, to broaden the search, the terms “imported” and “malaria” was used for the LILACS 

database search. 
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Table 2-1 Search terms used in the electronic database search for PubMed, Web of Science and EMBASE. 

Population:  
Patients diagnosed 
with malaria 

Malaria OR falciparum OR vivax OR plasmodium 

AND 

Intervention: 
Diagnosis or 
treatment 

diagnosis OR diagnostic OR evaluation OR therapy OR treatment 
OR care OR symptom*  

AND 

Setting: 
Non-endemic imported OR travel* OR non-endemic OR return* 

AND 

Outcome: 
Delay 

delay* OR missed OR day OR days OR duration OR time* OR 
onset OR age 

 

2.4.1.2 Grey literature database search 

To identify conference proceedings, theses and other unpublished articles and reports with 

potentially relevant data, the following grey literature databases were searched: 

 For conference proceedings, the Web of Science core collection database was searched 

and the search was restricted to identify conference proceedings only. 

 For theses, the DART-Europe E-theses portal, the e-theses online service by the British 

Library (EThOS) and the System for information on Grey Literature in Europe (Open 

Grey) databases were searched. 

 To identify other unpublished health related articles and reports, the Grey Literature 

Report archives (GreyLit) was searched. 

The reduced number of articles indexed in the grey literature databases compared to the 

electronic databases meant that searching for all the 4 components described previously yielded 

no results. Therefore, to broaden the search, the terms “imported” and “malaria” was used for 

the grey literature databases. 

2.4.1.3 National agency reports 

Malaria is a notifiable disease in a number of non-endemic countries and statistics related to 

imported malaria within those countries are usually summarised into annual reports. The 

agencies responsible for reporting data on malaria differ in each of the non-endemic countries 

and can include national laboratories, ministries of health, institutes of public health and various 

other governmental agencies. To search for publicly available reports, firstly, the agency 

responsible for compiling and reporting malaria statistics in each non-endemic country was 
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identified. Secondly, once identified, their website was searched to obtain any publicly available 

datasets, reports or summary statistics on malaria cases. Finally, once the summary statistics for 

the imported malaria cases was obtained, the data reported were reviewed and were included 

if information on time delays in the diagnosis and treatment of malaria were available. A 

summary of the reporting agency for each of the non-endemic countries as well as the type of 

data available is summarised in (Appendix A-1). 

2.4.2 Search limits 

The following search limits were applied to each database: 

 The search was restricted to studies published between the 1st of January 2005 and the 

date the last search was conducted (1st of November 2016). The rationale for this is 

described in Section 2.4.3.5 of this thesis. 

 There were no language restrictions in any of the searches.  

2.4.3 Criteria for selecting studies for the review 

2.4.3.1 Types of studies 

Observational studies including case series, case control and cohort studies which reported on 

time delays were included. For case control studies specifically, studies were only included if all 

malaria patients at the study centre were recruited as cases, and if the time delays were 

reported at baseline. This was done to minimise the effect that selection bias might have had on 

the results of the review. 

2.4.3.2 Types of participants 

Studies with participants of all ages diagnosed with malaria in a non-endemic country were 

included in the review irrespective of whether they focused on a specific ethnicity or traveller 

group (e.g. those who visit friends and relatives overseas or missionary or aid workers). Studies 

were grouped by parasite species (i.e. P. falciparum, P. vivax, P. ovale, P. malariae and mixed 

species) provided that the majority (greater than 70%) of the participants in the study were 

attributable to that species. If the study did not report the parasite species, or if less than 70% 

of the participants were attributable to a specific parasite species then that study was included 

in the review and grouped in the “mixed species” category. 

Additionally, studies which specifically reported on the following patient groups were included 

and analysed separately as specific subgroups: 

 Patients with severe malaria: Studies which report delays in those who have severe 

malaria as per the WHO classification(30), or have been admitted to ICU with malaria, 

or fatal cases of malaria were grouped in this category. 
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 Children: Studies looking at imported malaria in children (aged <=18 years) were 

included in this category. Studies that combined children with adults in the analysis were 

not included in this group. 

2.4.3.3 Number of participants 

Studies were included in the review if they had initially recruited >=20 participants in the study. 

Studies were still included in the review if they had data available on time delays in <20 

participants, provided they had initially recruited >=20 participants in the study. 

 

2.4.3.4 Study setting 

Studies were included if they were conducted in countries which are non-endemic for malaria 

(Presented in green in Figure 2-1). For this review countries were classified as non-endemic if 

they were listed on the WHO official register where malaria elimination has been achieved, or, 

if they were listed as countries where malaria never existed or disappeared without specific 

measures in the WHO supplementary list which was published in 2012(87) (Appendix A-1).  

Figure 2-1 Categorisation of countries by stage of malaria elimination 

 
 (Green: Malaria free, Blue: Eliminating malaria and Red: Controlling malaria) Reprinted from The Lancet, 382, Chris 
Cotter,Hugh JW Sturrock,Michelle S Hsiang,Jenny Liu,Allison A Phillips,Jimee Hwang,Cara Smith Gueye,Nancy 
Fullman,Roly D Gosling,Richard GA Feachem, The changing epidemiology of malaria elimination: new strategies for 
new challenges, P900-11., Copyright (2013), with permission from Elsevier 
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2.4.3.5 Study Period 

In addition to publication date restrictions, studies were also excluded if the study period ends 

before the 1st of January 2000. There were no restrictions on the start date of the study period. 

Date restrictions reflect improvements in the diagnosis and treatment of malaria over time (88). 

Using more recent data is more likely to reflect current delays in the diagnosis and treatment 

for malaria. 

2.4.3.6 Types of outcome measures 

Studies were included if they reported any of the primary or secondary outcomes described 

below (Figure 2-2).  

Primary outcome: 

Diagnostic delay (DD): For this review, diagnostic delay is defined as the time between the onset 

of symptoms and the diagnosis of malaria. 

Secondary outcomes: 

Time to onset of symptoms (TOS): This is defined as the time between returning from a malaria 

endemic country and the onset of symptoms for malaria.  

Delay in seeking healthcare: This is also known as patient delay (PD) and is defined as the time 

between the onset of symptoms and first attending a medical facility or seeking healthcare 

advice. 

Medical diagnostic delay (MDD): This is defined as the time between first attending a medical 

facility or seeking healthcare advice and the diagnosis of malaria. 

Treatment delay (TD): This is defined as the time between the onset of symptoms and the 

initiation of treatment for malaria. 

Medical treatment delay (MTD): This is defined as the time between first attending a medical 

facility or seeking healthcare advice and the initiation of treatment for malaria. 
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Figure 2-2 A timeline summarising the definitions of the various time delays included in this review 

 

Figure taken from published manuscript by Bastaki et al and is included in full in Appendix F1 for reference. 

2.4.3.7 Criteria for studies using similar data sources 

When more than one study described data from the same source, the study with the more 

complete data was selected for the review. If the completeness of the data was similar, then the 

more recent data were selected for the review. 

2.4.4 Data collection 

The citations of the studies retrieved using the review’s search strategy were downloaded, 

indexed and de-duplicated using Endnote version x7. The title and abstracts were screened 

independently by two reviewers (HB and JC) to identify studies which potentially met the 

inclusion criteria. The full text of all potentially relevant articles were obtained and reviewed 

and the reviewers (HB and JC) independently classified the studies into the following categories: 

“include”, “exclude” or “unclear”. Disagreements in the classification of the studies were 

resolved by consensus or by a third reviewer (GR) if no agreement was reached. A similar 

approach was used for the studies which were classified as “unclear” to reach a decision on 

whether to include or exclude the study. The reason for exclusion for all the rejected studies 

was documented and is summarised in the results. 
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2.4.5 Quality assessment 

Two reviewers independently examined the components of each included study for risk of bias. 

The “JBI critical appraisal checklist for case series” (89)(Appendix A-2) was used since it was 

anticipated that the majority of the included studies would be case series. Furthermore, since 

the focus of the review is time to diagnosis or treatment of malaria, the same checklist was used 

for cohort studies that report on the variables of interest in the baseline characteristics of the 

sample. Although there are cohort specific “risk of bias” assessment tools, (e.g. Newcastle-

Ottawa Scale (90)/Downs and Black instrument (91)) the use of the case series checklist is 

justified since the baseline characteristics of these cohort studies is descriptive. Any longitudinal 

and intervention related effects were not considered and the data extracted from the studies 

comprised of only cases and was treated like a case series. 

The checklist comprises of 10 items addressing the possibility of bias in the design, conduct and 

analysis of case series studies. For each item, the reviewers assigned a “yes”, “no” or “unclear” 

on whether the item in question had been addressed in the study. A guidance tool with criteria 

on what comprises a “yes” or “no” answer was given to each of the reviewers (Appendix A-3). 

Discrepancies between the reviewers (HB and JC) were resolved by consensus, and if necessary, 

a third party (GR) was consulted. 

Each of the included studies was given a score out of 10, with 1 point awarded for each “yes” 

answer. This results in a scale; with a score of 10/10 having the lowest risk of bias and 0/10 

having the highest risk of bias. The results of this assessment will be presented in the text and 

using graphs. 

2.4.6 Data extraction 

Data were extracted from the studies selected for inclusion using a standardised data collection 

form. The data extracted included: study author, study year, study design, country, description 

of study participants, description of type of traveller, sample size, proportion of participants with 

p. falciparum infection and the primary and secondary outcomes (Diagnostic delay, patient 

delay, treatment delay, medical diagnostic delay, medical treatment delay and time to the onset 

of symptoms). For the primary and secondary outcomes, data were extracted if either the mean 

or the median duration of delay was reported, as well as the standard deviation (SD) or 

interquartile range (IQR). 

For the description of type of traveller, data were extracted if the reason for travel to an endemic 

country was reported, if not, then the residency status of the participants in the country where 

the study was conducted was extracted. If neither was reported, the breakdown of the number 

of cases by ethnicity was extracted. 
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Both reviewers independently extracted the data and entered it into an Excel spreadsheet. The 

extracted data in both Excel spreadsheets were checked by HB for inconsistencies and both 

reviewers (HB and JC) re-reviewed the studies if any were found to ensure the correct data were 

extracted.  If the studies selected for inclusion had relevant missing data, the corresponding 

author for the study was contacted by email to request the data. 

2.4.7 Data analysis 

2.4.7.1 Suitability for meta-analysis 

Although a meta-analysis was initially considered, there was limited scope to do this since in 

addition to potential heterogeneity, the type of data reported in the included studies was 

unsuitable for this. Given that the duration of delay does not follow a normal distribution, most 

of the studies reported the median duration of delay and the IQR. To perform a meta-analysis, 

these needed to be converted to means and SDs so that all the results can be pooled for analysis. 

Wan et al (2014) developed a method to estimate the sample mean and SD from the sample 

size, median and IQR specifically for including these in systematic reviews for meta-analysis(92). 

To evaluate whether this formula would be suitable, the mean and SD was estimated from the 

sample size, median and IQR in studies which had reported both the mean and median delays 

and were included in the review. This showed that there was considerable underestimation of 

the calculated mean and SD compared to the actual mean and SD reported in the studies (Table 

2-2).  Although the authors do suggest that the method results in slightly biased estimate for 

skewed data, due to the considerable difference in the calculated and reported means, it was 

decided that a descriptive synthesis would be the most appropriate method of summarising the 

data on time delays. 
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Table 2-2 A table estimating the sample mean and SD from remported medians in studies that reported both 
median and mean delays 

Author 
Stud

y 
year 

Reported 
mean 

Calculate
d mean 

Reported 
SD 

Calculate
d SD 

Sampl
e Size Data used for calculation 

TOS  

CNRP (a) 2007 15.1 5.3 120.8 6.7 1481 15.1* (SD 120.8) 5 (IQR 1-10) 

CNRP (b) 2007 123.2 74 251.1 81.3 92 123.2* (SD 251.1) 58 (IQR 28-136) 

CNRP (c) 2007 126.5 88.7 157.8 103.2 92 126.5* (SD 157.8) 73 (IQR 28-165) 

CNRP (d) 2007 40.6 34.3 41.7 34.1 32 40.6* (SD 41.7) 31 (IQR 14-58) 

CNRP (a) 2006 7 4.7 35.1 7.4 1973 7.0* (SD 35.1) 4 (IQR 0-10) 

CNRP (b) 2006 111.6 58 258.5 92.3 119 111.6* (SD 258.5) 39 (IQR 6-129) 

CNRP (c) 2006 171.4 107 247 146.6 102 171.4* (SD 247.0) 86.5 (IQR 20-215) 

CNRP (d) 2006 48.4 31 72 33.9 38 48.4* (SD 72.0) 29 (IQR 10-54) 

Diagnostic Delay 

CNRP 2007 7.3 3.7 22.6 3 1782 7.3* (SD 22.6) 3 (IQR 2-6) 

CNRP 2006 15.3 5 60.7 5.19 2359 15.3* (SD 60.7) 4 (IQR 2-9) 

Patient Delay 

Miura (a) 2005 4.7 3.3 . 2.26 101 4.7* (3.7-5.7) 3 (IQR 2-5) 

Miura (b) 2005 4.1 2.7 . 3 50 4.1* (2.5-5.7) 2 (IQR 1-5) 

SD: Standard Deviation. IQR: Interquartile range. TOS: Time to onset of symptoms after return from travel. 

2.4.7.2 Data Synthesis 

Extracted data from the studies were summarised in tables to provide a descriptive synthesis of 

the included studies. The tables were presented separately for each of the time delays (TOS, DD, 

PD, MDD, TD and MTD). The data in each of the tables were categorised in subgroups according 

to the plasmodium species (P. falciparum, P. vivax, P. ovale and P. malariae). Studies which 

specifically reported on children and those with severe malaria were categorised separately 

within the tables as well. 

For studies which report both the median and the IQR, the data were summarised in boxplots 

to allow for comparison of the delays between the included studies. Additionally, for studies 

which report median delays, a summary median, IQR (25th and 75th percentile) and range was 

provided using boxplots for P. falciparum and P. vivax only.  
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2.5 Results 

2.5.1 Description of studies 

2.5.1.1 Electronic database search 

The PubMed search retrieved a total of 1,061 citations. Excluding studies already retrieved from 

the PubMed search, the WOS, EMBASE and LILACS searches retrieved a further 169, 109 and 32 

citations respectively. This resulted in a total of 1,371 citations for screening. Of the 1,371 

citations, 1,097 were excluded after screening the title and abstracts and the reasons for 

excluding each study was noted. The full text was screened in 274 of the citations and the articles 

were reviewed and assessed for eligibility for the review. Of these, 210 were excluded. This 

resulted in a final count of 64 studies included in the review from the electronic database search 

(Figure 2-3). 

Figure 2-3 Electronic database search results and selection of studies for the systematic review 

 

 

  



43 

2.5.1.2 Grey Literature search 

The grey literature search retrieved a total of 253 citations. Of these, 18 were considered for full 

text review after reviewing the title and abstracts of the theses and conference proceedings. A 

further 7 were excluded after reviewing the full text. The full text was not available for 11 theses 

(non-loanable) either online or through interlibrary loans. Therefore there were no studies 

added to the review as a result of the grey literature search (Figure 2-4). 

Figure 2-4 Grey literature search results and selection of studies for the systematic review 

 

2.5.1.3 National agency reports 

Of the 94 countries certified as non-endemic by the WHO, the organization responsible for the 

surveillance of imported malaria was identified in 85 of them. Publicly available reports on 

malaria surveillance were identified from 64 of these organisations, however, for the majority 

of these (N= 60), the reports contained annual summaries on the number of imported malaria 

cases with no information on time delays. For three organisations (France, Tunisia and Le 

Reunion), information on time delays was available and data from the surveillance summaries 

reported by these organisations were included in the review (Figure 2-5). For France, annual 

surveillance data is published in the “Centre National de Référence sur le Paludisme” (CNRP) 

website and data on time delays is available for the years 2006 to 2010(11). For Tunisia and Le 

Reunion, information on time delays was available for the years of 2002-2007 and 2003- 2007 

respectively. For a further 2 organisations, the Centres for Disease Control and Prevention 

(United States) and National Institute of Public Health (Poland), annual surveillance summaries 

reported data on time delays, however no mean or median was reported. The authors of the 

surveillance reports were contacted and data from these two organisations were included in the 

review (93, 94). 
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Figure 2-5 Search strategy for National Surveillance Agencies and included surveillance reports 

 

2.5.2 Included studies 

There were a total of 69 studies included in the review following the electronic database, grey 

literature and national agency report searches. In some of these studies, data were available for 

a number of species of malaria as well as different time delays resulting in the same study 

contributing data for a number of different outcomes in this review. A table summarizing the 

characteristics of the included studies as well as the delays reported in the studies can be seen 

in (Appendix A-6). 

In terms of study setting, most of the studies were conducted in France (n = 17) followed by 

Spain (n = 8), the UK (n = 6) and the US (n = 4). A table summarising the number of studies from 

each country is summarised in (Appendix A-5). 

In terms of sample size, studies from the USA and France had the largest number of participants. 

This is because data related to time delays is collected routinely as part of their national 

surveillance (11, 93). In terms of parasite species, studies which report data for P. falciparum 

and P. vivax had a larger number of participants compared to P. ovale and P. malariae.  

The number of studies contributing data to each of the time points included in this review, and 

the range of reported median and mean duration for those time points by parasite species is 

summarised in Table 2-3. Data were available for 96 patient groups from 28 studies that had 

reported both a median and IQR for TOS, DD and PD. There were limited data available for MDD, 

MTD and TD. 
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Table 2-3 Number studies included in the review that have reported by delay category and parasite species. 
  

Number 
of 

studies 
reporting 
median 

Range of 
reported 
median 
duration 

(days) 

Number 
of studies 
reporting 

mean 

Range of reported 
mean duration 

(days) 

Number of 
studies reporting 
median and IQR 
and included in 

the boxplot 
graphs 

TOS P. falciparum 14 3 to 14 9 5.2 to 15.1 7 
 P. falciparum (severe) 5 5 to 7 1 7.9 3 
 P. falciparum (children) 4 2 to 7 1 11.7 3 
 P. vivax 14 28 to 240 9 61 to 282 7 
 P. vivax (children) 0 - 0 - 0 
 P. ovale 10 9.5 to 87 7 89.3 to 171.4 8 
 P. malariae 9 19 to 31 7 40.6 to 142.9 8 
 mixed 0 - 0 - 0 
 mixed (children) 2 32 to 52 0 - 0 
DD P. falciparum 15 2 to 8 9 4 to 12.5 7 
 P. falciparum (severe) 4 5 to 7 3 3.1 to 6.2 3 
 P. falciparum (children) 4 2 to 4 2 4.7 to 5 1 
 P. vivax 6 3 to 5 3 6.5 to 18.3 3 
 P. vivax (children) 0 - 1 3 0 
 P. ovale 6 3.5 to 8 3 6.4 to 13 5 
 P. malariae 3 7 to 9 3 14.3 to 19.8 3 
 mixed 5 3 to 18 3 6.6 to 24 3 
 mixed (children) 0 - 0 - 0 
PD P. falciparum 13 2 to 4 10 2.4 to 15.3 8 
 P. falciparum (severe) 8 3 to 7 2 4.2 to 5.6 5 
 P. falciparum (children) 8 1 to 5 2 3.1 to 5.7 4 
 P. vivax 5 3 to 8.5 4 3.6 to 16.7 4 
 P. vivax (children) 2 5 to 6.5 1 10 2 
 P. ovale 5 3 to 5 3 6.7 to 9.3 4 
 P. malariae 4 4 to 9 3 8.1 to 15.6 4 
 mixed 4 3 to 5 1 4.7 4 
 mixed (children) 1 2 0 - 0 
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Number 
of 

studies 
reporting 
median 

Range of 
reported 
median 
duration 

(days) 

Number of 
studies 

reporting 
mean 

Range of 
reported 

mean 
duration 

(days) 

Number of 
studies reporting 
median and IQR 
and included in 

the boxplot 
graphs 

MDD P. falciparum 0 - 1 0.7 - 
 P. falciparum (severe) 1 0 1 1.3 - 
 P. falciparum (children) 2 0 1 1.5 - 
 P. vivax 0 - 1 4.6 - 
 P. vivax (children) 0 - 0 - - 
 P. ovale 0 - 0 - - 
 P. malariae 0 - 0 - - 
 mixed 2 4 to 7.5 2 5.8 to 8.8 - 
 mixed (children) 0 - 0 - - 
TD P. falciparum 0 - 1 4 - 
 P. falciparum (severe) 2 1.5 to 4 0 - - 
 P. falciparum (children) 0 - 0 - - 
 P. vivax 0 - 0 - - 
 P. vivax (children) 0 - 0 - - 
 P. ovale 0 - 0 - - 
 P. malariae 0 - 0 - - 
 mixed 0 - 0 - -  

mixed (children) 0 - 0 - - 
MTD P. falciparum 1 <1 1 0 -  

P. falciparum (severe) 1 0.1 1 1.2 -  
P. falciparum (children) 1 0.2 0 - -  
P. vivax 0 - 1 0.3 -  
P. vivax (children) 0 - 0 - -  
P. ovale 0 - 0 - -  
P. malariae 0 - 0 - -  
mixed 0 - 0 - -  
mixed (children) 1 2 0 - - 

             Table 2-3    end.
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2.5.2.1 Time to the onset of symptoms after return from travel 

In studies which had reported both a median and an IQR, the TOS is summarised in a box plot 

(Figure 2-6). This shows that, in these studies, the median time to onset of symptoms is longer 

in those who had contracted non-falciparum malaria compared to those who had contracted 

falciparum malaria. Additionally, the wider IQR amongst the non-falciparum patient groups 

indicates greater variability on when the symptoms can first appear after return from travel, 

compared to the falciparum patient groups.  

Amongst the non-falciparum studies, the majority of the patient groups with P. malariae had a 

smaller reported median for the TOS compared to P. vivax and P. ovale. For P. ovale specifically, 

the smallest and largest medians were reported in 2 patient groups within the same study (95). 

In this study, the TOS was reported separately for the 2 subspecies of P. ovale; P. ovale curtisi 

(a) and P. ovale wallikeri (b), whereas the other included studies for P. ovale reported the data 

for both subspecies together. 
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Figure 2-6 Summary of DD in studies which have reported both the median and the IQR. 

 

The central line represents the median and the box represents the IQR. Figure taken from published manuscript by 
Bastaki et al and is included in full in Appendix F1 for reference. 
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Additionally, for studies that have reported a median TOS in those with P. falciparum and P. 

vivax, a box and whisker plot has been used to compare the reported medians in both these 

groups (Figure 2-7). This also shows that the median TOS reported for P. falciparum is smaller 

compared to P. vivax. 

Figure 2-7 A box and whisker plot summarising the median reported TOS for P. falciparum and P. vivax amongst the 
studies that had reported a median 

 

The boxplots show the median (central line), IQR (boxes) and range (whiskers) of the reported median TOS. 
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2.5.2.2 Diagnostic Delay 

In studies which reported both a median and an IQR, the DD is summarised in a boxplot (Figure 

2-8). This shows that, amongst these studies, there is no considerable difference in the median 

DD between the different parasite species except for the study by Alaya-Bouafif et al. which 

reported a larger median delay (96). In this study, DD was compared between Tunisians (a) and 

non-Tunisians (b) regardless of Plasmodium species, however there was no clear definition on 

whether their definition of DD commenced from the onset of symptoms or after return from 

travel which could potentially explain the longer delay in this study. 

Figure 2-8 Summary of DD in studies which have reported both the median and the IQR 

 

The central line represents the median and the box represents the IQR. Figure taken 
from published manuscript by Bastaki et al and is included in full in Appendix F1 for 
reference. 
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Furthermore, for studies which reported a median DD in those with P. falciparum and P. vivax, 

a box and whisker plot has been used to compare the reported medians in both these groups 

(Figure 2-9). This also shows that the median DD reported for P. falciparum and P. vivax are 

similar. 

Figure 2-9 A box and whisker plot summarising the median reported DD for P. falciparum and P. vivax amongst the 
studies that had reported a median 

 

. The boxplots show the median (central line), IQR (boxes) and range (whiskers) of the reported median DD. 
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2.5.2.3 Patient Delay 

In studies which reported both a median and an IQR, the PD is summarised in a boxplot (Figure 

2-10). This shows that, amongst the included studies, the median PD is comparable for most 

parasite species (2 to 6 days) except for P. malariae where the medians for the PD are 

comparatively larger (7 to 9 days). 

Figure 2-10 Summary of PD in studies which have reported both the median and the IQR. 

 

The central line represents the median and the box represents the IQR. Figure taken from published manuscript by 
Bastaki et al and is included in full in Appendix F1 for reference. 

For studies which have reported a median PD in those with P. falciparum and P. vivax, a box 
and whisker plot has been used to compare the reported medians in both these groups (Figure 
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2-11). This shows that the median PD is longer in P. vivax compared to P. falciparum, however, 
there were only 5 studies that had reported median PD for P. vivax. 

Figure 2-11 A box and whisker plot summarising the median reported PD for P. falciparum and P. vivax amongst the 
studies that had reported a median. 

 

The boxplots show the median (central line), IQR (boxes) and range (whiskers) of the reported median PD 

For both P. falciparum and P. vivax, the median PD and DD were similar in the studies which 

reported a median and were included in the review (Figure 2-12). For P. falciparum, the overall 

median DD was 3 days and the median PD was also 3 days. For P. vivax, the overall median DD 

was 3.75 days and median PD was 4 days. 
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Figure 2-12 A box and whisker plot summarising the median reported PD and DD for P. falciparum and P. vivax 
amongst the studies that had reported a median. 

 

The boxplots show the median (central line), IQR (boxes) and range (whiskers) of the reported medians. Figure 
taken from published manuscript by Bastaki et al and is included in full in Appendix F1 for reference. 

2.5.2.4 Medical diagnostic delay 

There were limited data available amongst the included studies on MDD. A total of 5 studies 

reported MDD for 7 different patient groups. Data were available for P. falciparum (n = 1), severe 

P. falciparum (n = 1), P. falciparum in children (n = 2), P. vivax (n = 1) and mixed species (n =2) 

(Appendix A-6).  

The median reported MDD for all P. falciparum groups was 0 days with 3 studies reporting a 

mean MDD of between 0.7 and 1.5 days. For P. vivax and mixed species, the reported median 

MDD ranged from 4 to 7.5 days, and the mean MDD from 4.6 to 8.8 days. 

2.5.2.5 Treatment delay 

Only 2 included studies reported data on treatment delay (Appendix A-6).  

One study (Grynberg 2015) reported a mean TD of 4 days for those who had uncomplicated P. 

falciparum (97). The second study reported a median TD of 1.5 days for patients with severe 

malaria that was fatal and 4.5 days for those that recovered (98). 

2.5.2.6 Medical treatment delay 

Similar to MDD, there was limited data available amongst the included studies for MTD. A total 

of 5 studies reported MTD for 6 different patient groups. Data was available for P. falciparum (n 
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= 2), severe P. falciparum (n = 1), P. falciparum in children (n = 1), P. vivax (n = 1) and mixed 

species in children (n =1) (Appendix A-6).  

All studies reported a median MTD of less than 1 day for all patient groups except for a study by 

Maltezou et al (99), which reported a median MTD of 2 days for children with malaria (mixed). 

2.5.3 Quality assessment 

The results of the quality assessment for the included studies are summarised in Appendix A-4. 

Most of the included studies had clear inclusion criteria and the cases consisted of laboratory 

confirmed diagnosis of malaria, either by microscopy or antigen based testing, ensuring that the 

diagnosis of malaria was reliable and objective (Questions 1, 2 and 3). In one third of the included 

studies the selection of cases was not consecutive (26/69) and not all eligible cases were 

included (27/69), and thus, would make these studies prone to selection bias (Questions 4 and 

5). Most of the included studies (67/69) provided clear information on the demographic and 

relevant clinical information of the cases and therefore the risk of reporting bias within the 

included studies is low (Question 6 and 7). In 26/69 studies follow-up data of the cases were not 

available, however, since this review mainly focuses on data prior to diagnosis and treatment, 

subsequent information regarding morbidity and mortality does not have an effect on this 

review (Question 8). Information regarding the site where the malaria cases presented was not 

available in 22/69 studies (Question 9) and therefore information on PD, MDT and MTT within 

these studies might not be accurate since visits to a healthcare provider prior to attending the 

reporting site might not have been considered, the implications of this on the review are 

described in the discussion section. Finally, 10/69 studies reported a median or mean delay with 

no measure of spread (IQR/SD) making it difficult to infer the dispersion of reported delays 

within these studies (Question 10). There were no studies excluded on the basis of the quality 

assessment. 
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2.6 Discussion 

2.6.1 Summary of main findings 

2.6.1.1 Time to onset of symptoms 

The included studies in this review show that the TOS in those who have contracted P. ovale or 

P. vivax is longer than in those who have contracted P. malariae or P. falciparum. The life cycle 

for both P. vivax and P. ovale includes a hypnozoite liver stage which could explain the longer 

TOS. During this stage, which is unique for P. vivax and P. ovale (100), the hypnozoites remain 

dormant in the liver and the patient remains asymptomatic until reactivation, which can occur 

months or years after initial infection (101). 

Since the TOS is the period between returning from travel and the onset of symptoms, it is not 

a period of delay in the diagnosis or treatment in itself. This is because the patient would be 

asymptomatic and would not have a need to seek healthcare. However, the TOS was included 

in the review since increased understanding on when malaria symptoms develop after return 

from travel can help those working in primary care to gain a better understanding on when to 

consider a diagnosis of malaria. Across all parasite species, the largest value for the 75th 

percentile of TOS in any study was 297 days (95). These data should encourage physicians to 

consider a diagnosis of malaria in a febrile patient even if the travel history reveals that the 

patient had returned from a malaria endemic country up to a year previously. 

2.6.1.2 Diagnostic delay 

Apart from one study where the definition of DD was not clear (96), most of the studies reported 

similar DD across all parasite species. This might suggest that once malaria symptoms develop, 

patients are just as likely to consider seeking healthcare, and for the treating physician to 

consider a diagnosis of malaria, regardless of parasite species. However, to further evaluate this, 

it is important to look at data for PD and MDD separately since DD consists of both these delays. 

In terms of the duration of DD, For P. falciparum specifically, Seringe et al. showed that a DD of 

between 4 and 12 days is associated with an increased risk of developing severe disease (102). 

Amongst the included studies that had reported median DD for P. falciparum, 5 out of 14 studies 

had reported a median DD of greater than 4 days and thus improvements in diagnosis could 

potentially reduce the number of people who develop severe disease in these centres. 

Interestingly, in the four studies which had specifically looked at patients with severe P. 

falciparum only (103-106), the reported median DD was greater than 4 days in all of them 

(median DD ranged from 5 to 7 days). 
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2.6.1.3 Patient Delay and Medical Diagnostic Delay 

The included studies in this review which reported a median and IQR for PD showed a longer PD 

for P. malariae malaria compared to non P. malariae malaria. This difference could be due to 

patients being less likely to seek healthcare since P. malariae results in a milder form of illness 

compared to other malaria parasites (107). 

With regards to the type of studies which contributed data to the review, most of the included 

studies consisted of retrospective chart reviews. Using these types of studies to report data on 

PD might lead to an overestimation of the true value for PD. This is because information 

regarding previous healthcare visits, either to other hospitals or to a primary care physician, 

might not have been considered (108). Therefore drawing the conclusion that PD accounts for a 

large proportion of the overall DD as reported in the studies included in the review (Figure 2-12) 

might be inaccurate as illustrated in Figures 2-13 and 2-14. 

 

Figure 2-13 A diagram illustrating how the duration of patient delay in the included studies is reported 
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Figure 2-14 A diagram illustrating how the patient delay could be underestimated if previous healthcare contact is 
missed. 

 

Furthermore, the overestimation of PD would thus result in an underestimation for data related 

to MDD since the previous healthcare visits which were not considered would shorten the 

duration for PD and prolong it for MDD. This degree of underestimation could be considerable, 

since several studies that have specifically looked at previous visits to primary care and other 

non-specialist centres have reported a large proportion of misdiagnoses of 61% (108) and 80% 

(109) in these settings. Moreover, a study by Dorsey et al which had looked at malaria 

misdiagnosis had shown that a missed diagnosis resulted in a mean delay in therapy of 5.6 days 

(110). 

 

With regards to the reported MDD in studies included in this review, only 2 studies reported a 

mean or median MDD of greater than 1 day. In one of these studies, Nakayama et al included 

previous medical consultations when defining MDD and reported a median MDD of 7.5 days in 

patients who presented between 1991 and 2000 (a), and 4 days in patients who were admitted 

between 2001 and 2010 (b) (111). In the second study, although previous medical consultations 

were not taken into account, Higa et al reported a mean MDD of 4.7 days for patients who were 

diagnosed with P. vivax (112). The small number of participants (n = 7) and the reporting of a 

mean and not the median, meant that a misdiagnosis in one case of P. vivax (MDD = 18 days) 

after admission greatly inflated the result of the mean.  

In addition to Nakayama, a study by Chalumeau et al considered prior consultations when 

defining MDD yet still reported a MDD of less than 1 day (113). Chalumeau et al reported a 
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median MDD of 0 days, however 9 out of the 29 participants in the study were seen in primary 

care and the MDD in these patients is not reflected in the reported median. 

2.6.1.4 Treatment delay and medical treatment delay 

There was limited data amongst the included studies on TD (n = 2). With regards to MTD, five 

out of the 6 included studies reported a median or mean of less than one day. However, similar 

to MDD, this could also be underestimated since prior consultations might not have been 

considered. 

2.6.2 Limitations of the review methodology 

The data included in the review is descriptive, and, therefore no causal or temporal inferences 

can be made, however, it is still useful for exploring where the greatest delays occur and 

identifying trends with regards to the reported delays. 

Studies may have had different definitions for the various time delays. For example, in this 

review DD was defined as the duration between the onset of symptoms and diagnosis, however 

in some studies which have reported DD, it might be possible that they considered a different 

definition for this (e.g. Duration between returning from travel and diagnosis).  

There were limitations related to data analysis. Meta-analysis could not be done as the 

distribution of data on delays were skewed and most studies reported median durations of 

delay. Results were summarised in box plots and so the sample sizes of the included studies are 

not reflected in the graphs (Figures 2-6, 2-8, and 2-10). Therefore when interpreting data from 

these graphs it is important to take into account the sample size which are reported (Appendix 

A-6). 

Additionally, the different healthcare systems in the malaria non-endemic countries included in 

this review could have an impact on the reported delays, for example countries with a healthcare 

system that is free at the point of care might report a lower PD compared to countries with a 

healthcare system that is fee for service. 

2.6.3 Impact of the results on my other studies in the PhD 

Findings of this review suggest that further evaluation of MDD is needed since the retrospective 

nature of the studies included in this review may have resulted in its underestimation. This 

supports my plan of using prospectively collected data to investigate the provision of healthcare 

in primary care prior to when a diagnosis is made. In Chapter 6, I plan to explore symptoms prior 

to when a diagnosis is made. The time period to be examined prior to diagnosis will be informed 

by the findings related to DD in this review. 
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2.7 Context of this chapter in overall work 

The results of this review suggest that delays in seeking healthcare by patients (PD) account for 

a large proportion of the overall diagnostic delay (DD). However as information on delay is 

recorded retrospectively in most studies, PD might be overestimated since potential previous 

healthcare contact where the diagnosis was missed is not included. This would also result in the 

medical diagnostic delay (MDD) reported in this review to be underestimated. Therefore, in 

relation to the overall plan for the PhD, this review supports the idea of using prospectively 

collected data to explore the sequence of care in a patient who has contracted malaria to 

capture healthcare visits that might not be included in a retrospective review. In Chapter 6, I 

plan to explore symptoms prior to when a diagnosis is made. The time period to be examined 

prior to diagnosis will be informed by the findings related to DD in this review. 
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Chapter 3. The data source: “The Health Improvement Network” 
primary care database 

3.1 Chapter overview 

In this chapter, I provide an overview on the use of electronic health records for observational 

research. I describe sources of primary care electronic health records databases in the UK, 

including The Health Improvement Network database which is the data source used in the 

studies presented in Chapters 4, 5 and 6. 

3.2 Use of electronic health records for observational research 

Electronic health records (EHRs) represent longitudinal data that are collected during routine 

delivery of care and recorded in electronic format. They emerged mainly as a means to improve 

efficiency and healthcare quality compared to paper based recording of patient care (114). 

Although the main use of these records is to support clinical work flow (115), they have been 

widely used for research applications including epidemiological and observational research (e.g. 

incidence and prevalence studies, hypothesis generating studies, drug/health utilisation studies 

and risk factor identification), safety surveillance and regulatory uses (e.g. post marketing safety 

investigation of licensed drugs) and prospective clinical research (e.g. assessing trial feasibility 

and facilitating patient recruitment) (114). 

The scope of data recorded in EHRs varies based on clinical need and may be restricted to single 

components of care (e.g. primary care, accident and emergency or genitourinary medicine) or 

can cover all aspects of care in a particular setting (e.g. Hospital Episode Statistics, a database 

which contains details on all admissions, outpatient appointments and A/E attendances at NHS 

hospitals in England) (116). 

3.3 Primary care electronic health records 

Although precise estimates for the proportion of individuals registered with a general practice 

in the UK is unavailable, there were 58.4 million individuals registered with a general practice in 

England in June 2017 while population estimates for England were 55.6 million individuals for 

mid-2017 (117, 118). A number of factors could explain the larger number of individuals 

registered with a GP compared to the population including: double counting of individuals 

registered in more than one general practice (e.g students registered with a GP during term time 

in addition to a GP at their home address), the inclusion of individuals registered in a general 

practice who have since left the UK, and the inclusions of short term visitors who register with 

a GP and are not captured by the census survey. Despite these factors, it is still likely that the 

proportion of individuals registered with a GP is high, and when combined with the high 
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proportion of computer usage (97% of GPs in 2005), make primary care a good data source for 

EHR research in the UK (119). This is reflected by the significant increase in the annual number 

of publications using primary care EHRs over time (120). 

There are four main primary care electronic health record databases in the UK available to 

researchers. These are: 

 Clinical Practice Research Datalink (CPRD): This database is owned by the Department 

of Health and is funded through the National Institute for Health Research (NIHR) and 

Medical & Healthcare products Regulatory Agency (MHRA). Data from CPRD are divided 

into 2 databases depending on the IT system the general practice uses for their patient 

management. Practices using Vision software contribute to CPRD Gold while practices 

using EMIS web software contribute to CPRD Aurum. CPRD Gold includes data from 30 

million patients registered in over 1,100 practices while CPRD includes data from 5.5 

million patients registered in 186 practices (121). Although it is not-for-profit, data 

access license fees are charged to recoup the cost of delivering research services. 

 QResearch: This database is located in the University of Oxford (formerly at University 

of Nottingham). It contains the records of more than 30 million individuals from 1500 

practices using the EMIS clinical computer system. Access to the data is only available 

on site at the University of Oxford and restricted to academics employed by UK 

universities. Access is restricted to a subset of the database with a maximum of 100,000 

patients for each research project approved by the scientific review committee at the 

University of Oxford (122). 

 Royal College of General Practitioners Research and Surveillance Centre (RCGP RSC): 

This database was initially set up in 1957 to collect and monitor data for surveillance, 

mainly of influenza, from participating GP practices. Although the centre’s main focus 

continues to be related to influenza like illness and other respiratory diseases, the 

transition from paper to electronic recording of data expanded the amount of data 

available from the participating practices and recent research from the centre has also 

included diabetes and chronic kidney disease. The database is much smaller and 

contains the records of around 1.7 million individuals from 260 general practices (123). 

 The Health Improvement Network (THIN): This is the data source I used for the studies 

described in Chapters 4, 5 and 6. It was set up jointly by In Practice Systems and IMS 

Health in 2002. In Practice Systems developed Vision software, which is an IT system 

used for patient management. IMS health managed the data and provided access to the 

data until 2017, where they were acquired by IQVIA. The database includes data from  

17 million patients registered in 700 GP practices with coverage of around 6% of the UK 
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population (124). It consists of data which are collected routinely during normal practice 

and is updated regularly, providing up to date data for analysis (125). Data available for 

analysis includes; patient demographics, medical information (e.g. diagnoses, treatment 

and prescription information), additional health data (e.g. lab investigations and results) 

and information on staff who entered the data (125). Access to the data is offered 

through a department level, multi-user, multi-study four year license through IQVIA 

which costs £119,000 (126). 

 

3.4 Why use THIN over other primary care databases? 

The other primary care databases described previously were considered however, the following 

factors resulted in my decision to use THIN. For QResearch, the restriction of the number of 

individuals included in the dataset to 100,000 would have limited the number of malaria cases 

identified making it difficult to examine trends in malaria recording and investigate missed 

opportunities for diagnosis (Chapter 4 and 6). The RCPG RSC database, although shown to be 

representative of the UK population (123), is a smaller database compared to THIN and would 

have similarly resulted in a limited number of malaria cases. The CPRD database would have 

been an appropriate data source given the large number of patients included in the database, 

however, the multi-study license fee exceeded the research budget for this PhD. I selected THIN 

as it also had a large number of patients and a full license from IMS Health was available within 

the department, providing access to the whole dataset rather than a pre-specified extract. 

 

3.5 Data recording in the THIN database 

All data generated from routine primary care consultations with a GP, nurse or other health care 

staff at a practice contributing data to THIN is recorded in the database. They are stored across 

several sets of files created for each practice and can be linked to each other by a practice 

specific unique patient, consultation or staff identifier (Figure 3-1). The type of data available in 

each set of files is described below and is summarised in Figure 3-1: 

Medical Records: This contains information on symptoms, diagnoses and referrals to secondary 

care recorded by a staff member. Both the date the record was entered in THIN (System date) 

and the date the event specified had occurred (Event date) are recorded. The description of the 

symptoms and diagnoses are coded using Read codes that uniquely identify a specific clinical 

term (127). Related terms are organised into Chapters (Appendix B-1), with the first character 

of the code identifying the chapter. It is organised hierarchically from more general terms to 

more specific terms. For example a recording of “Malaria” is assigned the Read code “A84..00” 
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with the “A” indicating it is categorised in the Infectious/parasitic diseases chapter and the “84” 

indicating malaria. A more specific malaria recording like “Falciparum malaria – malignant” and 

“Vivax malaria – benign tertian” are assigned the Read codes “A840.00” and “A841.00” 

respectively, with “840” indicating P. falciparum malaria and “841” indicating P. vivax. Related 

Read codes can be grouped together in a code list to create a variable as will be discussed in 

Chapters 4, 5 and 6. 

Additional Health Data (AHD) Records: These records contain information on vaccinations and 

time varying personal information (e.g. height, weight, smoking status and information on 

pregnancy). They also contain laboratory results, however some results are better recorded than 

others. For example, results which need to be monitored over time to ensure optimal patient 

management for conditions incentivised through the Quality and Outcomes Framework, like 

HbA1c levels in those who have diabetes, are well recorded (128). On the other hand, in the 

context of this thesis, results for microscopy for malarial parasites are poorly recorded. 

Although, a recording for the investigation being ordered exists in the database, the process of 

manually performing microscopy to visualise the parasites to obtain a positive test result meant 

that positive results are rarely recorded in AHD records and may be recorded as a medical 

diagnoses in the medical records after laboratory staff confirm a positive result with the GP. A 

positive microscopy result can also be inferred by a subsequent prescription for an antimalarial 

as will be discussed in Chapter 4. 

Therapy Records: This contains prescription related information including the generic name of 

the medication, date of prescription, dosage of prescription, duration of prescription and 

quantity prescribed. Each medication is assigned a unique identifier (drugcode) and different 

dosage strengths and product forms (e.g. capsule vs tablet) of the same medications are 

assigned a different drugcode. However, it is possible to identify different formulations of the 

same medication as prescriptions are also categorised according to the British National 

Formulary (BNF) classification using the (BNFcode) (129). 

Postcode Variable Indicator (PVI) Records: This contains postcode linked area level indices for 

socioeconomic status (Townsend Deprivation quintile), ethnicity and pollution levels. The 

indices for ethnicity are reported as a quintile of proportion of the ward population who define 

themselves as a particular ethnicity. The lack of individual level data on ethnicity meant that I 

could not use PVI records to create an ethnicity variable for the study, however, a Read code list 

was created to identify the ethnicity of an individual using codes in the medical records as 

described in Chapter 4. On the other hand, I did use data from PVI records to explore difference 

in association by socioeconomic status. This is because the Townsend Index inherently uses area 

level data to calculate an individual level score. It is a measure which incorporates 
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unemployment, car ownership, home ownership and household overcrowding to calculate area-

level deprivation (130). The score ranges from 1 to 5 with 1 being the least deprived and 5 

indicating the greatest degree of deprivation. Not all practices collect data on PVI records; the 

Townsend quintile was available for 725 of the 744 practices (97%) contributing data to THIN. 

Patient Records: These records contain personal information including; year of birth (month and 

year of birth for children), sex, date of first registration at the general practice, date transferred 

to a different general practice and date of death. 

Consultation Records: These records contain information on a specific primary care consultation 

including the date of the consultation, the duration of the consultation and the type of 

consultation (e.g. surgery-hours consultation, out-of-hours consultation, telephone consultation 

etc.). The unique consultation identifier (consultid) can be used to identify multiple recordings 

in medical, AHD and therapy records and link them to a single consultation, thus identifying all 

records related to a single event. 

Staff Records: This contains information on the staff recording the information in the EHR 

including the sex and role of the staff member (e.g. Partner, locum, registrar, nurse etc.) 

Practice Records: These contain practice level information including the region where the 

general practice is located (based on former Strategic Health Authorities) and measures to 

ensure that the data available from the practice is of high quality. The quality filters include dates 

on when the practice reached an acceptable level of computer usage (ACU) for recording patient 

clinical data and the date when the practice reached an acceptable level for mortality recording 

(AMR) in THIN. The ACU date is defined as the year in which a general practice was continuously 

entering on average at least two therapy records, one medical record and one AHD record per 

patient per year (131). The AMR date corresponds to the date when a practices level of mortality 

recording reaches a similar level to that which is expected after accounting for the practice’s 

age/sex structure to that reported from the Office for National Statistics (132). Both measures 

ensure that practices have fully transitioned from paper based to electronic based recording of 

clinical data. 

Free text records: This contains data recorded outside the traditional coded fields in medical 

and AHD records. These records may contain extra information on symptoms, examinations, 

differential diagnoses, investigations and dates of diagnosis from letters sent from secondary 

care as well as information on the severity of an illness which would be difficult to assign a code 

for (133). However, access to the free text data is restricted as it may include possible identifiers 

such as names of individuals and places. Access may still be possible with permission from IMS 

Health/IQVIA, who manually review and de-identify the required free text entries, however due 
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to the time consuming process of the manual review, the data provider charges for this service 

(129). Given the large amount of free text records that needs to be screened in order to yield 

potential information that may not be captured within coded data, and the considerable budget 

that would entail, I decided to not include a free text analysis in my studies. 
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Figure 3-1 Structure of the main data files and their linked identifiers in The Health Improvement Network (THIN) database. 

.
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3.6 Strengths and Limitations of using THIN for clinical research 

There are several advantages of using THIN for clinical research in general, and malaria research 

specifically. Firstly, the dataset has been shown to be broadly representative of the UK 

population in terms of demographics and prevalence of major medical conditions (134). 

Secondly, since data are recorded automatically when information is entered into the EHR 

during a consultation, it can allow researchers to access the data quickly and is more economical 

than other study designs which require recruitment of study participants and collection of 

primary data (e.g. clinical trials or standard cohort studies) (135). 

 

With regards to this study, much of the existing research exploring the provision of care prior to 

a diagnosis of malaria is usually based on data collected retrospectively at the time of diagnosis 

(Chapter 2). Since data in THIN are recorded prospectively, using it for epidemiological and 

observational research can reduce the effect of bias related to retrospective study designs (e.g. 

recall bias) and the continuous nature of recording of healthcare data can allow longitudinal 

analysis of the data prior to a diagnosis of malaria (Chapter 6). Moreover the size of the database 

makes it ideal for investigating malaria given the relatively low incidence in the UK (136). 

Additionally, the non-specific nature of symptoms individuals with malaria present with makes 

primary care an ideal setting to explore missed opportunities for diagnosis (35).  Furthermore, 

the geographical spread of the practices contributing data to THIN may show regional variations 

in the diagnosis and management of malaria. 

 

Using THIN for research also has its limitations. Firstly, it only captures data from patients who 

attend or contact primary care. Secondly, the accuracy of the data depends on the quality of 

data entered into the EHR. Furthermore, different practices might record the same data in 

different ways. They may use different Read codes which can result in multiple Read codes for 

a particular condition. Additionally, information not recorded is not included in the research 

(135). Moreover, with regards to treatment, since data are derived from prescriptions issued, 

non-compliance to medication may provide a challenge for investigating drug-related exposure 

(137). Finally, although broadly representative of the UK population, there is a slight over-

representation of individuals from more affluent areas as 24% of the individual registered in a 

THIN practice were recorded in the least deprived quintile, while 15% were recorded in the most 

deprived quintile (134). 
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3.7 Reporting guidelines for observational studies using routinely collected data 

When preparing the chapters of this thesis that used THIN as a data source (Chapter 4, 5 and 6), 

the guidelines described in the “REporting of studies Conducted using Observational Routinely-

collected Data” (RECORD) statement were followed (138). The RECORD statement is a routinely 

collected data extension of the “STrengthening the Reporting of OBservational studies in 

Epidemiology” (STROBE) statement, which was developed to improve the quality of reporting 

for observational studies(139). A checklist of where the items of the RECORD statement are 

located in this thesis is provided in Appendix B-2. 

3.8 Context of this chapter in overall work 

In this chapter, I have provided an overview on THIN and have described how data is recorded 

in the database. I have also provided a summary on the justification behind using THIN as a data 

source for the remaining three studies in this thesis (Chapters 4-6). In the next chapter I will use 

individuals identified as having malaria in the cohort to estimate the incidence of imported 

malaria in the UK. 
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Chapter 4. Incidence of malaria in the UK – Estimates from primary 
care electronic health records 

4.1 Chapter overview 

In this chapter, I will describe the algorithm used to extract the cohort of individuals with malaria 

from THIN database. I will then explore the trends in the number of cases of malaria identified 

over time and compare the trends to malaria cases captured through national surveillance in 

the UK. The cases identified in this chapter will be used in the subsequent studies of this thesis 

(Chapter 5-6); the insight into the demographic characteristics of the cases can determine the 

degree of generalisability of the findings of those studies. This chapter has also formed the basis 

of a published manuscript which is included in Appendix F-2. 

4.2 Introduction 

In the UK, malaria is a notifiable disease and information on trends over time is usually obtained 

from passive surveillance data on imported cases. This information comes from the Malaria 

Reference Laboratory (MRL), supplemented more recently with cases reported to the Public 

Health England (PHE) case management database (HPzone) (136, 140). Reports on cases are 

completed by clinicians and laboratory staff with information on patient demographics, reason 

for travel, area and duration of travel, and chemoprophylaxis use (141). This surveillance 

method is associated with underreporting since not all cases who seek healthcare are notified. 

A capture-recapture study estimated that only 56% of cases were captured by the MRL 

surveillance system (142), with similar levels of underreporting identified in other European 

notification based surveillance systems (143-145).  

Use of electronic health records (EHRs) may provide a complementary method of exploring 

trends in malaria diagnoses over time. Although they have limitations, EHRs have been widely 

used for observational research (Section 3.2) and several studies have used them for exploring 

trends in the incidence of illnesses over time (114, 146-148). Data collection at the time of 

recording a malaria diagnosis in primary care can mitigate against the issue of underreporting in 

surveillance methods as it forgoes the added step of notification. Furthermore, it can provide 

insight into the number of cases seen in this setting.  

My aims were to investigate the incidence of imported malaria in the UK between 2005 and 

2016 using The Health Improvement Network (THIN) Primary care database, to explore 

differences in the demographic profile of those with a recording of malaria and to compare the 

characteristics of cases identified in THIN to those identified through national surveillance.  
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4.3 Study objectives: 

 To identify incident cases of malaria in THIN database 

 To investigate the change in incidence of malaria between 2005 and 2016 in UK primary 

care 

 To investigate the association between age, sex, socioeconomic status, general practice 

location and ethnicity, and, having a recording for malaria in UK primary care 

4.4 Methods: 

4.4.1 Data source 

The Health Improvement Network primary care database (Chapter 3). 

4.4.2 Study population 

General practices that contributed data to THIN between January 2005 and December 2016 

were used for this study. The quality of the data included was assessed using the acceptable 

computer usage (ACU) dates (131) and the acceptable mortality recording (AMR) dates which 

are described in Section 3.4 (132). Practices were included after the latest of the ACU and AMR 

date. Additionally, information on postcode linked socioeconomic indices (Townsend Score) was 

not available for 17 practices and they were excluded from the analysis. 

4.4.3 Participants 

All individuals aged 0–99 years that were registered with a general practice contributing data 

between 2005 and 2016 were included in the analysis. 

4.4.4 Identification of incident cases of malaria in THIN 

Cases of malaria in primary care may be indicated by diagnostic codes, or a combination of 

investigation and treatment codes. An algorithm was developed to identify individuals 

diagnosed with malaria within THIN. This was based on individuals having any of the following 

records (Figure 4-1):  
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Figure 4-1 An algorithm summarising how malaria cases were identified within THIN database. 

 

THIN: The Health Improvement Network. ACT: Artemesinin-based combination therapy. Figure taken from 
published manuscript by Bastaki et al and is included in full in Appendix F2 for reference. 

 
 A diagnostic Read code for malaria:  

A Read code list indicating a diagnosis of malaria was developed (Appendix C-1). Those 

with a malaria diagnostic Read code within their medical records were considered to 

have a diagnosis of malaria. The date that malaria was first recorded was considered the 

index date of diagnosis. 

 A code for malaria investigation followed by treatment for malaria within 60 days: 

In order to capture potential cases that did not have a diagnostic Read code for malaria, 

those with an AHD code or Read code for malaria specific investigations were identified 

(Appendix C-1). In records where a laboratory test is ordered but with no result reported 

in THIN, it was assumed that the individual had a diagnosis of malaria if an antimalarial 

was prescribed within two months (60 days) after the date the test was ordered. A two 

month period was selected to take into account delays in recording of prescription data 

in individuals who have a positive test result for malaria. This is because individuals who 

have a recording for a malaria investigation may have been tested and followed up in 

secondary care following a positive test result and only prescribed medication after 

receiving a discharge summary from hospital. I had explored the distribution of time 

between test dates and subsequent antimalarial prescriptions in THIN. This showed that 

most antimalarials are prescribed close to the time of investigation and decrease to 

baseline prescription rates within 2 months (green line in figure 4-2), supporting the use 
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of a two month period post malaria test. Additionally, a sensitivity analysis was 

conducted where a shorter duration of within 45 days between a recording for a malaria 

investigation and a prescription for an antimalarial was used to identify individuals with 

a diagnosis of malaria (Appendix C-2). 

Figure 4-2 Duration between a recording for a malaria investigation and a prescription for an antimalarial in THIN. 

 

Green line marks a duration of 60 days after an investigation for malaria  

The antimalarials prescribed were identified using a drug code list developed based on 

chapter 5.4.1 of the British National Formulary (BNF) (Appendix C-1) (149). Although 

some of these medications can be used for prophylaxis, the preceding indication for 

ordering the malaria specific investigation makes this unlikely and as such, all 

antimalarial prescriptions were included. The date the antimalarial was prescribed was 

considered the index date of diagnosis in those who were investigated for malaria. 

 A prescription for artemesinin-based combination therapy (ACT). 

Artemesinin-based combination therapy is the recommended treatment for those with 

P. falciparum infection and for non-falciparum malaria if the area of infection is known 

to have chloroquine resistance (150). All drug codes in THIN were searched to identify 

which ACTs were recorded in the database and only artemether–lumefantrine was 

identified.  Artemether–lumefantrine is the drug of choice for treating uncomplicated P. 

falciparum and is licensed solely for the treatment of malaria (149). It was assumed that 

the individual had a diagnosis of malaria if they received a prescription for artemether-

lumefantrine. The date this was prescribed was considered to be the index date of 

diagnosis.  
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4.4.4.1 Identifying and reducing sources of misclassification bias in the identification of 
cases 

Although practices contributing data to THIN receive training to ensure good quality recording 

of data (129), the absence of confirmatory tests and the potential for recording error at the time 

of data entry could result in the misclassification of cases when using routinely collected 

electronic data (151). Given the relatively low incidence of malaria in the UK, even small errors 

in the classification of cases could have a large effect on the results.  

In the absence of external data to validate the cases identified using the algorithm described in 

section 4.4.4, I had used the data cleaning framework described by Van den Broeck et al to 

detect, diagnose and edit data abnormalities in the identification of cases in THIN (152). The 

authors describe a three stage process of (152): 

1. Screening for lack or excess of data; outliers; strange patterns in distributions and 

unexpected analysis results. 

2. Diagnostic phase to clarify whether the suspected data abnormalities are in fact 

erroneous. 

3. Editing phase to decide how to proceed with any abnormalities identified by either 

correcting the error, deleting the observations or leaving the data unchanged. If 

correcting the error, or deleting the observation, the results are screened again to 

assess whether the abnormalities in the data are resolved. 

Screening phase: 

To screen for abnormalities in my data, the algorithm was run and a histogram was used to 

graphically explore the distribution of the cases identified per UK region per year (Figure 4-3). 

Although I had expected London to have the highest number of cases in the UK, the number of 

cases identified in the North West and the West Midlands in 2005 was unexpectedly high in 

comparison to the remaining years and warranted further exploration. 
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Figure 4-3 A graph showing the number of malaria cases identified in THIN per UK region per year. 

 

For the North West and the West Midlands specifically, a histogram was used to explore the 

distribution of cases identified per general practice per year (Figures 4-4 and 4-5). This revealed 

that two general practices in the North West (Figure 4-4) and one general practice in the West 

Midlands (Figure 4-5) recorded a disproportionately higher number of cases compared to other 

practices in those regions. Frequency distributions by practice per year for the 11 other UK 

regions revealed no apparent abnormalities in the data. 
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Figure 4-4 A graph showing the number of malaria cases identified in the North West of England per General 
Practice per year. 

 

 

Figure 4-5 A graph showing the number of malaria cases identified in the West Midlands per General Practice per 
year. 
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Diagnostic phase 

The full electronic health records of the cases identified in the three practices with a 

disproportionately large number of cases were examined. This revealed that individuals with a 

Read code for malaria in these practices had received a pre-travel vaccination on the same day 

that the Read code for malaria was recorded. Given that the vaccinations are given before travel, 

when an individual is not at risk of malaria, may indicate that the Read code used to record a 

diagnosis of malaria was erroneously used to record a pre-travel malaria related consultation 

(e.g. malaria prevention advice) in these practices. 

Editing phase 

To minimise the effect of miscoding (i.e. a diagnosis of malaria coded for a pre-travel malaria 

advice consultation), those with a prescription for a travel vaccination issued on the same day 

as a malaria recording were excluded across all practices. The Read code list used to identify 

travel vaccinations is described in Appendix C-1. After applying the exclusion criteria, the 

number of cases seen in the outlier practices was comparable to other practices in the same 

region (Figures 4-6 and 4-7). 
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Figure 4-6 A graph showing the number of malaria cases identified in the North West of England per General 
Practice per year, after excluding those who received a travel vaccination on the same day as a recording for 
malaria. 

 

Figure 4-7 A graph showing the number of malaria cases identified in the West Midlands per General Practice per 
year, after excluding those who received a travel vaccination on the same day as a recording for malaria 
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4.4.5 Analysis 

The overall crude incidence of malaria was estimated as the number of cases per 100,000 person 

years at risk (PYAR). This was determined by totalling the number of patients with a first 

recording of malaria between 2005 and 2016, and then dividing this number by the total person 

years of follow-up for all patient records for this period. The start date used to calculate the total 

PYAR for each participant was the latest of: 

 The date the individual registered with their current general practice. 

 The date the practice reached AMR. 

 The date the practice reached ACU. 

 The 1st of January 2005 (study start date). 

The end date used to calculate the total PYAR for each participant was the earliest of: 

 The date the individual transferred to a different practice to the one included in the 

analysis. 

 The date of death recorded in the practice. 

 The last date the practice contributed data to THIN. 

 The index date of diagnosis in those who have malaria. 

 The 31st of December 2016 (study end date). 

Crude incidence rates by calendar year, age group, sex, social deprivation, region, and ethnicity 

were also estimated by restricting the person years of follow-up to the respective category in 

question. Age group was defined as: <10, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89 

and >90 years and sex as male and female. The level of social deprivation was estimated using 

Townsend quintile; a measure which incorporates unemployment, car ownership, home 

ownership and household overcrowding to calculate area-level deprivation. The score ranges 

from 1 to 5, with 1 being the least deprived and 5 indicating the greatest degree of deprivation. 

The region of the UK was based on former strategic health authority location and was grouped 

into: London, East Midlands, East of England, North East, North West, Northern Ireland, 

Scotland, South Central, South East Coast, South West, Wales, West Midlands and Yorkshire and 

Humber. Ethnicity was grouped into the 2001 UK census five category classification: White, 

Black, Asian, Other and Mixed. 

Multivariable Poisson regression analysis was carried out to explore the change in incidence by 

calendar year, age group, sex, region and Townsend quintile; adjusting for the other variables 

included in this model. Ethnicity was not included in the model as the data quality was poor with 

missing data in 40% of cases. To fit the Poisson model to calculate a rate ratio, the coefficients 

were exponentiated with person-time specified as the exposure. 



80 

To explore trends in the incidence of malaria recordings over time, annual incidence rates were 

calculated between 2005 and 2016 by age band (Less than 20 years, 20 to 59 years and 60 years 

and older), sex (male and female), geographic region (London, Rest of the UK, Scotland, 

Northern Ireland and Wales), level of deprivation (Townsend 1 and 2, Townsend 3, Townsend 4 

and 5, and those with missing Townsend data) and ethnicity (White, Black, Asian, Other, Mixed 

and those with missing ethnicity data. 

Additionally, a sensitivity analysis was conducted to take into account multiple episodes of 

malaria in the same individual. An individual was considered to have had an additional episode 

of malaria if they had a diagnostic Read code for malaria at least three months after the previous 

recording. In these individuals, the start date used to calculate PYAR commenced three months 

after the date of the previous event, as they were not considered to be at risk during that three 

month period.  

All statistical analyses were carried out using Stata version 14 (153). 

4.4.6 Comparison with National surveillance data 

Data on the number of malaria cases imported to the United Kingdom from 2005 to 2016 by UK 

region was obtained from the PHE Travel and Migrant section. In the absence of an equivalent 

denominator for PYAR to estimate incidence for PHE data, I compared the number of cases by 

year and UK region as a proportion of the total number of cases for each dataset from 2005 to 

2016 to describe the variation in the number of cases identified over time, and their 

geographical spread in THIN compared to those notified to PHE.  

4.4.7 Ethics and data permissions 

THIN data collection has been approved by the South East NHS Multicentre Research Ethics 

Committee. Scientific approval for this study was obtained from the IMS Heath Scientific review 

committee in 2016 (ref: SRC 16THIN056). 
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4.5 Results 

A total of 1,806 individuals with a first diagnosis of malaria were identified in THIN between 2005 

and 2016, with 1,474 cases included in the final analysis after excluding those who were 

miscoded for malaria or were missing sociodemographic data on age or sex. A summary of the 

number of cases identified at each stage of the algorithm is shown in (Figure 4-8). 

Figure 4-8 Number of cases identified by searching the THIN database for malaria related diagnostic Read codes, 
malaria treatment after investigation and prescriptions for ACT. 

 

ACT. Artemesinin-based combination therapy. Figure taken from published manuscript by Bastaki et al and is 
included in full in Appendix F2 for reference. 

4.5.1 Incidence of malaria 

The incidence of recorded malaria followed a decreasing trend dropping from a rate of 3.33 in 

2005 to 1.36 cases per 100,000 person years at risk in 2016 (Figure 4-9). The incidence was 

higher in those aged 20 to 69 compared to those less than 20 years or more than 70 years of age 

(Table 4-1). Men had a higher rate of recorded malaria than women (IRR: 0.72 (95% CI 0.65-

0.80), incidence per 100,000 PYAR: women 1.81 vs men 2.57). General Practices in London and 

the East of England had the highest incidence (6.15 and 2.51 per 100,000 PYAR respectively), 
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while practices in Northern Ireland were 89% less likely to have a recording of malaria compared 

to London (IRR: 0.11 (95% CI 0.07-0.18), incidence per 100,000 PYAR: 0.63) (Table 4-1, Figure 4-

10). Greater deprivation was associated with a higher recording of malaria compared to those 

who were less deprived (IRR: 1.86 (95% CI 1.54-2.25), incidence per 100,000 PYAR; most 

deprived: 3.29, least deprived: 1.48) (Table 4-1). 

Figure 4-9 Malaria incidence in THIN, 2005 to 2016 

 

Figure taken from published manuscript by Bastaki et al and is included in full in Appendix F2 for reference. 
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Table 4-1 Incidence of malaria recordings in THIN by calendar year, age, sex, region and Townsend quin le. †IRR 
adjusted for year, age, sex, region and Townsend score. 

 
Number of 

cases 
PYAR 

(100,000) 
Incidence Unadjusted IRR 

(95% CI) 
Adjusted† IRR 

(95% CI) 
Year      

2005 175 52.50 3.33 Baseline  

2006 178 54.81 3.25 0.97 (0.79-1.20) 0.97 (0.79-1.19) 
2007 155 57.14 2.71 0.81 (0.66-1.01) 0.81 (0.65-1.01) 
2008 151 58.95 2.56 0.77 (0.62-0.96) 0.77 (0.62-0.95) 
2009 130 59.80 2.17 0.65 (0.52-0.82) 0.65 (0.51-0.81) 
2010 127 59.59 2.13 0.64 (0.51-0.80) 0.62 (0.50-0.78) 
2011 134 61.20 2.19 0.66 (0.52-0.82) 0.64 (0.51-0.80) 
2012 83 62.42 1.33 0.40 (0.31-0.52) 0.39 (0.30-0.51) 
2013 124 61.10 2.03 0.61 (0.48-0.77) 0.59 (0.47-0.74) 
2014 93 57.68 1.61 0.48 (0.38-0.62) 0.48 (0.38-0.62) 
2015 68 49.97 1.36 0.41 (0.31-0.54) 0.43 (0.33-0.57) 
2016 56 41.27 1.36 0.41 (0.30-0.55) 0.44 (0.32-0.60) 
Total 1,474 676.43 2.18   

Age      

Less than 10 years 79 70.44 1.12 Baseline  

10 to 19 years 104 73.08 1.42 1.27 (0.95-1.70) 1.32 (0.98-1.77) 
20 to 29 years 249 87.46 2.85 2.54 (1.97-3.27) 2.50 (1.94-3.22) 
30 to 39 years 323 96.89 3.33 2.97 (2.32-3.80) 2.81 (2.20-3.60) 
40 to 49 years 326 101.02 3.23 2.88 (2.25-3.68) 2.92 (2.28-3.74) 
50 to 59 years 213 84.06 2.53 2.26 (1.75-2.92) 2.43 (1.88-3.15) 
60 to 69 years 120 71.45 1.68 1.50 (1.13-1.99) 1.69 (1.27-2.25) 
70 to 79 years 46 50.66 0.91 0.81 (0.56-1.16) 0.91 (0.64-1.31) 
80 to 89 years 9 30.53 0.29 0.26 (0.13-0.52) 0.30 (0.15-0.60) 

90 years and older 5 10.85 0.46 0.41 (0.17-1.01) 0.51 (0.21-1.25) 
Sex 

     

Male 846 329.05 2.57 Baseline  

Female 628 347.37 1.81 0.70 (0.63-0.78) 0.72 (0.65-0.80) 
Region 

     

London 474 77.10 6.15 Baseline  

East Midlands 25 13.74 1.82 0.30 (0.20-0.44) 0.29 (0.20-0.44) 
East of England 95 37.80 2.51 0.41 (0.33-0.51) 0.45 (0.36-0.56) 

North East 27 13.62 1.98 0.32 (0.22-0.48) 0.32 (0.22-0.48) 
North West 80 59.40 1.35 0.22 (0.17-0.28) 0.24 (0.19-0.30) 

Northern Ireland 17 27.14 0.63 0.10 (0.06-0.17) 0.11 (0.07-0.18) 
Scotland 164 97.51 1.68 0.27 (0.23-0.33) 0.30 (0.25-0.36) 

South Central 169 79.79 2.12 0.34 (0.29-0.41) 0.41 (0.34-0.49) 
South East Coast 140 74.18 1.89 0.31 (0.25-0.37) 0.37 (0.31-0.45) 

South West 73 60.50 1.21 0.20 (0.15-0.25) 0.23 (0.18-0.29) 
Wales 71 68.32 1.04 0.17 (0.13-0.22) 0.20 (0.15-0.25) 

West Midlands 126 54.58 2.31 0.38 (0.31-0.46) 0.42 (0.34-0.51) 
Yorkshire & Humber 13 12.75 1.02 0.17 (0.10-0.29) 0.17 (0.10-0.29) 

Townsend quintile      
(Least Deprived) 1 218 147.02 1.48 Baseline  

2 204 132.21 1.54 1.04 (0.86-1.26) 1.03 (0.85-1.25) 
3 290 127.94 2.27 1.53 (1.28-1.82) 1.39 (1.16-1.66) 
4 344 111.25 3.09 2.09 (1.76-2.47) 1.82 (1.53-2.16) 

(Most deprived) 5 248 75.40 3.29 2.22 (1.85-2.66) 1.86 (1.54-2.25) 
Missing 170 82.61 2.06 1.39 (1.14-1.70) 1.15 (0.94-1.42) 

 

†IRR adjusted for year, age, sex, region and Townsend score. 
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Figure 4-10 Rates of malaria recording per 100,000 PYAR by former Strategic Health Authority regions from 2005 to 
2016. 

 

1. Northern Ireland 2. Scotland 3. Wales 4. North West 5. North East 6. Yorkshire and the Humber 7. West Midlands 
8. East Midlands 9. East of England 10. South West 11. South Central 12. London 13. South East Coast. Image 
created with mapchart.net. 
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4.5.2 Malaria incidence by ethnicity 

Ethnicity was poorly recorded in THIN with missing data for 40% of the cases included in the 

analysis (Table 4-2). Amongst those with a recording of ethnicity, those who identify as black 

had the highest incidence while those who identified as white had the lowest (56.14 and 1.40 

per 100,000 PYAR respectively). Those with unrecorded ethnicity data had a similar rate as those 

who identified as white (1.38 vs 1.40 per 100,000 PYAR). 

Table 4-2 Number and proportion of cases with malaria recording in THIN by ethnicity 
 

Number of cases (%) PYAR [100,000] (%) Incidence 

Ethnicity    

Black 432 (29) 7.7 (1) 56.14 

White 312 (21) 220 (32) 1.40 

Asian 114 (8) 13 (2) 8.86 

Other  13 (1) 4.6 (1) 2.83 

Mixed 20(1) 2.4 (<1) 8.51 

Missing 592 (40) 430 (63) 1.38 

Total 1,483† (100) 677.7 (100) 2.19 

 † The total includes the 9 cases with missing demographic informa on. Sensitivity analysis 
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4.5.3 Trends in the incidence of malaria over time by age, sex, geographical region and 

socioeconomic status 

4.5.3.1 Malaria incidence by age group 

The incidence of recorded malaria was highest in younger adults (20 to 59 years) throughout the 

period between 2005 and 2016 and followed a decreasing trend dropping from a rate of 4.48 in 

2005 to 1.96 cases per 100,000 person years at risk in 2016 (Figure 4-11). The incidence rate in 

those who were less than 20 years and those who were aged 60 years and older were similar 

during the study period however the rate of decline in the incidence was more pronounced in 

those aged 60 years and older (Less than 20 years; 2005: 1.74 per 100,000 PYAR, 2016: 0.94 per 

100,000 PYAR. Aged 60 years and older; 2005: 2.03 per 100,000 PYAR, 2016: 0.39 per 100,000 

PYAR). 

Figure 4-11 Malaria incidence in THIN by age group, 2005 to 2016 
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4.5.3.2 Malaria incidence by sex 

The incidence of recorded malaria was higher in males compared to females throughout the 

study period (Male; 2005: 3.65 per 100,000 PYAR, 2016: 1.50 per 100,000 PYAR. Female; 2005: 

3.02 per 100,000 PYAR, 2016: 1.22 per 100,000 PYAR) (Figure 4-12). 

Figure 4-12 Malaria incidence in THIN by sex, 2005 to 2016 
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4.5.3.3 Malaria incidence by geographical region 

The incidence of recorded malaria was highest in London throughout the study period compared 

to the rest of England, Northern Ireland, Scotland and Wales (Figure 4-13). There was a large 

decrease (56%) in the incidence rate in London between 2005 and 2009 dropping from 10.01 to 

4.39 per 100,000 PYAR.  

Figure 4-13 Malaria incidence in THIN by geographical region, 2005 to 2016 
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4.5.3.4 Malaria incidence by level of social deprivation 

The incidence of recorded malaria was higher in those who were most deprived compared to 

those who were least deprived throughout the study period (Least deprived – Townsend 1 and 

2; 2005: 2.11 per 100,000 PYAR, 2016: 0.65 per 100,000 PYAR. Most deprived – Townsend 4 and 

5; 2005: 5.60 per 100,000 PYAR, 2016: 2.70 per 100,000 PYAR) (Figure 4-14). 

 

Figure 4-14 Malaria incidence in THIN by level of social deprivation, 2005 to 2016 

 

  

0

1

2

3

4

5

6

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

In
ci

de
nc

e 
ra

te
 (N

um
be

r o
f c

as
es

 p
er

 1
00

,0
00

 p
er

so
n 

ye
ar

s 
at

 ri
sk

)

Year

Townsend 1 and 2 Townsend 3 Townsend 4 and 5 Missing Townsend



90 

 

4.5.3.5 Malaria incidence by ethnicity 

Between 2005 and 2016, the incidence of recorded malaria was highest in those who were black 

compared to those of other ethnicities (Black; 2005: 111.69 per 100,000 PYAR, 2016: 59.03 per 

100,000 PYAR) (Figure 4-15). The incidence of recorded malaria in those with missing ethnicity 

data and those who were white were similar (White; 2005: 2.78 per 100,000 PYAR, 2016: 0.36 

per 100,000 PYAR. Missing ethnicity data; 2005: 2.42 per 100,000 PYAR, 2016: 0.89 per 100,000 

PYAR). 

Figure 4-15 Malaria incidence in THIN by ethnicity, 2005 to 2016 
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4.5.4 Sensitivity analyses 

The sensitivity analysis looking at antimalarial medication prescribed within 45 days after being 

investigated for malaria to identify malaria cases resulted in 18 fewer cases than using a cutoff 

of 60 days. A table summarising the results is reported in Appendix C-2. There was no significant 

difference in the incidence rate and incidence rate ratios across all categories when a cutoff of 

45 days was used instead of 60 days. 

The sensitivity analysis looking at multiple episodes within the same individual identified nine 

individuals with two episodes and one individual with more than two episodes of recorded 

malaria within the study period. Including these episodes in the analysis had no significant effect 

on the results. 

4.5.5 Comparison with National Surveillance data 

There were a total of 18,833 cases of malaria identified by PHE through the MRL and HPZone 

between 2005 and 2016. Comparing the proportion of cases identified by each dataset per year, 

there was a proportionately larger number of cases identified in THIN between 2005 and 2009 

compared to PHE and a proportionately smaller number of cases in THIN for more recent years 

(2014 to 2016) (Figure 4-16). In terms of region, there was a larger representation of cases from 

London in PHE (57%) compared to THIN (32%) (Figure 4-17). 
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Figure 4-16 Proportion of cases identified per year for each data source, 2005 to 2016 

 

Figure taken from published manuscript by Bastaki et al and is included in full in Appendix F2 for reference. 

Figure 4-17 Proportion of cases identified by UK region for each data source, 2005 to 2016 

 

Figure taken from published manuscript by Bastaki et al and is included in full in Appendix F2 for reference. 

  

0

2

4

6

8

10

12

14

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Pr
op

or
tio

n 
of

 c
as

es
 p

er
 y

ea
r f

or
 e

ac
h 

da
ta

se
t 

(%
)

Year

PHE

THIN

0

10

20

30

40

50

60

70

80

90

100

London Rest of England Northern
Ireland

Scotland WalesPr
op

or
tio

n 
of

 c
as

es
 b

y 
re

gi
on

 fo
r e

ac
h 

da
ta

se
t

UK region

PHE

THIN



93 

4.6 Discussion 

4.6.1 Summary of main findings 

This study showed that the incidence of malaria recordings in primary care significantly 

decreased between 2005 and 2016. Adults of working age were three times as likely to have a 

diagnosis of malaria compared to children and older adults. Men were 28% more likely to have 

a diagnosis of malaria compared to women. London had the highest incidence of malaria in the 

UK and those who were most deprived were 86% more likely to be diagnosed with malaria 

compared to those who were least deprived. 

4.6.2 Interpretation of the results within the context of existing literature 

Findings of this study were similar to other data from the UK (136, 154), however the rate of 

decline in the number of cases over time was more pronounced compared to data from the 

national review for malaria, where annual case numbers have remained stable over the last 10 

years (136).  This could be due in part to the improvement in data quality with regards to the 

completeness of PHE data. Since 2013, cases reported to the PHE case management database 

(HPZone) supplemented the cases identified in the MRL dataset. In addition, the number of 

cases identified in THIN may be underestimated for 2016 since not all practices provided data 

for that year, further contributing to the declining trend. Despite this, it is likely that my findings 

reflect a true decline in the number of genuine cases since 2005. Decreasing global malaria 

incidence (155), decreased transmission of malaria in West Africa (where most cases in the UK 

are acquired) and changing chemoprophylaxis usage have been suggested as possible factors 

contributing to the decline (156, 157).  

Similar to data from national and European surveillance (136, 158), men were more likely to 

present with malaria than women. Previous studies have suggested that gender differences in 

attitudes towards seeking pre-travel health advice (159), poorer adherence to malaria 

chemoprophylaxis (160), increased risk taking behaviour and travel to more remote areas where 

the risk of contracting malaria is higher may account for the male predominance in the number 

of malaria cases (161) . In contrast to this, other studies have shown no gender differences in 

chemoprophylaxis uptake and adherence (162) and suggest that biological host factor 

differences resulting in increased attractiveness to mosquitoes may be responsible for the 

higher rate of malaria in men (160). Although both, behavioural and biological host factors may 

be contributory, the main reason for the difference is likely due to the number of individuals 

who travel as between 2014 and 2016, 17% more men travelled to malaria endemic areas from 

the UK than women (163). Similarly, age differences in malaria rates may also reflect UK travel 
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patterns as a large proportion (75%) of individuals who travelled to malaria endemic areas were 

between 25 to 65 years of age between 2014 and 2016 (163).  

 Although I was unable to adjust for ethnicity in the analysis due to a large amount of missing 

data, the trends in the rates of recordings where data were available was comparable with other 

UK data, showing higher rates in ethnic minorities (Black, mixed, Asian and other, respectively) 

compared to those who were White (136, 154). Additionally, those with missing ethnicity data 

had a similar rate of malaria recording in THIN as those who were white, suggesting that the 

majority of those with missing data were white. Furthermore, those diagnosed with malaria 

could be more likely to have their ethnicity recorded compared to those who are not, resulting 

in an inflated value for the incidence rate amongst ethnic minorities. Also, given that ethnic 

minority populations are more likely to be found in London and are more likely to experience 

deprivation, ethnicity may account for the higher incidence of malaria in London and in those 

who were most deprived (164-166). 

4.6.3 Strengths and limitations of the data sources used in this study 

Use of EHRs for malaria research could provide a complementary role to data obtained through 

passive surveillance. The characteristics of each data source and their respective strengths and 

limitations are summarised in (Table 4-3).  For THIN, the large number of individuals included in 

the analysis allowed me to more accurately compare primary care incidence estimates by age, 

sex, gender, region, socioeconomic status and calendar year. Additionally, the use of routinely 

collected prospective data to estimate incidence potentially captured cases not reported in 

surveillance based incidence estimates, since it relies on clinicians recording a diagnosis of 

malaria regardless of whether it had been notified to PHE or MRL. It also resulted in a more 

accurate estimation of the geographic distribution of cases since the centralised reporting site 

for MRL make it less sensitive to cases resident outside of London (142).   On the other hand, 

relying on clinician recording of the diagnosis also meant that it was difficult to look at the 

incidence of malaria by parasite species since the species of malaria were rarely recorded. 

Moreover, although the algorithm I developed captured cases without a diagnostic code for 

malaria by looking at other variables such as treatment and investigations and excluding those 

who were miscoded for malaria prevention, there still remains a risk of some misclassification if 

a diagnosis of malaria was not considered.  Furthermore, the use of GP records for the analysis 

of incidence meant that the findings are restricted to those registered with a general 

practitioner. Finally, the number of malaria recordings is not a true reflection of incidence since 

only those who travel are at risk of contracting malaria, however, in the absence of reliable data 

regarding travel in THIN, including all individuals when looking at the rate of malaria recordings 
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allowed me to explore trends over time and compare this with surveillance data which also uses 

population level data (136, 158). 
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4.6.4 Limitations related to investigating association by ethnicity in THIN 

Although I was able to report on malaria incidence by ethnicity in those who had ethnicity 

recorded in THIN, the large proportion of individuals with missing data made it difficult to reflect 

on the accuracy of the results of the analysis. Previous research exploring strategies for handling 

missing data in THIN have shown that traditional methods including complete case analysis and 

imputing missing data as white might not be sufficient to handle missing ethnicity data in THIN 

(167). 

A potential method of investigating association by ethnicity could include the use of multiple 

imputation to deal with the missing ethnicity data in THIN. However, standard multiple 

imputation assumes that data are missing at random, while ethnicity data in THIN may not be 

(168). This is because individuals of ethnic minorities might be more or less likely to have a 

recording of their ethnicity compared to those who are white, ie, a missing not at random 

mechanism. This is because the recording of ethnicity may vary across ethnic group, even after 

other factors associated with ethnicity recording in primary care have been accounted for. In 

addition, the proportion of those with missing ethnicity data is quite high which would increase 

the uncertainty of the result with imputed data (169).  

An approach of addressing the missing not at random ethnicity data could include augmenting 

standard multiple imputation with additional information about the distribution of ethnicity 

from an appropriate external data source (e.g. census data) (167). However, special 

consideration on the choice of the external data source is needed as the breakdown of ethnicity 

in the data source needs to be sufficiently representative of the breakdown of ethnicity in the 

cases of malaria identified in THIN, which census data may not be. Future research is needed to 

have a better understanding of the application of this method in reducing bias arising from 

missing ethnicity data. 
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4.6.5 Limitations related to the comparison of cases identified in THIN and National 
surveillance 

The lack of a denominator in my comparison of THIN and PHE data meant that variations over 

time could either reflect changes in the number of cases identified; or changes in the number of 

individuals where the cases derived from. Therefore when interpreting my findings, I had to 

consider how improvements in case ascertainment in PHE (i.e. the supplementation of cases 

identified by HPZone to those identified by MRL since 2013; increasing the numerator without 

affecting the denominator) and changes in the number of contributing practices over time in 

THIN (i.e. incomplete data from practices in THIN in 2016) could have affected the results. 

Although a more accurate comparison would have taken the population where each of the cases 

are derived from into account, identifying an appropriate (comparable) denominator for both 

data sources was challenging. I had explored using population level data (UK census) as a 

denominator for PHE, however the incidence rates would not be comparable with incidence 

rates calculated in THIN which use person years at risk (PYAR) as a denominator. I also explored 

using number of active individuals per year in THIN by looking at those who had at least one 

consultation in a year. However, this would underestimate the number of patients registered, 

as individuals who do not contact their GP for a prolonged period (i.e in the previous year) would 

be censored due to inactivity when they were actually well and did not need to attend. Studies 

which have used yearly contact as a denominator report that it under-represents young males 

(aged 12 to 34 years) when compared to the number of individuals registered in a practice (170). 

This unrepresentativeness would also result in an unreliable comparison. 
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Table 4-3 A table summarising the characteristics, strengths and limitations of using PHE data and Primary Care EHR (THIN) data 
 

PHE THIN 
Data source Passive surveillance through MRL (supplemented by HPZone since 2013) (136) Primary care electronic health records 

Case definition for malaria case Parasitological confirmation of diagnosis by blood film or tissue histology. 
Cases treated presumptively or diagnosed by other methods (e.g. antigen 
based) are not included (16). 

Indicated by diagnostic codes for malaria, or a combination of investigation 
and treatment codes 

Coverage and 
representativeness of sample 

UK population (136) Coverage of around 6% of the UK population and has been shown to be 
broadly representative of the UK population (134) 

Data quality and type of data 
available 

Data collected solely for malaria surveillance capturing important variables 
related to malaria e.g. parasite species, ethnicity, travel history, 
chemoprophylaxis and treatment. 

Primary use of EHR’s is patient management and data will reflect only those 
relevant to patient care. 
Good quality of recordings for investigations and prescriptions. 
Poor quality of data on parasite species, ethnicity and travel history. 

Timeliness of annual reporting Annual data is published six months after the end of the year (e.g. Annual 
report for 2016 available online August 2017) 

Data is collected from participating general practices every three months by 
the data provider (IMS health), who then provide access to the data for 
researchers through a license. 

Strengths  Most complete source of information about malaria in the UK 
 Data is collected in a standardised way 
 High specificity for identifying malaria cases 

 Does not rely on notification of cases. 
 Availability of data on malaria investigation and treatment allows 

cases to be identified even when a diagnosis is not coded. 
 Data is available on the sequence of care prior to a diagnosis of 

malaria, allowing investigation into potential missed opportunities 
for diagnosis and treatment. 

 More accurate estimation of geographical distribution of cases 
 Can explore associations for contracting malaria in variables not 

captured by the PHE malaria form 

Limitations  Relies on notification - only 56% of cases captured by surveillance 
system 

 Data available is restricted to what is collected in the Patient 
report/referral form 

 Centralised reporting site – More sensitive to cases resident in 
London (142) 
 

 Miscoding, misclassification and misdiagnosis – These can be 
minimised by using recorded data from a consultation to exclude 
common coding errors (e.g. Miscoding malaria for malaria 
prophylaxis can be excluded by identifying prescriptions which are 
prescribed prior to travel) 

 Does not capture those not registered with a GP 
 Relies on practices using a specific IT system (INPS vision). 

Regional variation in the transition of practices to other IT systems 
can affect the representativeness of the sample over time. 

Table 4-3 continued. Table taken from published manuscript by Bastaki et al and is included in full in Appendix F2 for reference. 
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4.7 Context of this chapter in overall work 

In this chapter, I have described an algorithm used to identify cases of malaria in THIN and the 

generation of a malaria cohort. I have explored trends in malaria recording over time in the 

generated cohort and showed that there has been a decrease in recordings over the past 

decade. This decrease exceeds the rate of decline reported in national surveillance data; 

however there are similar associations with age, sex and deprivation. The implications of the 

findings from this chapter on clinical and public health practice and policy and future research 

directions will be discussed in Chapter 7. Furthermore, the malaria cases identified in this 

chapter will be used as the participants for the Self-controlled cases series study which is 

described in Chapter 6. In the next chapter, I will explore trends in the prescribing of malaria 

chemoprophylaxis medication in primary care using data from THIN. 
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Chapter 5. Trends in malaria chemoprophylaxis prescribing in UK 
primary care 

5.1 Chapter overview 

In this chapter, I will examine prescribing patterns for the three main medications used to 

prevent malaria between 2005 and 2016. I will also compare the characteristics of individuals 

prescribed each of these medications. Having investigated trends in malaria recordings in the 

previous chapter, findings from this Chapter will help me gain insight into how the characteristics 

of those who have a recording of malaria compare with those who have a recording for a 

medication used to prevent malaria. 

5.2 Study background 

Malaria chemoprophylaxis is an effective method of preventing malaria in travellers (171). It is 

usually prescribed during a pre-travel health consultation after assessment of an individual’s 

risk of acquiring malaria. In the UK, primary care is an important setting for delivering pre-

travel health advice (70). Analysis of data from primary care electronic health records could 

provide “real world” insights into malaria chemoprophylaxis prescribing over time. 

5.3 Aim:  

 To determine changes in prescribing patterns in UK primary care for malaria 

chemoprophylaxis between 2005 and 2016. 

5.4 Objectives: 

 To identify recordings for atovaquone-proguanil, mefloquine and doxycycline 

prescribed in primary care between 2005 and 2016. 

 To identify whether the indication for the prescribed medication is for treatment of 

malaria, chemoprophylaxis for malaria or prescribed for a non-malaria indication. 

 To describe the changes in UK primary care prescription patterns for malaria 

chemoprophylaxis from 2005 to 2016. 

 To investigate the association between age, sex, Townsend quintile and GP location, 

and, prescriptions for malaria chemoprophylaxis 

5.5 Methods 

5.5.1 Data source 

The THIN dataset was used for this study (See Chapter 3).  
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5.5.2 Participants 

All individuals aged 0–99 years that were registered with a general practice contributing data 

between 2005 and 2016 were included in the analysis. 

5.5.3 Medications used for malaria prophylaxis 

For this study, I focused on atovaquone-proguanil, mefloquine and doxycycline which have been 

the three medications predominantly prescribed for the prevention of malaria in travellers 

during the study period (2005 – 2016). Chloroquine was not included as it has not been 

recommended for travellers since 2001 due to extensive chloroquine resistance (with the 

exception of travellers to Haiti and Yemen) (53). A code list was created for each of the 

medications in order to identify individuals in the Therapy records that were prescribed any of 

these medications (Appendix D-1). The process I used to identify prescriptions indicated for 

malaria prophylaxis for each medication is described below: 

5.5.3.1 Atovaquone-Proguanil 

Atovaquone-proguanil can be prescribed for both treatment and prophylactic indications (42, 

54). To identify prescriptions for prophylaxis, an algorithm was developed to infer whether a 

particular prescription in THIN was indicated for prophylaxis or treatment (Figure 5-1). The 

following two processes were incorporated into the algorithm to exclude prescriptions indicated 

for treatment: 

 Diagnosis of malaria in the previous two months: A Read code list developed previously 

(Section 4.4.4) was used to identify cases of malaria. Atovaquone-proguanil 

prescriptions with a malaria related Read code in the preceding two months were 

considered to be for treatment and were excluded. 

 Investigation for malaria in the previous two months: A Read code list developed 

previously (Section 4.4.4) was used to identify investigations for malaria. Atovaquone-

proguanil prescriptions with an investigation for malaria in the preceding two months 

were considered to be for treatment and were excluded. 
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Figure 5-1 Algorithm used to infer whether a recording for an antimalarial in The Health Improvement Network is 
indicated for treatment or prophylaxis. 

 

 

5.5.3.2 Mefloquine 

Similar to atovaquone-proguanil, mefloquone can also be used to prevent or treat malaria. 

However, although it is effective at treating malaria, poor adherence and a higher rate of 

adverse drug events compared to other malaria treatment options has meant that it is not 

recommended for the treatment of malaria in the UK (42, 172). Though mefloquine is mainly 

prescribed for prevention, the same algorithm was used to exclude prescriptions with a 

preceding investigation or diagnosis of malaria in the previous two months (Figure 5-1). 

5.5.3.3 Doxycycline 

In addition to prevention and treatment of malaria, doxycycline is also widely used in the 

management of other non-malaria conditions (e.g. acute sinusitis, acne, chest and urinary tract 

infections) (149). To more accurately capture malaria prophylaxis prescriptions only, the 

following processes were incorporated in the algorithm described earlier to exclude (Figure 5-

2): 

 Exclude prescriptions with a duration of less than 28 days: For prophylaxis, doxycycline 

needs to be started 1-2 days before travel to a malaria endemic country, taken daily for 

the duration of the trip and continued for 4 weeks after return from travel (54). 

Therefore, prescriptions with a duration of less than 28 days were excluded as they 

would more likely be for other indications. 
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 Recent diagnosis of a condition where doxycycline can be used for treatment: A Read 

code list to identify non-malaria conditions where doxycycline may be prescribed was 

developed based on the British National Formulary indications for treatment (Appendix 

D-1) (149). A second Read code list was developed to identify those with a diagnosis of 

acne as some individuals with acne continue treatment for up to 4 years and repeat 

doxycycline prescriptions could be related to the initial diagnosis (173). Doxycycline 

prescriptions with an acne Read code in the preceding 4 years were excluded. A shorter 

period of 2 months prior to a doxycycline prescription was used to exclude prescriptions 

for other conditions on the code list. 

Figure 5-2 Algorithm used to infer whether a recording doxycycline in The Health Improvement Network is indicated 
for treatment of malaria, prophylaxis to prevent malaria or to treat a non-malaria condition. 
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5.5.4 Analysis 

5.5.4.1 Malaria Chemoprophylaxis prescription rate 

The overall prophylactic prescription rate for atovaquone-proguanil, mefloquine and 

doxycycline was estimated per 1,000 person years at risk (PYAR). This was determined by 

totalling the number of recorded prescriptions for each drug between 2005 and 2016, and then 

dividing this number by the total person years of follow-up for all patient records for this period. 

Drugs recorded within two months of their previous prescription for a patient were censored, 

as they were assumed to be related to the same trip. The start date used to calculate the total 

PYAR for each prescription was the latest of: 

 The date the individual registered with their current general practice 

 The date the practice reached AMR 

 The date the practice reached ACU 

 The 1st of January 2005 

 In individuals with multiple prescriptions, a period of 2 months after the date of the 

previous prescription. 

The end date used to calculate the total PYAR for each participant was the earliest of: 

 The date the individual transferred to a different practice to the one included in the 

analysis. 

 The date of death recorded in the practice. 

 The last date the practice contributed data to THIN. 

 The date that the prescription for malaria prophylaxis was recorded 

 The 31st of December 2016 

5.5.4.2 Comparison of total prescriptions of doxycycline and prescriptions of doxycycline 
for chemoprophylaxis 

In the absence of external data to assess the validity of the algorithm used to infer an indication 

for a doxycycline prescription in THIN, and given the vast number of indications that doxycycline 

can be prescribed for, I decided to crudely compare the change in the prescription rate for all 

doxycycline prescriptions to the prescription rate for doxycycline prescriptions identified by the 

algorithm for prophylaxis between 2005 and 2016. The doxycycline prescription rate (any 

indication) was estimated by totalling all doxycycline prescriptions between 2005 and 2016, and 
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then dividing this number by the total person years of follow-up for all patient records for this 

period. 

 

5.5.4.3 Comparison of pre-travel consultation rate and malaria chemoprophylaxis 
prescription rate 

 

Given that malaria chemoprophylaxis is mainly prescribed during consultations for pre-travel 

advice, changes in the prescription rate for malaria chemoprophylaxis over time could be 

affected by changes in the setting where travellers seek pre-travel advice from (i.e. GP, private 

travel clinic or pharmacy). To provide further insight into this, a Read code list was created to 

identify pre-travel advice consultations (Appendix D-1). I then crudely compared the trends in 

the pre-travel consultation rate and the malaria chemoprophylaxis prescription rate between 

2005 and 2016 and presented it graphically (Section 5.6.3). The pre-travel advice consultation 

rate was estimated in a similar way to the prescription rate described above; by totalling the 

number of pre-travel consultations between 2005 and 2016, and then dividing this number by 

the total person years of follow-up for all patient records for this period.  

5.5.4.4 Investigating association between age, sex, Townsend score and GP location and 
prescriptions for malaria chemoprophylaxis 

An individual can receive multiple prescriptions for malaria chemoprophylaxis during the study 

period, and prescription trends change over time. It was therefore important for me to identify 

a statistical model that could model recurrent events in the same individual, as opposed to 

looking at the time to the first antimalarial chemoprophylaxis for each individual with 

subsequent prescriptions being censored. 

Several models were explored for suitability and practicality and are described in Appendix D-2. 

The Anderson-Gill (AG) model was judged the most suitable statistical model for this analysis 

(174). The AG model is an extended Cox model used to analyse recurrent events within a subject, 

whereas traditional Cox models are used for unique or first events within the same individual. 

This model uses a variance correction technique to avoid inflation of variables that occur within 

the same individual. It also allowed me to include a discontinuous risk period in individuals with 

multiple prescriptions (i.e. an individual does not contribute person-time for a period of 2 

months after the previous prescription, as prescriptions during this period are likely related to 

the same trip the previous prescription was indicated for). Regression modelling was carried out 

to explore the change in prescription rate for each medication (atovaquone-proguanil, 

mefloquine and doxycycline) by age group (less than 18 years, 18 to 65 years, and greater than 
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65 years), sex (male and female), year band of prescription (2005 to 2008, 2009 to 2012 and 

2013 to 2016), region (based on former Strategic Health Authority location: London, East 

Midlands, East of England, North East, North West, Northern Ireland, Scotland, South Central, 

South East Coast, South West, Wales, West Midlands, and Yorkshire and Humber) and level of 

social deprivation (Townsend score quintile: 1 being the least deprived and 5 indicating the 

greatest degree of deprivation). Hazard ratios were adjusted for sex, year band of prescription, 

deprivation and region of practice and stratified by age group. 

For this analysis, I performed a complete-case analysis and individuals with missing Townsend 

scores were excluded. For a sensitivity analysis, I included those with missing Townsend quintile 

and have presented the results in Appendix D-3 and D-4. 

Relevant data from all practices were appended to a single file to run the analysis. 

5.5.5 Ethics 

THIN data collection has been approved by the South East NHS Multicentre Research Ethics 

Committee. Scientific approval for this study was obtained from the IMS Heath Scientific review 

committee in 2016 (ref: SRC 16THIN056). 
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5.6 Results 

Between 2005 and 2016, there were a total of 336,835 recordings for atovaquone-proguanil, 

mefloquine and doxycycline prescriptions identified for prophylaxis in THIN. Atovaquone-

proguanil was the most commonly prescribed medication (194,110 prescriptions in 151,156 

individuals), followed by doxycycline (108,365 prescriptions in 76,053 individuals) and 

mefloquine (34,360 prescriptions in 25,358 individuals). The number of prescriptions identified 

for indications other than malaria prophylaxis is summarised in Figure 5-3. 

 

Figure 5-3 A flowchart summarising the number of recording identified for malaria prophylaxis in The Health 
Improvement Network. 
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5.6.1 Malaria Chemoprophylaxis prescription rate over time 

The prescription rate for atovaquone-proguanil and mefloquine decreased over time between 

2005 and 2016 by 54% and 73% respectively (atovaquone-proguanil; 2005: 2.82 prescriptions 

per 1,000 PYAR, 2016: 1.29 prescriptions per 1,000 PYAR. Mefloquine; 2005: 0.70 prescriptions 

per 1,000 PYAR, 2016: 0.19 prescriptions per 1,000 PYAR). The prescription rate remained 

relatively stable for doxycycline (2005: 1.66 prescriptions per 1,000 PYAR, 2016: 1.71 

prescriptions per 1,000 PYAR) (Figure 5-4).  

Figure 5-4 Malaria prophylaxis recordings in THIN between 2005 and 2016 

 

The bar graph represents the number of prescriptions for each medication. The line graph represents the 
prescription rate for each medication.   
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5.6.2 Comparison of total prescriptions of doxycycline and prescriptions of doxycycline 
for chemoprophylaxis 

There were a total of 1,463,531 prescriptions of doxycycline for all indications between 2005 

and 2016 with 108,365 (7%) identified as being for prophylaxis. The prescription rate for all 

indications of doxycycline increased over time (2005: 13.0 prescriptions per 1,000 PYAR, 2016: 

36.5 prescriptions per 1,000 PYAR) while the prescription rate for prophylaxis remained 

relatively stable (Figure 5-5). However when looking at the total number of doxycycline 

prescriptions per year, there was a decrease in the proportion of prescriptions indicated for 

prophylaxis from 12.5% in 2005 (8,824 out of 68,904 doxycycline prescription) to 5.1% in 2016 

(7,088 out of 140,089 doxycycline prescriptions). 

Figure 5-5 Comparison of total doxycycline recordings and doxycycline recordings identified as being for malaria 
prophylaxis in THIN between 2005 and 2016. 
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5.6.3 Comparison of pre-travel consultation rate and malaria chemoprophylaxis 
prescription rate 

There were a total of 1,062,359 consultations for pre-travel advice recorded in THIN between 

2005 and 2016. Annual pre-travel consultation rates remained relatively stable between 2005 

and 2011 with a marked decrease in the number of consultations in 2012 (Figure 5-6). Since 

2012, annual pre-travel consultations continued to gradually decrease over time. 

 

Figure 5-6 Comparison of pre-travel consultation rate and malaria chemoprophylaxis prescription rate in THIN 
between 2005 and 2016. 
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5.6.4 Association between age, sex, Townsend score and GP location and prescriptions 
for malaria chemoprophylaxis 

After excluding those with missing Townsend quintile, there were a total of 306,758 

prescriptions for atovaquone-proguanil, mefloquine and doxycycline malaria prophylaxis 

identified in THIN between 2005 and 2016 (Figure 5-7). Results of the complete-case Anderson-

Gill analysis are summarised in Table 5-1 to 5-3 and are described below. Results of the analysis 

including those with missing data for their Townsend quintile are summarised in Appendix D-3 

and D-4. 

 

Figure 5-7 A flowchart summarising the number of recording identified for malaria prophylaxis in The Health 
Improvement Network, excluding those with missing Townsend Scores 

 

 

 

5.6.5 Main analysis 

After adjusting for the other covariates, a small positive association was found between having 

a recording for a prescription of atovaquone-proguanil and being female compared to male [HR: 

1.05, (95%CI 1.03-1.06)]. This indicated that women were 5% more likely to receive a 

prescription of atovaquone-proguanil than men, after adjusting for the year the individual had 

received the prescription; the region of the general practice where the prescription was 
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recorded; and the individual’s socioeconomic status. A similar positive association was found 

between having a recording for a prescription of mefloquine and being female compared to 

male [HR: 1.03 (95%CI 1.00-1.07)]. Conversely, a negative association was found between having 

a recording for a prescription of doxycycline and being female compared to male [HR: 0.89, 

(95%CI 0.87-0.91)] indicating that women were 11% less likely to receive a prescription for 

doxycycline compared to men. 

There was a negative association between having a recording for a prescription of atovaquone-

proguanil and being registered with a general practice outside London. Individuals registered in 

Northern Ireland and Scotland were 68% and 67% less likely to have a recording for atovaquone-

proguanil compared to London, respectively [Northern Ireland: HR: 0.32, (95%CI 0.31-0.34); 

Scotland: HR: 0.33, (95%CI 0.32-0.34)]. A similar trend was observed for mefloquine, with 

individuals in Northern Ireland and Scotland being the least likely to have a recording of it 

compared to London [Northern Ireland: HR: 0.11, (95%CI 0.10-0.13); Scotland: HR: 0.10, (95%CI 

0.10-0.11)]. The opposite was found for doxycycline, where a positive association was observed 

in those registered in Northern Ireland and Scotland compared to London [Northern Ireland: HR: 

1.96 (95%CI 1.86-2.06) Scotland: HR: 1.50 (95%CI 1.44-1.56)]. However, a negative association 

was observed for doxycycline in other regions outside London, compared to London. 

Those who were most deprived were 77% less likely to have a recording for a prescription of 

atovaquone-proguanil compared to those who were least deprived [HR: 0.33, (95%CI 0.32-

0.34)]. For mefloquine, those who were most deprived were 74% more likely to have a recording 

for a prescription of mefloquine compared to the least deprived [HR: 1.74 (95%CI 1.65-1.83)]. 

Although not as marked as atovaquone-proguanil, there was a negative association found 

between having a recording for doxycycline and being more deprived compared less deprived 

[most vs. least deprived: HR: 0.87 (95% CI 0.83-0.91)]. 

For both, atovaquone-proguanil and mefloquine, the rate of decline in the prescription rate was 

greater from 2009-2012 to 2013-2016 (Atovaquone-proguanil; 2009-2012: 3.35 prescriptions 

per 1,000 PYAR, 2013-2016: 2.01 prescriptions per 1,000 PYAR. Percentage decrease in the 

prescription rate: 40%. Mefloquine; 2009-2012: 0.49 prescriptions per 1,000 PYAR, 2013-2016: 

0.32 prescriptions per 1,000 PYAR. Percentage decrease in the prescription rate: 35%) compared 

to 2005-2008 and 2009-2012 (Atovaquone-proguanil; 2005-2008: 3.62 prescriptions per 1,000 

PYAR, 2009-2012: 3.35 prescriptions per 1,000 PYAR. Percentage decrease in the prescription 

rate: 7%. Mefloquine; 2005-2008: 0.66 prescriptions per 1,000 PYAR, 2009-2012: 0.49 

prescriptions per 1,000 PYAR. Percentage decrease in the prescription rate: 26%). 
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Table 5-1 A table summarising the rate of atovaquone-proguanil recordings in THIN and the association between 
calendar year, sex, region, Townsend quintile and prescription rate. 
 

Number of 
individuals 

Number of 
Prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Adjusted† HR 
(95% CI) 

Atovaquone-
Proguanil 

 
    

Total 138,236 178,259 58,800 3.03 - 

Year      

2005 to 2008 55,910 71,642 19,783 3.62 Reference 

2009 to 2012 53,956 70,667 21,124 3.35 0.93 (0.92-0.94) 

2013 to 2016 28,370 35,950 17,893 2.01 0.59 (0.58-0.60) 

Sex     
 

Male 65,654 85,864 28,653 3.00 Reference 

Female 72,582 92,395 30,146 3.06 1.05 (1.03-1.06) 

Region     
 

London 22,846 28,917 6,078 4.76 Reference 

East Midlands 3,437 4,362 1,260 3.46 0.54 (0.51-0.56) 

East of England 10,084 12,780 3,287 3.89 0.67 (0.65-0.68) 

North East 2,344 3,076 1,256 2.45 0.48 (0.46-0.51) 

North West 10,367 13,518 5,510 2.45 0.44 (0.43-0.46) 

Northern Ireland 2,904 3,864 2,399 1.61 0.32 (0.31-0.34) 

Scotland 10,353 13,298 8,530 1.56 0.33 (0.32-0.34) 

South Central 21,981 28,891 7,108 4.06 0.69 (0.67-0.70) 

South East Coast 18,662 24,326 6,303 3.86 0.68 (0.67-0.70) 

South West 12,923 16,695 5,369 3.11 0.53 (0.51-0.54) 

Wales 9,540 12,064 5,461 2.21 0.42 (0.41-0.43) 

West Midlands 10,736 13,911 5,066 2.75 0.49 (0.48-0.51) 

Yorkshire & Humber 2,059 2,557 1,172 2.18 0.37 (0.36-0.39) 

Townsend Quintile      

(Least Deprived) 1 49,793 65,551 14,479 4.53 Reference 

2 34,188 44,717 13,073 3.42 0.79 (0.77-0.80) 

3 27,270 34,796 12,683 2.74 0.61 (0.60-0.62) 

4 18,093 22,422 11,056 2.03 0.45 (0.45-0.46) 

(Most deprived) 5 8,892 10,773 7,509 1.43 0.33 (0.32-0.34) 

THIN: The Health Improvement Network. PYAR: Person Years at Risk. HR: Hazard ra o (†HR adjusted for year, sex, 
region and Townsend quintile). 
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Table 5-2 A table summarising the rate of mefloquine recordings in THIN and the association between calendar 
year, sex, region, Townsend quintile and prescription rate 

 
Number of 
individuals 

Number of 
Prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Adjusted† HR 
(95% CI) 

Mefloquine      

Total 21,646 29,471 59,287 0.50 - 

Year      

2005 to 2008 10,034 13,129 19,850 0.66 Reference 

2009 to 2012 7,405 10,465 21,325 0.49 0.74 (0.72-0.76) 

2013 to 2016 4,207 5,877 18,111 0.32 0.52 (0.51-0.54) 

Sex      

Male 10,366 14,358 28,890 0.50 Reference 

Female 11,280 15,113 30,397 0.50 1.03 (1.00-1.07) 

Region      

London 8,003 11,256 6,138 1.83 Reference 

East Midlands 483 625 1,269 0.49 0.26 (0.23-0.29) 

East of England 1,778 2,354 3,322 0.71 0.42 (0.39-0.45) 

North East 205 276 1,265 0.22 0.11 (0.10-0.14) 

North West 1,439 1,926 5,547 0.35 0.20 (0.18-0.21) 

Northern Ireland 366 464 2,411 0.19 0.11 (0.10-0.13) 

Scotland 1,174 1,526 8,567 0.18 0.10 (0.10-0.11) 

South Central 2,106 2,867 7,191 0.40 0.25 (0.24-0.27) 

South East Coast 1,657 2,353 6,379 0.37 0.23 (0.22-0.25) 

South West 1,402 1,844 5,417 0.34 0.20 (0.19-0.22) 

Wales 957 1,244 5,502 0.23 0.14 (0.13-0.15) 

West Midlands 1,743 2,294 5,103 0.45 0.26 (0.25-0.28) 

Yorkshire & Humber 342 442 1,177 0.38 0.20 (0.18-0.23) 

Townsend quintile      

(Least Deprived) 1 4,231 5,899 14,680 0.40 Reference 

2 3,703 5,012 13,202 0.38 0.94 (0.89-0.99) 

3 4,336 5,901 12,775 0.46 1.02 (0.96-1.08) 

4 4,646 6,272 11,107 0.56 1.20 (1.14-1.27) 

(Most deprived) 5 4,730 6,387 7,523 0.85 1.74 (1.65-1.83) 

THIN: The Health Improvement Network. PYAR: Person Years at Risk. HR: Hazard ra o (†HR adjusted for year, sex, 
region and Townsend quintile).  
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Table 5-3 A table summarising the rate of doxycycline recordings in THIN and the association between calendar 
year, sex, region, Townsend quintile and prescription rate 

 
Number of 
individuals 

Number of 
Prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Adjusted† HR 
(95% CI) 

Doxycycline      

Total 69,024 99,028 59,054 1.68  
Year      

2005 to 2008 22,556 32,230 19,813 1.63 Reference 
2009 to 2012 23,925 34,947 21,244 1.65 0.99 (0.97-1.01) 
2013 to 2016 22,543 31,851 17,997 1.77 0.99 (0.97-1.01) 

Sex      

Male 34,883 51,158 28,771 1.78 Reference 

Female 34,141 47,870 30,282 1.58 0.89 (0.87-0.91) 
Region      

London 7,958 10,690 6,130 1.74 Reference 
East Midlands 1,309 1,856 1,266 1.47 0.80 (0.74-0.87) 

East of England 2,883 3,833 3,316 1.16 0.64 (0.60-0.68) 
North East 1,136 1,645 1,260 1.31 0.72 (0.66-0.80) 

North West 4,654 6,726 5,532 1.22 0.67 (0.63-0.71) 
Northern Ireland 5,366 8,289 2,386 3.47 1.96 (1.86-2.06) 

Scotland 14,336 23,237 8,507 2.73 1.50 (1.44-1.56) 

South Central 7,596 10,266 7,165 1.43 0.78 (0.74-0.81) 
South East Coast 6,081 8,553 6,357 1.35 0.75 (0.71-0.78) 

South West 5,073 6,845 5,401 1.27 0.69 (0.66-0.73) 

Wales 6,512 8,803 5,473 1.61 0.87 (0.83-0.91) 
West Midlands 4,782 6,382 5,087 1.25 0.69 (0.66-0.73) 

Yorkshire & Humber 1,338 1,903 1,173 1.62 0.90 (0.83-0.98) 
Townsend Quintile      

(Least Deprived) 1 16,547 23,679 14,619 1.62 Reference 

2 15,549 22,928 13,144 1.74 0.99 (0.96-1.03) 
3 15,318 21,945 12,721 1.73 0.97 (0.94-1.00) 

4 12,893 18,014 11,067 1.63 0.91 (0.88-0.94) 
(Most deprived) 5 8,717 12,462 7,503 1.66 0.87 (0.83-0.91) 

THIN: The Health Improvement Network. PYAR: Person Years at Risk. HR: Hazard ra o (†HR adjusted for year, sex, 
region and Townsend quintile). 
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5.6.6  Prescription rate results by age band 

Prescription rates and adjusted Hazard Ratios for atovaquone-proguanil, mefloquine and 

doxycycline by age band are summarised in Tables 5-4, 5-5 and 5-6. More detailed tables 

including data on the number of individuals, number of prescriptions and person-time 

contributions for each category are presented in Appendix D-5. 

Prescription rates were highest in those between 18 and 64 years of age for atovaquone-

proguanil (3.77 prescriptions per 1,000 PYAR), doxycycline (2.02 prescriptions per 1,000 PYAR) 

and mefloquine (0.55 prescriptions per 1,000 PYAR). However, for mefloquine, prescription 

rates in those less than 18 years old were similar to those between 18 and 64 years of age (0.55 

prescriptions per 1,000 PYAR). 

In terms of trends over time, although there was a negative association found between having 

a recording for prescriptions of malaria chemoprophylaxis in recent compared to prior years for 

most age categories, there was a positive association found between having a prescription for 

atovaquone-proguanil in 2013-2016 compared to 2005-2008 in those less than 18 years of age 

[HR: 1.04 (95%CI 1.00-1.08)]. This indicated that children aged less than 18 years were 4% more 

likely to receive a prescription for atovaquone-proguanil in 2013-2016 compared to 2005-2008. 

There was also a positive association found for doxycycline prescriptions in those aged 65 years 

and older; they were 50% more likely to have a doxycycline prescription in 2013-2016 compared 

to 2005-2008 [HR: 1.50 (95%CI 1.42-1.59)]. 

There were weak associations found when looking at the prescription rates by sex in those less 

than 65 years old for all three medications. Conversely, in those aged 65 years and older, there 

was a more pronounced negative association in females compared to males [atovaquone-

proguanil; HR: 0.81 (95%CI 0.78-0.84), mefloquine; HR: 0.70 (95%CI 0.61-0.80), and 

doxyxcycline; HR: 0.69 (95%CI 0.65-0.73)]. 

Results of the analysis by age group for UK region were similar to the results of the overall 

analysis with negative associations found between having a recording for atovaquone-proguanil 

or mefloquine and being registered with a general practice outside London across all age 

categories. Similarly, a positive association was found between having a recording of doxycycline 

and being registered in a practice in Northern Ireland and Scotland across all age categories. 

Likewise, results of the analysis by age group for socioeconomic status were similar to the results 

of the overall analysis with those who were most deprived more likely to be prescribed 

mefloquine compared to those who were least deprived across all groups; and with atovaquone-

proguanil more likely to be prescribed in those who were least deprived across all age categories.
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Table 5-4 A table summarising the rate of atovaquone-proguanil recording in THIN and the association between calendar year, sex, region, Townsend quintile and prescription rate, by age group 

Atovaquone-Proguanil Less than 18 years (n = 19,645) 18 to 64 years (n = 137,895) 65 years and older (n = 20,719) 
 

Prescription rate  
Adjusted† HR 

(95% CI) 
Prescription rate 

Adjusted† HR 
(95% CI) 

Prescription rate 
Adjusted† HR 

(95% CI) 
Overall 1.74 - 3.77 - 1.89 - 

Year   
 

 
 

 
2005 to 2008 1.63 Reference 4.66 Reference 2.11 Reference 
2009 to 2012 1.91 1.16 (1.12-1.20) 4.16 0.90 (0.89-0.91) 2.08 0.99 (0.96-1.02) 
2013 to 2016 1.67 1.04 (1.00-1.08) 2.29 0.52 (0.51-0.53) 1.47 0.73 (0.70-0.76) 

Sex   
 

 
 

 
Male 1.67 Reference 3.61 Reference 2.29 Reference 

Female 1.82 1.10 (1.06-1.14) 3.93 1.08 (1.06-1.09) 1.59 0.81 (0.78-0.84) 
Region   

 
 

 
 

London 3.32 Reference 5.70 Reference 2.41 Reference 
East Midlands 1.44 0.36 (0.32-0.41) 4.41 0.55 (0.52-0.57) 2.45 0.74 (0.65-0.84) 

East of England 2.21 0.58 (0.54-0.62) 4.97 0.68 (0.66-0.70) 2.09 0.71 (0.65-0.78) 
North East 1.59 0.46 (0.40-0.52) 3.00 0.48 (0.45-0.51) 1.48 0.55 (0.47-0.64) 

North West 1.29 0.34 (0.32-0.37) 3.05 0.45 (0.44-0.46) 1.67 0.55 (0.50-0.60) 
Northern Ireland 0.71 0.20 (0.17-0.22) 2.05 0.34 (0.32-0.36) 1.09 0.41 (0.36-0.47) 

Scotland 1.13 0.32 (0.30-0.34) 1.83 0.32 (0.31-0.33) 1.05 0.41 (0.38-0.45) 
South Central 2.39 0.58 (0.55-0.62) 5.13 0.69 (0.68-0.71) 2.45 0.85 (0.79-0.91) 

South East Coast 2.28 0.58 (0.55-0.62) 4.83 0.69 (0.67-0.70) 2.45 0.83 (0.76-0.89) 
South West 1.50 0.38 (0.35-0.40) 3.95 0.53 (0.52-0.55) 2.15 0.71 (0.66-0.77) 

Wales 0.91 0.24 (0.23-0.27) 2.82 0.44 (0.43-0.46) 1.44 0.49 (0.45-0.54) 
West Midlands 1.43 0.38 (0.35-0.41) 3.41 0.50 (0.48-0.52) 1.89 0.63 (0.58-0.69) 

Yorkshire & Humber 1.02 0.28 (0.24-0.32) 2.85 0.39 (0.37-0.41) 1.23 0.42 (0.36-0.50) 
Townsend Quintile       

(Least Deprived) 1 2.46 Reference 5.63 Reference 3.11 Reference 
2 1.83 0.75 (0.71-0.78) 4.34 0.80 (0.78-0.81) 2.16 0.75 (0.72-0.79) 
3 1.60 0.63 (0.60-0.66) 3.46 0.63 (0.61-0.64) 1.50 0.52 (0.50-0.55) 
4 1.30 0.51 (0.49-0.54) 2.57 0.47 (0.46-0.48) 0.87 0.32 (0.29-0.34) 

(Most deprived) 5 1.20 0.48 (0.45-0.51) 1.70 0.32 (0.31-0.33) 0.58 0.21 (0.19-0.24) 
THIN: The Health Improvement Network. PYAR: Person Years at Risk. HR: Hazard ra o (†HR adjusted for year, sex, region and Townsend quintile).  
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Table 5-5 A table summarising the rate of mefloquine recording in THIN and the association between calendar year, sex, region, Townsend quintile and prescription rate, by age group. 

Mefloquine Less than 18 years (n = 6,241) 18 to 64 years (n = 20,326) 65 years and older (n = 2,904) 
 

Prescription rate 
Adjusted† HR 

(95% CI) 
Prescription rate 

Adjusted† HR 
(95% CI) 

Prescription rate 
Adjusted† HR 

(95% CI) 
Overall 0.55 - 0.55 - 0.26 - 

Year   
 

 
 

 
2005 to 2008 0.54 Reference 0.78 Reference 0.38 Reference 
2009 to 2012 0.62 1.10 (1.04-1.18) 0.52 0.67 (0.64-0.69) 0.25 0.67 (0.61-0.74) 
2013 to 2016 0.48 0.92 (0.86-0.99) 0.33 0.44 (0.43-0.46) 0.17 0.47 (0.42-0.54) 

Sex   
 

 
 

 
Male 0.54 Reference 0.52 Reference 0.34 Reference 

Female 0.57 1.04 (0.98-1.11) 0.58 1.09 (1.05-1.13) 0.21 0.70 (0.61-0.80) 
Region      

 
London 2.75 Reference 1.78 Reference 0.85 Reference 

East Midlands 0.36 0.17 (0.13-0.21) 0.57 0.29 (0.25-0.32) 0.37 0.35 (0.25-0.51) 
East of England 0.93 0.44 (0.39-0.50) 0.77 0.44 (0.40-0.47) 0.28 0.32 (0.24-0.42) 

North East 0.11 0.04 (0.03-0.06) 0.28 0.15 (0.12-0.18) 0.11 0.12 (0.07-0.19) 
North West 0.24 0.10 (0.08-0.11) 0.41 0.23 (0.21-0.25) 0.25 0.27 (0.19-0.37) 

Northern Ireland 0.07 0.03 (0.02-0.04) 0.26 0.15 (0.13-0.17) 0.11 0.12 (0.08-0.18) 
Scotland 0.15 0.06 (0.05-0.07) 0.21 0.12 (0.11-0.14) 0.11 0.12 (0.09-0.16) 

South Central 0.37 0.19 (0.17-0.22) 0.46 0.27 (0.25-0.29) 0.24 0.30 (0.24-0.37) 
South East Coast 0.32 0.16 (0.13-0.18) 0.43 0.26 (0.24-0.28) 0.23 0.28 (0.22-0.35) 

South West 0.20 0.10 (0.08-0.12) 0.42 0.24 (0.22-0.26) 0.24 0.27 (0.22-0.33) 
Wales 0.13 0.06 (0.05-0.07) 0.28 0.17 (0.15-0.19) 0.16 0.18 (0.14-0.25) 

West Midlands 0.51 0.21 (0.19-0.24) 0.48 0.28 (0.25-0.30) 0.29 0.33 (0.25-0.44) 
Yorkshire & Humber 0.23 0.10 (0.08-0.14) 0.48 0.24 (0.21-0.28) 0.18 0.18 (0.12-0.27) 

Townsend Quintile       
(Least Deprived) 1 0.27 Reference 0.48 Reference 0.29 Reference 

2 0.28 0.97 (0.85-1.11) 0.46 0.94 (0.88-1.00) 0.24 0.90 (0.75-1.08) 
3 0.47 1.39 (1.23-1.57) 0.52 0.99 (0.93-1.05) 0.26 0.88 (0.72-1.08) 
4 0.73 2.07 (1.84-2.32) 0.62 1.13 (1.07-1.21) 0.19 0.66 (0.54-0.80) 

(Most deprived) 5 1.35 3.75 (3.35-4.20) 0.79 1.43 (1.34-1.52) 0.39 1.29 (1.05-1.57) 
THIN: The Health Improvement Network. PYAR: Person Years at Risk. HR: Hazard ra o (†HR adjusted for year, sex, region and Townsend quintile). 
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Table 5-6 A table summarising the rate of doxycycline recording in THIN and the association between calendar year, sex, region, Townsend quintile and prescription rate, by age group. 

Doxycycline Less than 18 years (n = 4,151) 18 to 64 years (n = 74,276) 65 years and older (n = 20,601) 
 

Prescription rate 
Adjusted† HR 

(95% CI) Prescription rate 
Adjusted† HR 

(95% CI) Prescription rate 
Adjusted† HR 

(95% CI) 
Overall 0.37 - 2.02 - 1.88 - 

Year   
 

 
 

 
2005 to 2008 0.40 Reference 2.05 Reference 1.47 Reference 
2009 to 2012 0.36 0.83 (0.75-0.92) 2.00 0.96 (0.93-0.98) 1.77 1.19 (1.13-1.25) 
2013 to 2016 0.34 0.68 (0.61-0.76) 2.01 0.90 (0.88-0.92) 2.39 1.50 (1.42-1.59) 

Sex      
 

Male 0.38 Reference 2.08 Reference 2.36 Reference 
Female 0.36 0.99 (0.90-1.08) 1.97 0.95 (0.92-0.97) 1.51 0.69 (0.65-0.73) 

Region   
 

 
 

 
London 0.37 Reference 2.13 Reference 1.81 Reference 

East Midlands 0.20 0.41 (0.30-0.60) 1.77 0.77 (0.70-0.85) 1.83 1.09 (0.90-1.32) 
East of England 0.18 0.45 (0.35-0.57) 1.48 0.66 (0.62-0.71) 1.08 0.62 (0.52-0.73) 

North East 0.18 0.41 (0.27-0.61) 1.67 0.76 (0.68-0.85) 1.25 0.69 (0.56-0.84) 
North West 0.16 0.39 (0.32-0.48) 1.49 0.67 (0.63-0.71) 1.42 0.75 (0.66-0.86) 

Northern Ireland 0.94 2.27 (1.66-2.78) 3.98 1.83 (1.72-1.94) 4.74 2.48 (2.18-2.81) 
Scotland 0.93 2.25 (1.94-2.60) 3.09 1.41 (1.35-1.48) 3.26 1.71 (1.54-1.91) 

South Central 0.26 0.58 (0.48-0.70) 1.74 0.77 (0.73-0.81) 1.56 0.88 (0.78-0.99) 
South East Coast 0.25 0.63 (0.52-0.77) 1.63 0.73 (0.70-0.77) 1.57 0.86 (0.76-0.98) 

South West 0.21 0.46 (0.37-0.56) 1.57 0.69 (0.66-0.73) 1.36 0.76 (0.67-0.87) 
Wales 0.23 0.57 (0.46-0.70) 1.97 0.89 (0.84-0.93) 1.77 0.91 (0.80-1.03) 

West Midlands 0.21 0.52 (0.41-0.66) 1.60 0.72 (0.68-0.76) 1.18 0.64 (0.56-0.73) 
Yorkshire & Humber 0.20 0.44 (0.31-0.62) 2.05 0.90 (0.83-0.98) 1.79 1.03 (0.81-1.31) 

Townsend Quintile       
(Least Deprived) 1 0.30 Reference 1.95 Reference 1.84 Reference 

2 0.43 1.19 (1.04-1.36) 2.10 1.00 (0.96-1.04) 1.85 0.94 (0.87-1.02) 
3 0.42 1.14 (1.00-1.31) 2.07 0.97 (0.94-1.01) 1.91 0.94 (0.87-1.02) 
4 0.34 0.93 (0.80-1.08) 1.98 0.92 (0.89-0.96) 1.82 0.89 (0.82-0.97) 

(Most deprived) 5 0.35 0.83 (0.71-0.97) 2.00 0.87 (0.83-0.91) 2.05 0.92 (0.83-1.01) 
THIN: The Health Improvement Network. PYAR: Person Years at Risk. HR: Hazard ratio (†HR adjusted for year, sex, region and Townsend quin le)
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5.7 Discussion 

5.7.1 Summary of main findings 

Findings in this chapter show that atovaquone-proguanil is the most commonly prescribed 

medication in primary care to prevent malaria in travellers, followed by doxycycline and 

mefloquine respectively. The prescription rate for atovaquone-proguanil and mefloquine 

decreased over time with no change in the prescription rate for doxycycline for malaria 

prophylaxis. Women were more likely to be prescribed atovaquone-proguanil and mefloquine 

and less likely to be prescribed doxycycline compared to men. Prescription rates for atovaquone-

proguanil and mefloquine were highest in London; however, for doxycycline the prescription 

rates were higher in Northern Ireland and Scotland compared to London. Level of deprivation 

had a significant effect on choice of antimalarial with atovaquone-proguanil being more likely to 

be prescribed in those who were least deprived and mefloquine more likely to be prescribed in 

those who were most deprived. In terms of age, prescription rates were highest in those aged 

18 to 65 years for all medications, with the exception of mefloquine where prescription rates 

for those aged 18 and younger were equivalent to those aged 18 to 65 years. 

5.7.2 Identifying doxycycline prescriptions indicated for malaria prophylaxis in THIN 

Several studies have used algorithms to identify prescriptions of doxycycline indicated for 

malaria chemoprophylaxis from electronic health records. Zuckerman et al included all 

prescriptions for doxycycline with a duration of greater than 28 days when looking at trends in 

primary care malaria chemoprophylaxis prescribing in London, acknowledging that prescriptions 

of doxycycline for acne vulgaris could be a source of bias resulting in the overestimation of 

doxycycline prescriptions indicated for prophylaxis (157).  

A study by Kersgard et al investigating prescribing patterns of malaria chemoprophylaxis in the 

US military health system using electronic pharmacy records excluded medications prescribed 

in dermatology clinics to exclude potential prescriptions indicated for acne, however the 

majority (88%) of prescriptions included in the study were prescribed in primary care clinics 

where acne is also managed (175, 176). In addition, other conditions where doxycycline could 

be prescribed for were not excluded, further contributing to the potential overestimation of 

doxycycline indicated for prophylaxis. 

The algorithm developed in this thesis incorporated additional processes to exclude doxycycline 

prescriptions not indicated for malaria prophylaxis compared to the two studies described 

above: those with a diagnosis of acne in the previous four years and those with any other 

diagnosis where doxycycline can be prescribed were excluded. However, it is likely that the 

doxycycline prescriptions identified for prophylaxis are still overestimated. This is because 
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excluding prescriptions indicated for other conditions in THIN depends on whether those 

conditions are recorded in the patient’s records (i.e. absence of a recording for a condition does 

not mean that a patient did not present with the condition). Additionally, the algorithm would 

not capture unlicensed doxycycline use, as the code list was created based on indications that 

the medication is licensed for (149). 

The potential inclusion of prescriptions not indicated for malaria prophylaxis may explain some 

of the results presented for doxycycline in this chapter. For example, the increase in the 

doxycycline prophylaxis prescription rate over time in those aged 65 years and older may reflect 

an increase in prescriptions for doxycycline for an unrecorded condition that this age category 

would be at higher risk of (e.g. chest infections) (177), as opposed to an increase in the 

prescription rate for prophylaxis over time, specifically as it follows a similar trend to doxycycline 

prescriptions prescribed for non-malaria conditions (Figure 5-5). 

Furthermore, the potential inclusion of prescriptions not indicated for prophylaxis could also 

explain why doxycycline does not follow the decreasing trend observed in medications used 

exclusively for malaria (i.e. atovaquone-proguanil and mefloquine) (Figure 5-4). This is because 

the increase in the overall prescriptions of doxycycline over time could also mean that the 

number of doxycycline prescriptions not excluded by the algorithm also increased over time thus 

artefactually overestimating the prophylaxis prescription rate over time. 

Despite this, the algorithm does give an upper bound as to what the prescription rate for 

doxycycline prophylaxis would be. However it would be difficult to infer whether associations 

by age, gender, year, region and Townsend quintile would be due to doxycycline prescribed for 

prophylaxis or due to conditions misclassified as being for prophylaxis. Therefore, these results 

should be interpreted with caution. 

5.7.3 Comparison of pre-travel consultation rate and malaria prophylaxis prescription 
rate over time 

The marked decrease in the number of pre-travel consultations (Figure 5-6) corresponds to the 

date when the Human Medicines Regulations were introduced in 2012 (178). These regulations 

allowed the use of Patient Group Directions (PGD), where a non-prescribing healthcare 

professional can take the decision on whether to supply or administer a prescription-only 

medicine if the patient fits a pre-defined criteria as set out by a prescriber, without the need for 

seeing a prescriber (178). This had a considerable impact on travel health services in primary 

care, which is mainly a nurse-led service (179). Prior to PGDs, it would often take two clinic visits 

to prescribe malaria prophylaxis to an individual attending the travel clinic in primary care, with 

the travel health nurse performing a risk assessment to identify whether malaria 
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chemoprophylaxis is appropriate on the first visit, scheduling a second appointment, discussing 

details of the risk assessment with a prescriber (i.e. the GP, if the nurse is not an independent 

prescriber), getting a Patient Specific Direction (PSD) from the prescriber for the medication to 

be administered after the prescriber has considered whether the medication is appropriate for 

the individual, and giving the signed prescription to the individual when they attend again. 

After the introduction of PGDs, the travel health nurse would be able to supply malaria 

chemoprophylaxis medication in one visit if the individual attending the clinic fulfilled the 

criteria set out by the prescriber that issued the PGD, without the need for the prescriber to 

consider the individual circumstances of that patient. 

Although it is expected that the number of pre-travel consultations would decrease as a result 

of the introduction of PGDs, it should not have a negative effect on the number of medications 

prescribed for chemoprophylaxis, as the regulations make it easier to prescribe the medication 

in one consultation. However, there was still a decrease in the number of prescriptions for 

atovaquone-proguanil and mefloquine since 2012 in THIN. Whilst this could represent a true 

decline in the number of malaria chemoprophylaxis prescriptions in the UK since 2012, I 

hypothesize that the decrease more likely represents a shift in obtaining malaria 

chemoprophylaxis from primary care to other settings. This is because the Human Medicines 

Regulations also allowed for PGDs to be used in private practice, making it easier for pharmacies 

to offer travel health services and for private travel clinics to operate, as it forgoes the need for 

a prescriber to be involved in every travel health consultation (179). In addition, several 

companies offer turn-key services for community pharmacies to run a travel health service by 

providing them with travel specific PGDs for an annual subscription charge (£350-£400), further 

expanding settings where an individual can access travel health services from (180, 181). Despite 

limited data on whether this has resulted in an increase in individuals attending private travel 

health services over time, the improved accessibility and convenience of private travel clinics 

compared to GP services could affect where individuals choose to access travel health services 

from (e.g. out of hours services, extended opening hours, availability of walk-in services with no 

need for an appointment, or shorter waiting times compared to general practice if needed). 

Furthermore, private prescription charges for malaria chemoprophylaxis in primary care also 

means that there is no cost savings for attending primary care (69). 
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5.7.4 Interpretation of results within context of existing literature 

Similar to other studies in the UK, this study shows that atovaquone-proguanil is the most 

commonly prescribed medication for malaria prophylaxis in primary care (64, 157). Despite it 

being more expensive, several factors related to atovaquone-proguanil could explain its 

popularity compared to mefloquine and doxycycline. It is well tolerated and is associated with 

fewer adverse events compared to mefloquine (neuropsychiatric events) and doxycycline 

(increased sensitivity to sun exposure (182), increased risk of candidal vaginitis (183)). It can be 

prescribed to individuals travelling to malaria endemic regions where mefloquine resistance is 

present (54). It has a more convenient dosing schedule and only needs to be continued for a 

week after returning from travel, as opposed to 4 weeks for mefloquine and doxycycline (54). It 

is also suitable for the last minute traveller as it can be started a day before travelling, compared 

to mefloquine which is recommended to be commenced 3 weeks prior to travel to assess 

tolerability (54). 

Although findings of this study show that women are slightly more likely to be prescribed 

atovaquone-proguanil and mefloquine compared to men, this is likely to be underestimated. 

The absence of travel related data in THIN meant that prescription rates were calculated with 

population level data used as the denominator. Although this gives us information about trends 

in prescription recording over time, it does not accurately reflect prescription rates in those 

whom malaria chemoprophylaxis would be indicated for, as only those who travel to a malaria 

endemic country would need to be prescribed it. UK data from the Office for National Statistics 

shows that there were 17% more men who travelled to malaria endemic countries than women 

between 2014 and 2016, which may suggest that restricting the denominator to travellers to 

endemic areas could have resulted in a proportionally lower prescription rate in men compared 

to women. This would support findings of other studies that show sex based differences in 

malaria prevention considerations prior to travel, with women being more likely to take 

chemoprophylaxis and seek pre-travel health advice (160). This is supported by data from THIN, 

which also shows higher pre-travel consultation rates in women compared to men (Appendix D-

6). Doxycycline is contraindicated for use in pregnant and breastfeeding women and has been 

associated with candida vaginitis which may explain why women were less likely to receive a 

prescription for doxycycline compared to men (54, 183).  

This study also showed that level of deprivation was associated with the type of prescription an 

individual received. In terms of costs, a prescription of atovaquone-proguanil is more expensive 

than mefloquine. Individuals who were most deprived were 77% less likely to receive a 

prescription of the more expensive atovaquone-proguanil for chemoprophylaxis, compared to 

those who were least deprived. They were also 74% more likely to receive the cheaper 
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mefloquine (149). Although doxycycline is the cheapest option for chemoprophylaxis, there was 

no considerable difference in prescription rates by level of deprivation. However, taking into 

account the other options for prophylaxis, those who were most deprived were the only group 

who had a higher prescription rate for doxycycline than atovaquone-proguanil (Prescription rate 

in those who were most deprived; doxycycline: 1.66 prescriptions per 1,000 PYAR, atovaquone-

proguanil: 1.43 prescriptions per 1,000 PYAR and mefloquine: 0.85 prescriptions per 1,000 

PYAR). However, as described earlier, the misclassification bias likely results in an inflated 

prescription rate for doxycycline, making it difficult to infer whether it actually is the most 

commonly prescribed chemoprophylaxis medication in those who were most deprived. 

With regards to findings by UK region, individuals in London were more likely to receive a 

prescription for atovaquone-proguanil or mefloquine in primary care compared to other regions 

in the UK. This could reflect regional travel patterns, i.e. those living in London are more likely 

to travel to malaria endemic countries. Additionally, individuals in Northern Ireland and Scotland 

were 96% and 50% more likely respectively to have a recording for doxycycline compared to 

London. Given the limitations associated with doxycycline, this could reflect a number of factors, 

including: differences in recording practices in Scotland and Northern Ireland (i.e. more likely to 

not record a diagnosis in the medical records compared to other UK regions), differences in 

incidence of conditions where doxycycline could be prescribed, differences in prescribing 

practices in these regions (i.e. absence of a prescription charge in Northern Ireland and Scotland 

having an effect on choice of chemoprophylaxis medication), or a combination of these factors. 

In relation to antimalarial choice in those who were less than 18 years of age, atovaquone-

proguanil was the most prescribed of the three medications as it has been shown to be safe in 

children (minimum bodyweight is >5kg) (54). Furthermore, it was more likely to be prescribed 

in this age group over time given the increased evidence on its safety (184, 185). Mefloquine 

was the second most prescribed medication in this age group and was prescribed just as 

frequently as adults aged 18 to 65 years, despite there being fewer child travellers to endemic 

areas, suggesting that it may be more commonly prescribed in children than adults (73). 

Mefloquine is licensed for use in children with a bodyweight >5kg, is better tolerated in children 

than adults with fewer reports of adverse events and the once weekly dosing makes it more 

convenient to give to children (54, 186). Doxycycline was the least prescribed medication in 

those younger than 18 years as it is contraindicated in children less than 12 years of age (54). 

5.7.5 Missing deprivation scores 

There was no considerable difference in the HRs when including a category for those with 

missing Townsend quintile in the Anderson-Gill model (Table 5-1 to 5-6, Appendix D-3 and D-4). 
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However, the HR for the missing category suggests that those with missing Townsend quintile 

differ to those who have a recording for Townsend quintile; the AG analysis for doxycycline 

prescriptions showed that those with missing Townsend quintile were less likely to have a 

recording for a prescription of doxycycline than any of the other Townsend quintiles (Appendix 

D-3). This indicates that data on Townsend quintile was not missing at random.  

This could be explained by how data on Townsend quintile is recorded in THIN. Individuals in 

THIN are assigned a Townsend quintile based on the postcode of their home address; however, 

to maintain anonymity, postcodes with fewer than three households are not assigned a 

Townsend quintile (129). This is more likely to affect rural areas where a single household could 

have a unique postcode and less likely to affect densely populated areas like London (187). 

5.7.6 Strengths of this study 

The use of THIN to investigate trends in malaria chemoprophylaxis resulted in the inclusion of a 

large number of prescriptions indicated for malaria prophylaxis. Additionally, the use of THIN for 

this study also meant that the findings reflect “real world” prescribing preferences regarding 

choice of malaria prophylaxis as the data is collected in a non-interventional way. Furthermore, 

the continuous recording of data in THIN provided the ability to examine how the introduction 

of a new policy affected the pre-travel consultation rate, as data are available for both pre- and 

post-policy periods. 

5.7.7 Limitations of this study 

There are a number of limitations to consider when interpreting these findings. Firstly, using 

THIN to examine trends in prescribing for malaria prophylaxis meant that prescriptions 

prescribed in non-primary care settings (pharmacies, private travel clinics and over the counter 

medication) were not captured.  Therefore, it is important to interpret the findings in the context 

of primary care only and not as a reflection of malaria prophylaxis prescription trends in the UK 

in general. 

Secondly, individuals diagnosed with malaria outside general practice and who may receive their 

prescription for the treatment of malaria in primary care may be less likely to have a recording 

of malaria in THIN, and thus, be miscoded as prophylaxis prescriptions. However, the relatively 

low incidence of malaria compared to the number of prescriptions for antimalarial medication 

identified in this study meant that this would have a negligible effect on the results. 

Thirdly, similar to Chapter 4 and as discussed in section 5.7.4, the absence of reliable information 

related to travel meant that changes in the rate of prescription recording over time does not 

accurately reflect prescription rates in those whom malaria chemoprophylaxis would be 
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indicated for, as only those who travel to a malaria endemic country would need to be 

prescribed it. Although the findings were interpreted taking into consideration travel trends in 

the UK (section 5.7.4), the lack of travel data also restricted my ability to identify individuals who 

are more likely to use chemoprophylaxis regularly. This is because an individual could travel 

frequently to an endemic country and only receive prophylaxis for a small number of these trips 

and be falsely classified as a regular user due to multiple prescriptions captured in THIN. At the 

same time a person who had a single prescription recording in THIN but travels frequently to an 

endemic country but receives their prescription from a non-primary care setting could be falsely 

classified as a non-regular user. 

Fourthly, the large number of individuals included in this study made it logistically difficult to 

perform the Anderson Gill analysis including age group as it is computationally intensive. Ideally, 

it would have been useful to include age in the overall model as a covariate as opposed to 

stratifying by age, however, this would have exponentially increased the number of observations 

used for the analysis (new observations would be created for each individual for every age group 

in order to calculate the person time contribution of that individual for that category) and 

therefore could not be done given the computational resources available. Stratifying by age 

allowed me to investigate prescribing trends by age without increasing computational demand. 

For similar reasons, I had reported the main effects of the analysis with no formal tests for 

interactions. 

Finally, when investigating the association between age, sex, Townsend score and GP location 

and prescriptions for malaria chemoprophylaxis in THIN, I had analysed the three medications 

prescribed for malaria prophylaxis separately. Although it would have been useful to include all 

of the medications in the same analysis to investigate the associations for taking any prophylaxis, 

the misclassification of doxycycline prescriptions for non-malaria treatment as prophylaxis 

would have biased the results of the overall analysis. Analysing each of the medications 

separately allowed me to accurately investigate associations for atovaquone-proguanil and 

mefloquine which are malaria-specific, while acknowledging that the results for doxycycline 

could be biased. 

5.8 Context of this Chapter in overall work 

In this chapter I have examined trends in the prescribing of medications used to prevent malaria 

in travellers seen in UK primary care. Findings from this chapter related to the characteristics of 

the individuals who are prescribed malaria prophylaxis will be compared to the characteristics 

of those who have a recording for malaria and will be discussed in Chapter 7. Furthermore, 

Chapter 6 will focus on the sequence of care in those diagnosed with malaria after they return 
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from travel; findings from this study will be used to exclude episodes of care which occurred 

prior to travel in those individuals. 
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Chapter 6. Missed opportunities for the diagnosis of malaria in 
primary care: a self-controlled case series 

6.1 Chapter overview 

In this chapter, I will provide an overview of the self-controlled case series study design.  I will 

then investigate the sequence of care prior to a diagnosis of malaria in the cases identified in 

the incidence study (Chapter 4). In those individuals, I will examine the likelihood of having 

excess consultations in the month preceding a diagnosis (excluding the consultation where 

malaria is diagnosed) compared to their baseline consultation frequency in order to identify 

consultations related to malaria where malaria was not recorded (self-controlled case series 

approach). I will also investigate the duration of delay between reporting a symptom or being 

misdiagnosed and a diagnosis of malaria. 

6.2 The self-controlled case series design 

The self-controlled case series (SCCS) is an epidemiological study design where an individual acts 

as their own control. It was developed to investigate associations between acute outcomes and 

transient exposures using only data from individuals who have experienced an event (i.e. case 

only). The effect estimate generated from a SCCS is usually an incidence ratio where the rate of 

a hazard occurring is calculated in two observation periods within the same individual, with one 

exposure period being close to the date the event occurred and the second exposure period 

being at any other time. For this study, as will be described in section 6.6, the event of interest 

is malaria and the hazards being observed are 1) the number of consultations and 2) the 

frequency of presentation for a malaria related symptom. 

6.3 Application and advantages of self-controlled case series 

The SCCS method was initially developed in 1995 to investigate adverse events following 

vaccination (188). The case only approach meant that there was no need to identify a 

comparator group when investigating adverse events, which would be challenging as the 

majority of the population would have received a vaccination. It is also a more efficient study 

design compared to a cohort study as it does not require as large of a number of participants. 

Additionally, it forgoes the need for the identification and matching of suitable controls as in a 

case-control study, reducing the risk of selection bias (189). This method is also useful for 

investigating rare events (190). 
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Other advantages of individuals acting as their own control is that fixed confounders are 

automatically controlled for. This is particularly advantageous for studies using routinely 

collected data where data recording may be incomplete (e.g. ethnicity in THIN - Chapter 4).  

Since its initial use to investigate vaccine safety, the SCCS has been adapted to a number of 

different applications that have demonstrated the advantages of this approach. Examples of the 

different applications and their influence on the study design used in this chapter are described 

below: 

Investigating drug-drug interactions (191): Douglas et al had investigated the association 

between proton pump inhibitor use and myocardial infarction in those on antiplatelet 

medication (clopidogrel and aspirin). For the SCCS approach, the authors had included all 

individuals who had received an antiplatelet medication and compared the number of events in 

the period where an individual was exposed to a PPI to the number of events in the period where 

an individual was not exposed to a PPI. They found that there was no statistically significant 

difference in the number of events during exposure to a PPI. This contrasted findings of a cohort 

study from the same data source (linked electronic health databases in the UK) which similarly 

investigated the association between PPI use and MI in those on antiplatelet medication, which 

showed an increased risk of MI in those who had been exposed to a PPI. The authors conclude 

that the association reported in the cohort study could be due to differences in the individuals 

who receive a PPI, as opposed to exposure to the PPI itself, indicating that the SCCS approach 

controlled for the underlying confounding not captured by the cohort study design. This is 

especially useful for this study given that ethnicity is poorly recorded in THIN despite it being 

associated with imported malaria in the UK (154). 

Investigating acute cardiac events following the flu (192): Warren-Gash et al used a SCCS 

approach to investigate the risk of an MI following influenza infection. The authors had included 

all individuals who had experienced an MI and compared the number of MI’s which occurred 

during the month after an influenza infection to the number of MI’s at all other time points. 

They had adjusted for season (3 month periods) as it is a time varying confounder related to 

both the event (Increased risk of MI in winter) and exposure (increased risk of flu in winter) 

(193). Similarly, the effects of seasonality could also affect both the event and exposure in my 

study. Frequency of consultations could increase in winter where seasonal illnesses such as the 

flu are more common.  The risk of acquiring malaria could also vary by season due to: 1) seasonal 

trends in travel to endemic countries (increased number of travellers to endemic countries 

during summer months/school holidays) and, 2) seasonal variation in transmission intensity 

within the endemic country (e.g. lower risk of transmission during dry season, higher during wet 

season). To adjust for this, I had selected a baseline exposure period a year before a diagnosis 
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of malaria to ensure that the seasonal effects related to consultation frequency, reason for 

consulting and overseas travel would be accounted for. 

Investigating antibiotic prescribing during pregnancy (194): Petersen et al had used the SCCS 

methodology to investigate antibiotic use during pregnancy. The authors had looked at 

antibiotic prescribing during pregnancy and compared it to two periods of the same duration to 

pregnancy one year before and after the start of pregnancy to take into account the seasonality 

of prescribing antibiotics. The authors also explored demographic factors related to prescribing 

and found that young women who were most deprived were most likely to receive an antibiotic 

prescription during pregnancy. Given the differences in malaria recording by age and deprivation 

level as reported in Chapter 4, I incorporated a similar approach to report differences in 

consultation rates in the month before a diagnosis of malaria compared to a month in the 

previous year by sex, age, socioeconomic status and region (Section 6.6.5.2). Although the SCCS 

approach controls for these within the individual, reporting consultation rate ratios by these 

categories allows comparison between categories. 

6.4 Assumptions affecting self-controlled case series 

The SCCS has two main assumptions that need to be considered in order to provide unbiased 

results. These are discussed below in the context of this study (189): 

 Events must be independently recurrent or rare:  

For malaria, recurrences in the same individual are independent of the initial event as 

subsequent events occur after travelling to a malaria endemic country and contracting 

it from the bite of an infected mosquito. Regardless, even in dependent events where 

subsequent events are more likely to occur (.g. MI, stroke), the SCCS approach can been 

used to investigate the first event only (189, 192, 195). In this study, only the first 

recording of malaria was used to identify the cases of malaria (Chapter 4). 

 

 The occurrence of an event must not censor or affect the observation period: 

Given that malaria is not endemic in the UK and is contracted during travel to endemic 

countries, some cases are likely to be out of the country for at least some of the month 

prior to diagnosis. Due to this, it is likely that a diagnosis of malaria (event) could censor 

a portion of the observation period and is a limitation of this study. Therefore when 

comparing consultation rates in the period before a diagnosis to a similar period in the 

previous year, it is important to take this bias into account when interpreting the 

findings as it could decrease consultation rates in the period before diagnosis and thus 

underestimate the number of excess consultations during this period. This limitation is 



131 
 

unavoidable when using data from primary care as travel data is rarely recorded and will 

apply to all study designs investigating the sequence of care prior to a diagnosis of 

malaria. This is discussed further in section 6.8.7.  

6.5 Study objectives 

 To investigate the primary care consultation rate in the month prior to a diagnosis of 

malaria compared to a control period in the same individual in the previous year 

 To investigate the rate of recording of malaria related symptoms, non-malaria infections 

and antibiotic prescriptions in primary care in the month prior to a diagnosis of malaria 

compared to a control period in the same individual in the previous year 

 To identify the duration of delay between a patient first reporting a malaria related 

symptom in primary care and a first diagnosis for malaria in the month preceding the 

diagnosis. 

 To identify the duration of delay between a recording for a non-malaria infection, or an 

antibiotic prescription in primary care and a first diagnosis for malaria in the month 

preceding the diagnosis. 

6.6 Methods 

6.6.1 Study population 

The target population consisted of all incident cases of malaria identified in THIN between the 

1st of January 2005 and the 31st of December 2016 (i.e. cases of malaria that had been identified 

in the incidence study - See Chapter 4). Of those cases, given the importance of establishing 

accurate dates of diagnosis, those with retrospective dates of diagnosis were excluded. This was 

done by ensuring that only those where the recorded date of diagnosis (Event date) matched 

the date the recording was entered into the system (System date). Additionally, individuals 

needed to have a minimum duration of 13 months between registration with the GP and the 

date of diagnosis to be included. This ensured that all the included cases would be able to 

contribute data for the control period (described below) 

6.6.2 Primary Care consultations 

All medical information recorded in THIN such as symptoms and diagnoses of disease, 

investigations ordered and medication prescribed are linked to a specific primary care 

consultation (consultid). Using the description for the type of consultation, only consultations 

which involved a face to face or telephone interaction between the case and clinical staff were 

included. Mail consultations, communications from secondary care and administration related 
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consultations were excluded. A summary of Read codes used to categorise the type of 

consultation is described in (Appendix E-1). 

 

 

 

 

 

 

 

6.6.3 Defining the case and control period for the self-controlled case series 

6.6.3.1 Case period 

The case period was defined as four weeks prior to date of diagnosis. This period was based on 

findings from the systematic review (Chapter 2). All of the studies included in the review 

reported an upper quartile duration of less than 4 weeks for diagnostic delay (symptom onset 

to diagnosis) with a maximum reported upper quartile of 23 days (96). Therefore it is likely that 

the majority of consultations related to malaria will occur during this period. However, the four 

week window for the case period could also result in the inclusion of consultations related to 

pre-travel advice (i.e. it could include individuals who had presented to the clinic before travel, 

travelled to a malaria endemic country, contracted malaria, returned to the UK and were 

diagnosed with malaria within 4 weeks).  This could result in an inflated number of consultations 

attributable to malaria during the case period and thus pre-travel consultations were excluded.  

In order to internally validate this period, the number of consultations per week preceding a 

diagnosis of malaria was measured for the preceding 13 months (56 weeks). Since most malaria 

related consultations occur immediately prior to a diagnosis, for every week preceding the 

diagnosis, consultation rates should decrease to baseline levels when no malaria related 

consultations are occuring.  

6.6.3.2 Control period 

The control period was defined as the time period 12 to 13 months (52 to 56 weeks) prior to a 

diagnosis of malaria. A period of 1 year prior to a diagnosis of malaria was chosen for the control 

period to take into account the effect of seasonality on disease (Figure 6-1).  

Control period Case Period 

Malaria diagnosis 

13 12 1 0 

Months prior to diagnosis 

Figure 6-1 Graphical representation of the case and control period in a self-controlled case series timeline 
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6.6.4 Generating code lists for symptoms, syndromes, medications and pre-travel 
consultations 

In order to extract relevant records for this study, code lists were developed for malaria related 

symptoms, common conditions that may present with malaria like symptoms, antibiotics and 

pre-travel consultations. The framework used to develop code lists was based on the methods 

described by Dave and Petersen (196). Taking the development of a code list for fever as an 

example, a list of key words and synonyms related to fever were identified based on discussions 

with two senior clinicians familiar with primary care EHR data (JAC and GR). This resulted in 

searching the entire Read code list in THIN for the following terms; “fever”, “pyrexia”, “feels 

hot”, “night sweats” and “temperature”, using a STATA loop. The resulting list of codes identified 

was reviewed and any codes which were not relevant were excluded resulting in a final code list 

for fever. This code list was then re-reviewed by the research team (HB and GR) and agreed on 

before being used for data extraction. For the purpose of this study, any recording for a malaria 

related symptom, a recording for a common condition that may present with malaria like 

symptoms and a prescription for an antibiotic during the study period will be referred to as a 

malaria related recording (MRR). 

6.6.4.1 Malaria related symptoms 

Code lists for malaria related symptoms were developed for fever, headache, fatigue, 

myalgia/arthralgia, diarrhoea and vomiting as they were the most commonly reported 

symptoms based on sentinel surveillance data from the European Network on surveillance of 

Infectious diseases(197). The final code list for each of these symptoms is described in Appendix 

E-4. Additionally, in order to identify potential Read codes for symptoms related to malaria but 

not included in the code lists described previously, all Read codes recorded during the case and 

control period were identified and sorted by frequency of occurrence in the medical records and 

additional health records. Symptoms with a recording frequency of greater than five during the 

case period were included if the frequency of recording during the case period exceeded that of 

the control period.  This resulted in the inclusion of cough as a malaria related symptom for 

which a code list was developed, reviewed and agreed on before being used for data extraction. 

6.6.4.2 Common conditions that may present with malaria like symptoms 

The non-specific symptoms for malaria and the nature of clinician recording of Read codes could 

also result in syndromic based recording of data (e.g. viral illness or flu like symptoms) as 

opposed to recording of specific symptoms. Read code lists were developed for flu related 

terms, viral illnesses and upper respiratory tract infections as they have commonly been 

attributed as differential diagnoses where malaria is missed (42, 198, 199). The code list for flu 
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like and viral illnesses were developed in a similar method as was used for symptoms, however, 

the specific nature of diagnosis for an upper respiratory tract infection and the hierarchal nature 

of recording of Read codes meant that all URTIs could be identified by searching for codes 

starting with “H0” (Main branch: “H”= Respiratory system diseases, Second branch: “0”= URTIs). 

The final code lists were reviewed and agreed on before being used for data extraction 

(Appendix E-5). 

6.6.4.3 Antibiotics 

Similar to a recording of flu/viral illness/URTI, a recording for an antibiotic prescription prior to 

a recording of malaria could also indicate that a diagnosis of malaria was missed. Individuals 

prescribed antibiotics were identified through code lists which were developed based on the 

British National Formulary (BNF) (149). Antibiotic prescriptions were identified by searching for 

BNF chapters (BNFcode) starting with “05.01” (Main chapter: “05” = Medications used to treat 

infections, Sub-section: “01” = Bacterial infections). The final medication list was reviewed and 

agreed on before being used for data extraction (Appendix E-6). 

6.6.4.4 Pre-travel consultations 

Consultations with the following were coded as pre-travel consultations and excluded from the 

analysis: 

 A Read code for pre-travel advice consultation. Code list developed for trends in 

antimalarial prescribing – See Chapter 5, Section 5.5.4.3 

 A Read code for a travel vaccination. Code list developed for Incidence Study – See 

Chapter 4, Section 4.4.4.1 

 A Read code for a prescription of atovaquone-proguanil or mefloquine and a 

prophylactic prescription for doxycycline as per algorithm described in Section 5.5.3. 

Code lists developed for trends in antimalarial prescribing – See Chapter 5 section 5.5.3  

 

6.6.5 Data analysis 

6.6.5.1 Weekly consultation rates prior to diagnosis 

The total number of consultations (overall and excluding pre-travel consultations) for every 

week prior to a diagnosis was presented graphically for a period of 56 weeks prior to a diagnosis. 

A period of 56 weeks was selected to allow for comparison of the control period (weeks 52 to 

56 prior to diagnosis) with baseline consultation levels (period prior to diagnosis where 

consultation rates level off).  
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6.6.5.2 Consultation rates prior to a diagnosis of malaria – Self-controlled case series 

A self-controlled case series analysis was performed to examine the consultation rate in the case 

period compared to the control period for each individual. I excluded all consultations on the 

day of the recording of malaria as all individuals would have had a consultation on that day. 

Wilcoxon signed rank test was used to describe the number of individuals who had more 

consultations in the case period, control period or the same number of consultations in both 

periods. 

Incidence (Consultation) rate ratios were calculated for consultations occurring in each study 

period for each person using negative binomial regression. I did not include fixed confounders 

such as gender, socioeconomic status, location of GP where patient is registered and ethnicity 

in the multivariable regression model as the self-controlled cases series model will control for 

such factors implicitly. However, to account for change in consultation seeking patterns over 

time and change in consultation rates by age, the year of consultation and age at consultation 

were added to the model as time varying confounders. The year the diagnosis was made (2005 

to 2016) was added to the model for consultations during the case period; and the year before 

diagnosis (2004 to 2015) for consultations during the control period. Age at the time of the 

consultation was added as a continuous variable for both periods. In addition, the same 

multivariable model adjusting for age and year of consultation was used in a stratified analysis 

by sex (Male, Female), Socioeconomic status (Townsend score: 1 to 5) and region of GP where 

patient is registered (London, Rest of UK). A further stratified analysis by age group (Less than 

20 years, 20 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 69 and 70 years and older) was done which 

was adjusted by year only.  

This stratified analysis allowed comparison of incidence rate ratios within each of these 

respective categories. Cochran Q statistic was used to test for heterogeneity in the incidence 

rate ratios for each strata. Although this test is classically used to measure heterogeneity 

between studies in meta-analyses, it has also been used to measure heterogeneity in effect 

estimates across strata (200). For this study, this statistic is calculated as the weighted sum of 

squared differences between individual strata effects and the pooled effect across strata. Similar 

to using it in a meta-analysis, it has low power to test heterogeneity when the number of strata 

is small (201). 
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6.6.5.3 Frequency of presentation with a malaria related symptom, non-malaria 
infection or having a prescription for an antibiotic before a diagnosis of malaria 
compared to baseline – Self Controlled case series 

Similar to the analysis investigating consultation rate differences (Section 6.6.5.2), a SCCS 

analysis was performed to examine the frequency of presentation with a malaria related 

symptom, non-malaria infection or a prescription for antibiotics in the case period compared to 

the control period for each individual. For the purpose of this analysis, malaria related symptoms 

were divided into two categories, fever and non-fever (headache, fatigue, myalgia, arthralgia, 

diarrhoea, vomiting and cough). Flu-like illness and viral illness were combined into one category 

due to the overlap of coding (symptoms) between the two categories see appendix E-5. 

Incidence (Recording) rate ratios and 95% CIs were calculated for recordings occurring in each 

study period using negative binomial regression. Fixed confounders were not adjusted for, 

however to adjust for yearly variation in symptom presentation (e.g. flu pandemic in 2009 (202), 

which would make it more likely to have a recording for flu/viral Read codes during that year), 

the year and age at the time of recording were added to the model as time varying confounders. 

For the case and control period the frequency of recording for each category was presented as 

absolute numbers and as a percentage of the overall number of malaria related recordings 

during that period. 

6.6.5.4 Delay between first presentation and malaria recording – Medical diagnostic 
delay – A Case series analysis 

All individuals with a Read code for a malaria related symptom (Fever, non-fever), non-malaria 

infection (URTI, flu/viral illness) and an antibiotic prescription during the case period were 

identified as described in (Section 6.6.4). The duration between a first recording of those Read 

codes and a recording of malaria was used to calculate the delay between first malaria related 

presentation and a diagnosis of malaria. This duration corresponds to medical diagnostic delay 

(MDD) which was described in Chapter 2. The dates extracted from THIN included; the event 

date (d_evntdate) for symptoms and non-malaria diagnoses, the prescription date (d_prscdate) 

for antibiotics and the index date of diagnosis (As described in Section 4.4.4) for the date of the 

malaria recording. 

The median and IQR duration between the first MRR and a malaria diagnosis recording for all 

individuals in each category (Fever, Non-fever, Flu/viral illness, URTI and antibiotic prescription) 

was calculated and presented graphically in a box plot. An additional category, combining Read 

codes that indicated a diagnosis of malaria was not considered at the time of diagnosis, was 

created by combining Read codes for flu/viral illness, URTI and an antibiotic prescription. First 



137 
 

presentation was defined as the first consultation in the case period where a MRR was recorded 

(Figure 6-2).  

Figure 6-2 A graphical representation of the consultation considered to be the first presentation with a malaria related 
symtpom during the case period. 
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6.7 Results 

6.7.1 Demographic characteristics 

Of the 1,474 cases identified in Chapter 4, a total of 430 cases (29%) had a diagnosis date 

preceding the day malaria was recorded indicating a retrospective diagnosis of malaria. This 

resulted in 1,044 cases with a diagnosis date on the same day as the date of a malaria recording 

that were included in this study. The demographic characteristics of those 1,044 cases are 

described in Table 6-1. 

Table 6-1 A table comparing the demographic characteristics of the cases included in the incidence study (Chapter 
4) and the cases included in this study. 

 

Overall 
n (%) 

Precise diagnosis date 
n (%) 

Total 1,474 (100) 1,044 (100) 

Age at diagnosis – mean (SD) 39.5 (17.1) 40.5 (17.1) 

Sex   

Male 846 (57) 596 (57) 

Female 628 (43) 448 (43) 

Region   

London 474 (32) 319 (31) 

Non-London 1,000 (68) 725 (69) 

Townsend Score   

(Least Deprived) 1 218 (15) 168 (16) 

2 204 (14) 164 (16) 

3 290 (20) 201 (19) 

4 344 (23) 240 (23) 

(Most deprived) 5 248 (17) 152 (15) 

Missing 170 (12) 119 (11) 
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6.7.2 Overall weekly consultation rates prior to a diagnosis of malaria 

The overall number of consultations in those with a recording of malaria followed a decreasing 

trend over time per week preceding a malaria recording (Blue line - Figure 6-3). The greatest 

decrease in the number of consultations occurred during the first four weeks preceding a 

malaria recording (case period – shaded orange in Figure 6-3); dropping from 469 consultations 

in the first week, to 147 consultations in week 4 (68.7%). The remaining 52 weeks were relatively 

stable with a mean frequency of 92.9 (SD 13.0, range: 72-136) consultations per week. There 

was no increase in consultations per week during weeks 53 to 56 prior to a malaria recording 

(control period – shaded blue in Figure 6-3) compared to the baseline number of consultations 

in weeks 5 to 52. 

Similar trends were observed when pre-travel consultations were excluded (71% reduction in 

consultations in week 4 compared to week 1, mean consultation frequency in weeks 5 to 56: 

83.8 (SD 10.2, range: 67-113) (Appendix E-2). However, comparing the number of consultations 

overall (blue line – Figure 6-3) and the number of consultations excluding pre-travel 

consultations (Purple line – Figure 6-3), there is a divergence in the frequency of consultations 

from week 3 indicating that pre-travel consultations occur from this period. The discrepancy 

between the rates decreases over the time preceding a malaria diagnosis converging to similar 

consultation frequencies at week 40, indicating few pre-travel consultations occur in the primary 

care setting more than 40 weeks preceding a recording of malaria. 
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Figure 6-3 Number of consultations per week in the 56 weeks preceding a diagnosis of malaria in the cases included in the study.
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6.7.3 Consultation rates 

In the 1,044 individuals included in this study, there were a total of 1,105 consultations during 

the case period, and 374 consultations during the control period after excluding the consultation 

where malaria is recorded and excluding pre-travel consultations (Pre-travel consultations 

excluded during case period n=26 and Control period n=9). Of the 1,044 individuals, 501 (48%) 

had at least 1 consultation during the case period and 220 (21%) had at least 1 consultation 

during the control period. There were 428 (41%) individuals who had more consultations during 

the case period, 128 (12%) who had more consultations during the control period and 488 (47%) 

who had the same number of consultations during both periods. Results of the Wilcoxon Sign-

Rank test indicate that there is a statistically significant difference in the number of consultations 

during the case period and the control period (z = 12.95, P value = <0.01). Adjusting for age and 

year of consultation, individuals were nearly three times more likely to have excess 

consultations during the case period compared to the control period (IRR: 2.93, 95% CI: 2.49-

3.45). When stratifying by sex, age group, socioeconomic status (Townsend quintile) and region, 

individuals were more likely to have excess consultations during the case period compared to 

the control period across all strata. However, there was no difference in the degree at which 

individuals were likely to have excess consultations during the case period by sex (Cochran Q 

statistic P value: 0.329], indicating that the IRR for males and females does not differ 

significantly), age group (Cochran Q statistic P value: 0.279) or socioeconomic status (Cochran Q 

statistic P value: 0.729). On the other hand, there was a statistically significant difference in the 

degree to which individuals were likely to have an excess consultation during the case period by 

region, with those registered with a practice outside London being more likely to have an excess 

consultation during the case period compared to those registered with a practice in London 

(Rest of UK: IRR: 3.45, 95%CI: 2.79-4.18; London: IRR: 2.03, 95%CI: 1.56-2.63; Cochrane Q 

statistic P value: 0.002) (Table 6-2).  
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Table 6-2 Adjusted Incidence rate ratios (IRR) for excess consultations (i.e. excluding the consultation where malaria 
is recorded) during the case period overall, and stratified by sex; age group; Townsend Quintile; and UK region of 
the GP where the patient is registered. 

  Control period Case period 

 
n 

Total 
consultations 

Total 
consultations 

NBM IRR (95% 
CI) 

P value 

Total cases 1,044 374 1,105 2.93 (2.49-3.45)  

Sex      

Male 596 188 576 
3.15 (2.51-3.97) 

0.329 

Female 448 186 529 2.75 (2.18-3.47) 

Age groupⁱ      

Less than 20 
years 116 24 101 

3.99 (2.22-7.17) 

0.279 

20 to 29 years 176 45 180 4.05 (2.61-6.27) 

30 to 39 years 217 52 198 3.66 (2.45-5.45) 

40 to 49 years 235 96 255 2.65 (1.91-3.66) 

50 to 59 years 159 63 170 2.68 (1.81-3.97) 

60 to 79 years 95 62 123 1.98 (1.27-3.09) 

70 years and 
greater 

46 32 78 2.30 (1.27-4.16) 

Townsend      

1 168 56 205 3.72 (2.47-5.61) 

0.725 

2 164 64 179 2.66 (1.76-4.01) 

3 201 78 199 2.50 (1.75-3.55) 

4 240 78 229 2.87 (2.02-4.07) 

5 152 57 192 3.37 (2.20-5.17) 

Missing 119 40 100 2.49 (1.54-4.02) 

Region      

London 319 131 272 2.03 (1.56-2.63) 
0.002 

Rest of UK 725 243 833 3.42 (2.79-4.18) 

P values presented from Cochran Q test for heterogeneity in IRRs for excess consultations in the case period 
between different strata. IRRs were adjusted for time varying confounders only. Pre-travel consultations are 
excluded from this analysis. NBM: Negative binomial 

  



143 
 

6.7.4 Symptom/syndrome rates 

Amongst the 501 individuals with a consultation during the case period, there were a total of 

253 MRRs in 166 (33%) individuals. Adjusting for year and age at the time of recording, 

individuals were more likely to present with fever (IRR: 69.51, 95% CI: 9.56-505.20) (Table 6-3), 

a non-fever malaria related symptom (IRR: 6.33, 95% CI: 2.63-15.25), receive a prescription for 

an antibiotic (IRR: 3.98, 95% CI: 2.57-6.14) and have a recording for an URTI (IRR: 4.77, 95% CI: 

1.62-14.03) during the case period compared to the control period indicating that they are 

associated with a recording for malaria. Although there were more recordings in the case period 

(n=11) compared to the control period (n=2 =) for flu/viral illnesses, the small number of 

recordings meant that it was not possible to analyse it with negative binomial regression. In 

terms of strength of association, the difference in magnitude of association between all 

categories was not significant as the 95% CIs overlap, with the exception for a recording of fever 

and a prescription for antibiotics, where a statistically significant stronger association for a fever 

recording during the case period compared to an antibiotic prescription during the case period 

was found. 

Table 6-3 Adjusted incidence rate ratios for malaria related recordings during the case and control periods. 

 
Control Period Case Period  

Malaria 
related Read 

code 

Number of 
individuals 

with at least 1 
recording 

Total number 
of recordings 

n = 41 (%) 

Number of 
individuals 

with at least 1 
recording 

Total number 
of recordings 
n = 253 (%) 

NBM IRR 
(n=1,044) 

Fever 1 1 (2) 58 69 (27) 
69.51 (9.56-

505.20) 

Non-fever 7 7 (17) 32 45 (18) 
6.33 (2.63-

15.25) 

Antibiotics 25 27 (66) 97 109 (43) 3.98 (2.57-6.14) 

URTI 4 4 (10) 18 19 (8) 
4.77 (1.62-

14.03) 

Flu/viral 2 2 (5) 11 11 (4) N/A 

Negative binomial regression was done adjusting for time varing confounders only. 
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6.7.5 Delay between first presentation and malaria recording – Medical Diagnostic 
Delay: 

In the 166 individuals who had at least 1 MRR, the median and IQR duration between the first 

recording of a malaria related Read code and a malaria recording is summarised in Figure 6-4. A 

recording of fever at the first malaria related consultation resulted in the shortest median 

duration to malaria recording (n = 50, Median MDD: 6 days, IQR: 2-17), while a recording of a 

non-fever symptom at first presentation resulted in a prolonged median duration to diagnosis 

(n = 23, Median MDD: 9 days, IQR: 5-18) compared to fever. A prescription for an antibiotic, a 

recording for an URTI and a recording for a flu/viral illness all resulted in a longer median 

duration to diagnosis compared to fever (Antibiotic: n = 89, Median MDD: 7 days, IQR: 3-16; 

URTI: n = 16, Median MDD: 8, IQR: 6.5-18; Flu/viral illness: n = 11, Median MDD: 8 days, IQR: 4-

17) with a similar increase in duration to diagnosis when all three categories indicating a 

diagnosis of malaria was missed were combined (Misdiagnosis: n = 107. Median MDD: 8 days, 

IQR: 4-17). 

Figure 6-4 The distibution of time in days between the first presentation of a malaria related recording and malaria 
diagnosis, by recording type. 

 

The central line represents the median and the box represents the IQR. 

6.7.6 Delay between a presentation of fever and a malaria recording 

In the 58 individuals who had at least 1 recording of fever during the case period, the median 

duration between presenting with fever and a recording of malaria was 5.5 days (IQR: 2-15). Of 

those, eight individuals had presented with a non-fever MRR prior to presenting with fever. In 

those 8 individuals, the median duration between a recording of fever and a malaria recording 

was 4.5 days (IQR: 1.5-7).  
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6.8 Discussion 

6.8.1 Weekly consultation rate prior to malaria 

This study showed that the majority of consultations occurred in the four weeks preceding a 

diagnosis of malaria indicating that presentations during this period are more likely to be 

attributable to malaria as they exceed baseline consultation levels. This is consistent with 

findings of the systematic review in Chapter 2 validating the use of a duration of four weeks for 

the case period. 

The change in number of pre-travel consultations over the 56 weeks preceding a malaria 

recording could reflect travel patterns of those who contract malaria, i.e. most pre-travel 

consultations occurred 4 to 8 weeks prior to a malaria recording with a decreasing number of 

pre-travel consultations over time, suggesting that most of the individuals had gone on shorter 

trips (taking into account the lag between pre-travel consultation and travel; and return from 

travel to primary care consultation). This is consistent with ONS data on UK travel trends 

showing that 81% of those who travelled outside of Europe and North America between 2010 

and 2016 had a trip duration of less than 4 weeks (73). Trends in pre-travel consultations should 

be interpreted with caution as the majority of pre-travel consultations occur in private travel 

clinics and would not be reflected in this data, however the main reason for investigating trends 

in pre-travel consultations in this study was to exclude them to avoid artificially inflating the 

number of consultations attributable to malaria during the case period, as described in the 

methods (Section 6.6). This was done to reduce the confounding effect that travel has on the 

frequency of consultations prior to a recording of malaria (i.e. an individual would need to travel 

to an endemic country to contract malaria; those who travel are more likely to consult for pre-

travel advice).  Although most pre-travel consultations would be captured with the Read code 

lists used in the study, individuals may still attend more frequently prior to travel without having 

any pre-travel specific Read codes. For example, individuals with underlying conditions may 

attend prior to travel to ensure an adequate supply of medication while they are away; women 

on the oral contraceptive pill may attend for the same reason (203). This may explain the slightly 

higher consultation rate above baseline in weeks 4 to 8 prior to a malaria recording (Figure 6-3) 

which correlates with when most of the coded pre-travel consultations had occurred. 

6.8.2 SCCS - Consultations 

After taking individual baseline consultation levels into account, and excluding the consultation 

where a malaria diagnosis was made, individuals were 2.93 times as likely to have consultations 

during the case period compared to the control period. The excess consultations during the case 

period could be attributable to consultations related to malaria where a diagnosis of malaria 
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was missed, as consultations in excess of baseline did occur where malaria was not recorded. In 

terms of absolute numbers, a total of 428 (41%) individuals had more consultations in the case 

period compared to the control period. This was similar to findings of a regional service 

evaluation by Green et al which showed that 46% of those diagnosed with malaria at the 

Sheffield Teaching Hospitals had made contact with their GP prior to diagnosis (81). 

Individuals were more likely to consult during the case period compared to the control period 

regardless of sex, age, socioeconomic status and location of GP practice. The Cochrane Q test 

showed that there was no statistically significant difference in the magnitude of the consultation 

rate ratio with sex, age and socioeconomic status categories. This is most likely due to the low 

power of the Cochrane Q test detecting a significant difference within the strata, as opposed to 

there not being an actual difference (204). On the other hand, there was a statistically significant 

difference in the consultation rate ratio by UK region; those registered with a practice outside 

London had presented more frequently compared to those registered with a practice based in 

London indicating that there were more consultations where a diagnosis of malaria was not 

considered outside London. This could reflect the fewer number of cases seen outside London 

resulting in the health care worker being less likely to consider a diagnosis of malaria (103) 

(Chapter 4). It could also be due to differences in health seeking behaviour, as the proximity and 

ease of access of secondary care services in London could result in individuals being more likely 

to seek healthcare from secondary care without seeing their GP first (205).  

6.8.3 Symptoms 

Fever was the most commonly recorded symptom during the case period with 53% more 

recordings than the total number of recordings for all non-fever malaria symptoms combined. 

In those who presented with a MRR during the case period, a recording of fever at first 

presentation resulted in the shortest median delay to diagnosis at 6 days compared to 9.5 days 

for a recording of a non-fever malaria symptom at first presentation. The shorter delay to 

diagnosis for fever could reflect increased awareness of fever as a malaria symptom due to 

recommendations to always consider a diagnosis of malaria in those who have fever after return 

from travel until proven otherwise (42), however, a median duration to diagnosis of 6 days also 

shows that despite this message, there still remains individuals who present with fever where 

malaria is not considered (206). 

A misdiagnosis at first presentation with a MRR, indicated by a recording of URTI, flu/viral illness 

or antibiotic prescription prior to a recording of malaria also resulted in a longer time to 

diagnosis compared to fever with a median MDD of 8 days. On the other hand, a misdiagnosis 

resulted in a shorter median MDD compared to non-fever malaria symptoms with those 
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prescribed antibiotics having the shortest median MDD in individuals who had a misdiagnosis 

recording. This could mainly be due to the need to consider an alternative diagnosis after failing 

to respond to treatment. Antibiotic stewardship programmes in primary care and interventions 

to ensure responsible antibiotic use in primary care could have contributed to malaria being 

considered earlier if an antibiotic is prescribed as it encourages GPs to follow PHE and NICE 

recommendations to reconsider a diagnosis by advising patients to return if symptoms do not 

improve or worsen (207, 208). 

After adjusting for baseline MRR frequencies, presenting with fever had the strongest 

association with a malaria recording, followed by a non-fever malaria symptom, a diagnosis for 

an URTI and a prescription for antibiotics, respectively, indicating that after adjusting for 

baseline reasons for consultation; misdiagnoses recordings have a weaker association with 

malaria than symptoms of malaria. For example even though there were more prescriptions for 

antibiotics (n=107) than there were recordings of fever (n=69) during the case period, when 

adjusting for fixed and time varying confounders and taking into account baseline fever and 

antibiotic recordings, a recording of fever had a stronger association with a recording of malaria 

than an antibiotic prescription. Despite this, this study objectively demonstrates that malaria is 

commonly diagnosed as an URTI and antibiotics are inappropriately used to treat malaria 

symptoms when malaria was not considered. Similar to other studies, this study also shows that 

patients who present with malaria are occasionally misdiagnosed with a flu/viral illness, 

however the small numbers of individuals with a flu/viral recording were not sufficient to detect 

a significant differences in the frequency of recording compared to baseline. 

6.8.4 Strengths 

This is the first study to use prospectively collected data from clinical care to investigate primary 

care consultations prior to a diagnosis of malaria. This has resulted in the identification of 

consultations related to malaria when a diagnosis of malaria was not considered. Additionally, 

the prospective nature of the database, and, recording at the time of consultation also reduces 

the likelihood of recall bias. Furthermore, having data on the complete sequence of care prior 

to a malaria diagnosis, dependent on completeness of recording in THIN, allowed me to identify 

and exclude consultations related to attending healthcare prior to travel. The availability of 

baseline data also allowed me to adjust for individual level variation in consultation frequency 

and allowed me to take into account longstanding symptoms which would have otherwise been 

attributable to malaria using a case series only approach. This allowed me to identify which 

MRRs are most associated with a recording of malaria. 
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6.8.5 Limitations related to recording of data 

Given that the main use of the software used to collect data for THIN is patient management 

and not medical research, data directly relevant to the patient’s care are more likely to be 

recorded in THIN compared to data which are not. This has several implications on the 

interpretation of findings of this study. Firstly, when investigating MRR, absence of a recording 

of a symptom does not necessarily infer that the individual did not present with that symptom; 

the clinician recording the data may record a main presenting complaint only (i.e. if a patient 

presents with a high fever, fatigue and a mild headache, the clinician may only record a Read 

code for fever during the consultation). Secondly, the larger number of prescriptions during the 

case period compared to those who present with fever could reflect better recording for 

medications in the therapy records as opposed to fewer individuals who present with fever. 

Furthermore, some individuals who contract malaria have a cyclical pattern of fever spikes 

associated with the duration of the reproductive cycle of the infecting species (P. falciparum, P. 

vivax and P. ovale: 48 hour intervals; P. malariae: 72 hour intervals) (209). This could result in a 

patient describing having fever which may not be present at the time of the consultation and 

therefore reducing the likelihood of the episode of fever to be recorded and captured in THIN. 

Finally, as described in in an earlier chapter (Section 4.6.3), the poor recording of parasite species 

in THIN makes it difficult to analyse differences in consultation frequencies and diagnostic delays 

by infecting plasmodium species. However, given that in clinical practice information on parasite 

species is only available after a diagnosis is made, and the focus of this review relates to the 

period prior to a diagnosis, it is more useful to interpret the findings related to malaria in general 

as opposed to by parasite species. This reflects the decision making process of the clinician when 

considering a differential diagnosis of malaria (i.e. a clinician would need to consider a diagnosis 

of malaria when ordering an investigation, without having to suspect which species resulted in 

the infection). 

With regards to the duration of MDD by presentation, individual non-fever malaria symptoms 

could have resulted in different durations of delay, however the small numbers meant this group 

had to be combined. 

6.8.6 Limitations related to event date 

Using THIN to obtain information related to a malaria diagnosis, could result in an inaccurate 

recording as patients are frequently diagnosed with malaria in secondary care (81). Although 

diagnoses made in secondary care are usually captured in THIN (e.g. through the discharge 

summary sent from the hospital or through a patients subsequent post discharge visit to the 

GP), potential issues related to the timing of a malaria diagnosis may arise due to the 
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retrospective coding of an event which had occurred in a non-primary care setting. Given the 

short risk period used in this study (4 weeks), even small inaccuracies in the timing of an event 

could have a large impact in the number of consultations identified during the case period. This 

is because most consultations occur in the week before a diagnosis of malaria (Section 6.7.2); 

thus an inaccurate recording of the event date would underestimate the number of 

consultations during the case period. This was minimised by excluding those with retrospective 

diagnoses, however a possibility of miscoding still remains if historic diagnoses are recorded as 

new events (e.g. recording malaria on the same day as when an individual presents to the GP 

post discharge, as opposed to when the individual was diagnosed). 

6.8.7 Limitations related to missing data 

There are a number of limitations related to missing data to consider. Firstly, only 71% of the 

cases identified in the incidence study (Chapter 4) could be included in this study due to cases 

being excluded for having a retrospective recording for a malaria event. However, there was no 

difference in the demographic characteristics between the cases identified in the incidence 

study and those included in this study (Table 6-1). Secondly, data from private travel clinics are 

not captured by THIN, however, this would have no impact on this study as the reason for 

identifying pre-travel consultations was to exclude them from the case and control period to 

avoid inflating consultations due to the confounding effect that pre-travel consultations have on 

those who contract malaria. Thirdly, data related to travel is not captured in THIN. This could 

result in underestimation of consultations and MRRs as individuals may develop symptoms 

during the four week case period whilst they are still abroad and only get a recording for malaria 

when they return and follow-up with their GP. This could also result in underestimation of the 

median duration of delay to diagnosis as healthcare contacts while they are abroad are not 

captured. Similarly, even within the UK, non-primary care healthcare contact during the case 

period is not captured in THIN resulting in a similar underestimation of MDD to seeking 

healthcare while being abroad. Therefore, it is important to interpret the findings in the context 

of a primary care setting (I.e. although malaria diagnoses may be missed in other settings, 

information generated from this setting can still be used to reduce the likelihood of primary care 

related delay). 

Additionally, although including individuals with a minimum duration of 13 months between 

registration with the GP and the date of diagnosis ensured all the included cases were able to 

contribute data to the control period, it could have resulted in the exclusion of newly registered 

patients who had presented with malaria. In relation to those who acquire malaria in the UK, 

this would specifically exclude recent migrants and short term visitors from an endemic country. 

In 2018, PHE reported that 9% of those diagnosed with malaria were new entrants to the UK 
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and 5% were short-term visitors to the UK (10).Therefore, interpretation of the results 

presented in this chapter should not be generalised to these groups. 

Similar to my previous studies in this thesis, it would have been useful to investigate differences 

in consultation frequency by ethnicity, however the large amount of missing data made this 

difficult. This would have been specifically useful as perceptions regarding the risk of acquiring 

malaria, perceptions on the severity of illness and patterns of health seeking behaviour after 

contracting malaria differ in those who visit friends and relatives in their country of origin 

compared to other types of travellers, all of which could have an effect on consultation 

frequency (210-213). However, for this study, the analysis using a SCCS approach would 

implicitly control for the effects of ethnicity on consultation frequency as it is a fixed confounder. 

 

6.9 Context of this chapter in overall work 

In this chapter, I have presented the results of: the SCCS investigating consultation rate 

differences in the period before a diagnosis of malaria compared to baseline; the SCCS 

identifying MRRs associated with a recording of malaria and; a case series analysis looking at the 

duration of delay between a first recording of an MRR and a malaria diagnosis. In Chapter 7, I 

will place the findings of all studies in this thesis in the context of existing literature and describe 

the implications of my findings on public health policy and clinical practice. I will also discuss 

avenues for future research highlight the key findings of this thesis. 
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Chapter 7. Discussion 

7.1 Chapter overview 

In this chapter, I will summarise the key findings from my four previous studies, I will also place 

the findings of the different studies within the context of existing literature. I will also discuss 

the implications of my findings for clinical and public health practice and policy, and suggest 

potential directions for future research. 

7.2 Key findings 

A summary of each study and the key findings are described below: 

1. Time delays in the diagnosis and treatment of malaria in non-endemic countries 

My systematic search of the literature identified 69 studies which were relevant for inclusion in 

the review (Chapter 2). I found that a large number of these studies reported a clinically 

significant diagnostic delay of greater than four days and that patient delays account for a large 

proportion of the diagnostic delay. However, based on the retrospective nature of the studies 

included in the review, I hypothesised that the duration of patient delay reported in these 

studies could be overestimated as previous healthcare contact might not be captured. That also 

meant that medical delays would be underestimated, however there were a limited number of 

studies identified that reported data on medical diagnostic and treatment delay. The three 

studies with data available on medical delays in those diagnosed with P. falciparum reported a 

median medical diagnostic delay of 0 days. Interestingly, findings from my fourth study showed 

that 33% of individuals with a precise date of diagnosis for malaria in THIN had attended primary 

care with a malaria related recording prior to a diagnosis being made. This would support my 

hypothesis on the underestimation of medical diagnostic delays and overestimation of patient 

diagnostic delays reported in the systematic review. 

2. Incident cases of malaria identified in The Health Improvement Network 

In Chapter 4, I identified 1,474 individuals with a recording of malaria in THIN between 2005 and 

2016. There was a decreasing trend in the number of recordings over time and the findings 

suggested that men, those aged 40 to 49 years, those who were most deprived and individuals 

living in London were associated with higher rates of malaria recordings. Ethnicity was poorly 

recorded in THIN with missing data for 40% of the cases identified in the study. In those where 

data on ethnicity was available, the rate of malaria recording was higher in those who were non-

white compared to those who were white. However, the reported incidence rates by ethnicity 

are not directly comparable as those who are non-white are more likely to have a recording for 

ethnicity than those who are white. Compared to data from Public Health England (PHE), there 
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were proportionally more cases identified in THIN outside London and the decrease in the 

number of cases over time in THIN exceeded that of PHE. 

3. Trends in recording of malaria chemoprophylaxis prescriptions in THIN 

In Chapter 5, using an algorithm to exclude prescriptions indicated for treatment of malaria and 

other non-malaria indications, I identified 306,758 recordings for atovaquone-proguanil, 

mefloquine and doxycline with atovaquone-proguanil being the most commonly prescribed 

medication for malaria chemoprophylaxis during the study period. The large number of 

indications doxycycline can be prescribed for meant that the number of prescriptions identified 

as being for prophylaxis is likely to be overestimated as medication prescribed for other 

indications without a recording for that indication would have falsely been identified as being 

for prophylaxis. However, although less reliable than results for atovaquone-proguanil and 

mefloquine, the algorithm does give an upper boundary for the prescription rate for doxycycline 

prophylaxis. Taking the limitations of doxycycline prescriptions into account, findings of this 

study show that deprivation is associated with the type of medication prescribed. Those who 

were least deprived were more likely to be prescribed the more expensive atovaquone-

proguanil than those who were most deprived, while the reverse trend was observed for 

mefloquine, which is cheaper. I also found that there was a profound decrease in the number of 

pre-travel consultations in 2012 which correlated with the introduction of Patient Group 

Directives for prescriptions of malaria prophylaxis. Prescription rates for atovaquone-proguanil 

and mefloquine decreased over time, and the findings suggested that women, those aged 18-

65 and individuals living in London were more likely to receive a prescription for these 

medications. 

4. Missed opportunities in the diagnosis of malaria: a self-controlled case series 

In Chapter 6, I used findings from my three previous studies to inform the design of this study 

which used a self-controlled case series approach to identify primary care consultations related 

to malaria infection and to quantify the delay between the first malaria related presentation and 

a diagnosis of malaria. The participants included malaria cases identified in Chapter 4 who had 

a precise date for their malaria diagnosis. The duration for the case period (four weeks) was 

based on findings of the systematic review (Chapter 2) which showed that diagnoses of malaria 

rarely exceeded a period of four weeks from symptoms onset. Pre-travel consultations identified 

in Chapter 5 were excluded as the focus of the study is to investigate the sequence of care after 

return from travel. Findings from this study support my hypothesis from the systematic review 

suggesting that medical diagnostic delay is underestimated as 33% of individuals with a diagnosis 

of malaria had presented with malaria related symptoms where malaria was not recorded. The 
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median duration of delay to diagnosis (malaria recording) from first presentation to healthcare 

was greater than six days in these individuals. The study also showed that although fever was 

the symptom most associated with a diagnosis of malaria, presenting with non-fever malaria 

symptoms was more likely to result in a delay to diagnosis as malaria is less likely to be 

considered. The study also showed that 10.2% of malaria cases had a recording for an antibiotic 

prescription, upper respiratory tract infection or the flu in the period immediately preceding a 

malaria diagnosis. This suggests that individuals were being managed for conditions and malaria 

was not considered. 

7.3 The relationship between malaria prophylaxis and sociodemographic factors 

When interpreting the rates of recording for malaria (Chapter 4) in conjunction with the rates of 

malaria chemoprophylaxis prescribing (Chapter 5) in UK primary care, the results suggested that 

those who were most deprived were more likely to have a recording of malaria, whilst having 

the lowest combined prescription rate for receiving any malaria chemoprophylaxis. Although it 

would be difficult to definitively conclude that increased level of deprivation results in 

decreasing chemoprophylaxis use and in turn results in higher rates of malaria (as information 

on chemoprophylaxis use from non-primary care settings and choice of travel destination by 

level of deprivation is not captured in this study), it does support the hypothesis that it may be 

the case (214).  

One factor suggested for this decreased uptake of preventative measures in those who are most 

deprived is that the expense for it is discretionary as opposed to treatment measures, which is 

based on need (215). Although prescriptions for chemoprophylaxis in the UK have been issued 

on a private prescription since 1995 (69), the three boroughs with the highest number of malaria 

cases in London (Lewisham, Southwark and Lambeth) continued to provide their residents with 

malaria chemoprophylaxis on an FP10 (NHS) prescription up to October 2017 (216, 217). Given 

the association between socioeconomic status and uptake of chemoprophylaxis medication, it 

remains to be seen whether the discontinuation of the provision of chemoprophylaxis results in 

an increase in the number of cases of malaria in those boroughs.  

A similar trend was seen by sex, men were more likely to have a recording for malaria (Chapter 

4) but were less likely to be prescribed malaria chemoprophylaxis than women in primary care 

(with the exception of doxycycline, which is contraindicated in pregnancy or women intending 

to conceive) (Chapter 4). Given that more men travel to malaria endemic areas than women 

(73), this finding would support the hypothesis that men are less likely to take chemoprophylaxis 

than women (160). A study by Schlagenhauf et al looking at gender differences in morbidity 

following travel in 58,908 with travel related illness reported similar findings (160). Adjusting for 
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age, travel duration, pre-travel encounter, reason for travel, and geographical region visited, the 

authors found that men were 54% more likely to acquire malaria than women (OR Female:Male 

= 0.46, 95%CI = 0.41-0.51) while being 28% less likely to attend for pre-travel advice than women 

(OR Female:Male = 1.28, 95%CI = 1.23-1.32) (160). 

Findings on the rate of malaria recording and chemoprophylaxis prescription rate by region and 

age group correlated with UK travel patterns, with those in London and those between the ages 

of 18 and 65 years being more likely to travel to malaria endemic countries, and to receive 

malaria prophylaxis and to have a recording of malaria (73). 

7.4 Medical delays and missed opportunities in diagnosing malaria in primary 
care 

Although findings from Chapter 6 show that delays in diagnosis do occur and that 10.2% 

(107/1,044) of the cases of malaria had a recording for a misdiagnosis in primary care, it is likely 

to be an underestimation. This is because only consultations with a recording of one of the pre-

defined Read codes used to identify a misdiagnosis would be captured in the study. However, 

the study also showed that 48% of cases had attended primary care in the period preceding a 

diagnosis of malaria giving an upper limit to the number of individuals who could have had an 

earlier diagnosis in primary care. It does not take into account healthcare contact in other 

settings (e.g. if the individual had presented to A&E or presented to a healthcare facility while 

still abroad prior to returning to the UK) therefore it is important to interpret the findings in the 

context of the primary care setting. 

In two European studies that included data from both primary and secondary care, a larger 

proportion of cases had previous contact with healthcare where a diagnosis was missed, 

compared to that reported in this thesis (104, 218). This would support my hypothesis that my 

findings of previous healthcare contact are underestimated. Specifically, Bottieau et al reported 

that 39 out of 98 individuals (40%) diagnosed with non-falciparum malaria in Antwerp had 

previous healthcare contact where a diagnosis was missed (218). Similarly, a study that included 

15 individuals diagnosed with severe malaria at a Barcelona hospital found that 9 individuals 

(60%) had previous healthcare contact where malaria was missed (104). 

Furthermore, misdiagnosis (i.e. having a recording for an URTI, flu/viral illness or an antibiotic 

prescription) in individuals presenting with malaria infection resulted in a delayed diagnosis of 

8 days. This is a longer delay compared to a retrospective chart review of 121 lab confirmed 

cases of malaria by Dorsey et al., which reported a mean delay to therapy after misdiagnosis of 

5.6 days (110). However, the different setting (hospital – easier access to lab investigations) and 

the lack of primary care data in the hospital record (restricting the duration of delay from initial 
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contact with secondary care regardless of prior evaluations in primary care) could explain the 

longer duration of delay in my study (Chapter 6). 

7.5 Limitations related to the absence of recording of reason for travel in THIN 

The lack of recording of reason for travel in THIN meant that I was unable to explore whether 

delays to diagnosis and treatment differ in VFR travellers compared to other types of traveller. 

This would have been useful as existing research exploring perceptions of VFR travellers related 

to diagnosis and treatment of malaria in the UK suggests that delays are more likely to occur in 

this group (17).  A qualitative study by Neave et al revealed that several VFR travellers who had 

past experiences with malaria had a false confidence in their ability to self-diagnose malaria 

from clinical symptoms which could result in their delay in seeking healthcare (17). Several of 

the participants in the same study were also confident about their ability to self-treat with few 

being aware of parasite resistance to some antimalarials, potentially resulting in delays to 

appropriate treatment (212). Furthermore, some individuals who took prophylaxis had bought 

the medication once they arrived to the endemic country as it was cheaper, leaving them 

vulnerable to contracting malaria for the duration until protective blood levels of the medication 

are reached (17, 51). Other factors suggested for increased delay to diagnosis and treatment in 

VFRs include their lack of confidence in the knowledge of health care staff in the UK at 

recognising malaria and administering appropriate treatment, with some participants favouring 

self-treatment, or in some cases, seeking care from doctors from a similar background to them 

who had prior experience of living in a malaria-endemic country (51). 
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7.6 Implications for clinical practice and public health policy 

7.6.1 Implications for clinical practice in primary care 

Findings from both the systematic review and the self–controlled case series showed that 

diagnostic delays are common, reinforcing the need for promoting strategies that reduce both 

patient and healthcare related delays. The findings support and highlight the importance of 

interventions that encourage travellers to seek pre-travel health advice; which can inform them 

on recognising malaria symptoms and to seek healthcare promptly (219). Additionally, it is 

important for health professionals giving pre-travel health advice to remind travellers that 

malaria symptoms can develop up to one year after return from travel (Chapter 2) as this could 

make the travellers more likely to disclose their travel history and healthcare providers more 

likely to consider a diagnosis of malaria if symptoms were to arise within that period. This is 

particularly important as recording of a travel history during initial consultation is frequently 

insufficient and inadequate (220) and malaria symptoms (e.g. fever) are non-specific and are 

routinely seen in primary care in individuals without a malaria diagnosis (221). Other strategies 

that could be used to improve travel history taking can include the addition of a screening 

question on recent travel completed by reception staff or practice managers when a patient 

attends to see a GP; the display of posters in the consultation room reminding primary care staff 

to take travel histories; and the display of posters in the waiting room reminding patients to 

offer information on recent travel (220). 

7.6.2 Education of primary care staff 

The lack of recording for malaria when individuals present with malaria symptoms (Chapter 6) 

highlight the need for further training of GPs to increase their clinical suspicion of malaria. One 

approach to deliver this training is through clinically orientated E-learning modules. These have 

been shown to be just as effective as lecture based teaching yet allowing for greater flexibility 

on when and where the teaching is delivered (222). This greater flexibility afforded to GP’s could 

result in increased uptake as an increasing workload make time a scarce resource for GPs (223). 

Furthermore, an e-learning module aimed to increase the knowledge of healthcare workers on 

the investigation, diagnosis and treatment of fever in the returning travellers to ensure timely 

evaluation and initial management has already been developed (224). Given that the 

effectiveness of this intervention relies on primary care staff to complete the training, future 

studies can investigate facilitators and barriers to its uptake and evaluate whether completing 

the e-learning module reduces delays in diagnosis. 

Moreover, increased postgraduate training in travel medicine for primary care staff can also 

result in improvements in malaria chemoprophylaxis uptake in those who consult primary care. 
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A survey of 253 primary care staff in the UK showed that those with previous training in travel 

medicine were more likely to give appropriate pre-travel health advice than those without (225). 

The same survey also showed that only 27% of GPs had any training in travel health, and in 72% 

in those who did, the training consisted of a course which lasted less than 7 days (225). A similar 

survey in Australia of 563 GPs identified a lack of training in travel medicine as a barrier to the 

provision of pre-travel healthcare to travellers (226). Similarly, only 19% of the respondents had 

any training in travel medicine after their undergraduate degree, with most receiving the 

training through conference attendance and short courses (226). Both these studies highlight 

the scope for improvement given that even brief interventions could be beneficial. 

Training for primary care staff should also include increased awareness that VFR travellers have 

a higher risk of acquiring malaria. Given that VFR travellers are less likely to seek pre-travel 

health advice, the greater awareness could create more opportunities to provide pre-travel 

health advice (227). Routinely enquiring about future travel plans during consultations in 

individuals originating from high malaria risk areas could provide an opportunity to provide pre-

travel consultations in individuals who would otherwise not seek it prior to travel (227). 

7.6.3 Implications for use of diagnostic technologies 

Findings from Chapter 6 showed that there were frequent recordings for non-malaria conditions 

preceding a recording of malaria, indicating that malaria may not have been considered, 

therefore strategies that identify cases in the absence of clinical suspicion should be encouraged 

as well. A review by Campuzano-Zuluaga et al suggested that automated haematology analysers 

could be used as a diagnostic tool to help reduce diagnostic delays in febrile patients where 

malaria was not considered, by screening for malaria when routine blood investigations (i.e. Full 

blood count) are requested (228). This could flag suspected malaria cases when an explicit 

request for microscopy has not been made, prompting further investigation to confirm a 

diagnosis. Several techniques have been developed to do this depending on the analyser used 

to perform the investigation. They range from including a process to detect a malaria specific 

pigment (hemazoin) to using an algorithmic approach based on malaria related changes to tests 

included in a full blood count (228). This algorithmic approach could prove particularly useful 

with complete recording of individual test results in electronic health records as the algorithm 

could be run without changing laboratory procedures or the need to install costly malaria 

pigment detectors in the automated haematology analysers. Several studies that have evaluated 

the malaria diagnostic accuracy of this approach have reported sensitivities that comply with 

WHO diagnostic guidelines which recommend a test to have 95% sensitivity at parasite densities 

of 100/µlitre to reduce the risk of missing true-positive cases (229, 230). 
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7.6.4 Use of EHR to improve national surveillance 

Given that malaria is known to be underreported in the UK, the algorithm that I developed to 

help identify cases of malaria in Chapter 4 can be incorporated to existing IT systems to alert 

primary care staff to provide timely notification of cases (142). However, the degree of 

improvement in reporting as a result of this ultimately depends on the underlying reason for 

why cases are not reported (i.e. it might improve if the reason for not reporting is a lack of 

awareness that malaria is a notifiable disease, on the hand it might have less of an effect if the 

reason for not notifying is a lack of time). Nonetheless, it is likely to increase completeness. For 

example, in the United States, the incorporation of algorithms based on case definitions to 

identify other infectious diseases in electronic health records resulted in an annual increase of 

39% in reported chlamydia and 53% in reported gonorrhoea, compared with their passive 

surveillance system alone (clinician-initiated or laboratory based notification) (231).  

Moreover, the improved geographical information on the distribution of cases obtained from 

electronic health records compared to data obtained through national surveillance (Chapter 4) 

can help with resource allocation and delivery of malaria prevention and treatment services as 

it can identify “hot spots” for intervention. Furthermore, the use of routine data can 

complement traditional surveillance by providing detailed clinical information that would 

otherwise not be available on a standard notification form, albeit being restricted to information 

deemed clinically important during the consultation. Where data are unavailable, electronic 

health records provide the potential for improved recording of data relevant to the surveillance 

of malaria by integrating a malaria specific surveillance module which prompts for important 

information to be recorded (e.g. ethnicity, travel destination, chemoprophylaxis use and 

parasite species) (232).  

7.6.5 Cost and access to malaria chemoprophylaxis 

Given the association between chemoprophylaxis use and level of deprivation, strategies that 

improve chemoprophylaxis uptake in those who are more deprived should be promoted. 

Although a number of factors affect an individual’s choice on whether to take chemoprophylaxis 

prior to travel, studies exploring barriers to uptake reported that cost was a major factor for 

their respondents (51, 52, 233). Therefore, subsidising the cost of the medication could result in 

the medication being more accessible to those who are more deprived. Studies conducted in 

France and Switzerland have shown this to be a cost-effective approach based on the number 

of travellers to endemic areas and the number of imported malaria cases in those countries (234, 

235). In the UK however, a comparative policy analysis by Neave et al compared the incidence 

of malaria in Lambeth where malaria prophylaxis was subsidised to Hackney where malaria 

prophylaxis is not subsidised, and showed that subsidies had a marginal impact on the number 
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of malaria cases (236). The authors suggested that the difference in the incidence rates (Malaria 

incidence 2007-2010; Hackney: 96.0 per 100,000 residents, Lambeth: 77.9 per 100,000 

residents) was less than what might be expected given the substantial difference in the number 

of prophylaxis prescriptions issued in the two boroughs (Prescription rate 2007-2010; Hackney: 

1,521.6 per 100,000 residents, Lambeth: 10,263 per 100,000 residents). However, despite the 

authors comparing two boroughs with similar representation in terms of ethnicity and 

socioeconomic status, other sources of heterogeneity between the boroughs make it difficult to 

quantify the actual effect of subsidies in the reduction of cases of malaria in Lambeth. Especially 

given that Lambeth had a higher incidence of malaria when NHS prescriptions for malaria 

prophylaxis in Hackney were discontinued (216). Furthermore, the removal of subsidies could 

result in those who are more deprived to opt for cheaper antimalarial options (doxycycline and 

mefloquine) (chapter 5), which are associated with decreased adherence compared to 

atovaquone-proguanil (64). Therefore, further research is needed to determine the benefit and 

cost-effectiveness of subsidies in the UK. 

7.6.6 Implications for improving uptake of malaria prophylaxis amongst men 

Findings from Chapters 4 and 5 showed that men were more likely to have a recording for 

malaria, less likely to attend for pre-travel advice and less likely to receive a prescription for 

malaria prophylaxis compared to women. Stienlauf et al hypothesised that the increased rates 

of malaria in men could be due to increased risk-taking behaviour, including travel to more 

remote areas where the risk of acquiring malaria is higher (161). Similarly, a systematic review 

looking at gender-related differences in tourism related risk found that in the majority of studies 

where gender differences in the tourist risk experience was observed; female tourists perceived 

a greater risk, were more risk adverse and took less risk than males, explaining their increased 

uptake of pre-travel health services and malaria prevention measures (237). These gender 

related differences in risk perception and their implications on an individual’s health behaviour 

could be attributed to culturally adopted concepts about masculinity and femininity (238). Some 

health related beliefs and behaviours used to demonstrate masculinity include the denial of 

weakness and vulnerability, the dismissal of any need for help, and an appearance of being 

strong and robust, while rejecting health seeking behaviours, and health promotion, which are 

seen as feminine (238). This highlights the need for strategies that offer men an opportunity to 

redefine their masculinity by challenging restrictive stereotypes where health promoting 

behaviours are seen to be incompatible with being masculine; in order to improve their pre-

travel healthcare contact, malaria chemoprophylaxis uptake and adherence to mosquito bite 

avoidance strategies (239).  For example, global gender specific health campaigns such as the 

Movember movement have been successful in revising masculine ideals and actively challenging 
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the stereotype that men are not interested in their health and the health of other men by 

encouraging participants to display their support for men’s health causes (239). 

7.6.7 Awareness raising opportunities in VFR groups 

Despite the lack of recording for reason of travel in those who have a recording for malaria in 

THIN, it is likely that a large proportion of the cases identified in Chapter 4 occurred in those 

who visited friends and relatives in a malaria endemic area; given that 69% of the cases captured 

in 2018 through malaria surveillance were VFR travellers (10). Therefore, targeted interventions 

to increase uptake and adherence to appropriate malaria prophylaxis regimens in this traveller 

group could potentially result in a reduction in the number of cases of malaria imported to the 

UK.  

Current UK guidelines suggest that healthcare workers, including primary care practitioners have 

a role in delivering appropriately tailored health information targeted to migrant communities, 

especially of African descent, to counter misconceptions prevalent in this group (Section 7.5) 

(54). These include increasing awareness that: malaria is not a trivial disease, immunity is lost 

rapidly after migrating to a non-endemic country, second generation migrants have no clinically 

relevant immunity and highlighting the importance of mosquito bite avoidance and 

chemoprophylaxis (54). Behrens et al suggests that alternative strategies should also be 

considered in addition to the increased awareness approach described in the UK guidelines to 

further reduce the malaria burden in VFR travellers (211). One suggested strategy is to use a 

harm reduction approach through the use of standby emergency treatment (SBET), where an 

antimalarial is given prior to travel to manage fevers while abroad. Given that VFR travellers 

frequently self-treat when they develop a fever, prescribing SBET prior to travel reduces the risk 

of using ineffective treatment regimens (e.g. chloroquine in when travelling in areas with known 

resistance) or using poor quality/counterfeit medication by purchasing from unlicensed vendors 

while abroad (211). However, it could also result in inappropriate management of non-malaria 

fevers and for individuals to be less likely to seek healthcare, therefore further research is 

needed how to best deliver SBET while minimising the risks associated with self-management. 

7.7 Future research directions 

7.7.1 Including data from secondary care 

The use of primary care electronic health records meant that findings of my research are 

restricted to the primary care setting. Given that patients with malaria may seek healthcare from 

primary or secondary care services, future studies should ideally investigate presentations to 

both settings prior to a diagnosis being made.  
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One method of investigating this would be to link data from THIN to data from Hospital Episode 

Statistics in individuals who have a record in both databases. This could provide a more accurate 

reflection of medical diagnostic delay as secondary care contact would be captured. It would 

also reduce the amount of missing data on ethnicity, with Mathur et al reporting completeness 

of 97% in those with a record in both a primary care database and HES (169). The improved 

completeness could allow for the potential confounding effects of ethnicity to be taken into 

account when investigating the association between sociodemographic characteristics and 

malaria/ chemoprophylaxis use, as the reduction of the bias introduced by missing data could 

allow ethnicity to be adjusted for in the analysis (Chapter 4 and 5). Other benefits of HES linkage 

include: the identification of further cases of malaria in individuals registered with a practice 

contributing data to THIN and not captured by the algorithm described in Chapter 4; the 

availability of additional information on parasite species; and, for the self-controlled case series, 

where time of event is important, additional information on time of diagnosis (240). However, 

considerations should be made with regards to the decreased sample size as only 23% of the 

practices in THIN have been linked with HES (241). Other primary care databases, where a larger 

proportion of practices are linked to HES (e.g. CPRD GOLD – 56% of practices HES linked and 

CPRD AURUM – 43% of practices HES linked – as of June 2018) were unavailable to me. These 

could be used to increase the number of cases who have both primary and secondary care data. 

7.7.2 EHRs and Malaria surveillance 

As discussed earlier, EHRs could have a role in improving reporting for infectious diseases by 

incorporating an algorithm to automatically identify cases based on data entered in the record 

(231). To investigate whether this is the case in the UK for malaria, a pilot study could be 

conducted looking at whether cases identified by the algorithm are captured by the MRL. The 

pilot could also be used to investigate the sensitivity and specificity of the algorithm at 

identifying cases of malaria.  

EHRs also provide the opportunity for timelier reporting of data compared to routine 

surveillance. For example, the RCGP research and surveillance network (RCGP RSC) provide 

“real-time” publicly available data on the weekly incidence of several seasonal illnesses through 

algorithms identifying the conditions in EHRs. For these conditions, the timely reporting has 

helped identify outbreaks and provided the opportunity for early intervention (123). For malaria, 

although the numbers are smaller and the absence of local vectors forgo the need for timely 

interventions to prevent onward transmission, timely reporting can provide up to date 

information on trends in the number of malaria cases and in malaria chemoprophylaxis use to 

help inform commissioning decisions. Future studies can evaluate whether establishing a similar 

platform for malaria to the one used for seasonal illnesses by the RCGP RSC is feasible. 
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7.7.3 Chemoprophylaxis use 

Findings from Chapter 5 showed that prescriptions for antimalarial medication in primary care 

followed a decreasing trend between 2005 and 2016. In that chapter I hypothesized that service 

and policy related changes resulted in a shift in where travellers opt to receive medication from 

potentially explaining the decline in the number of prescription in primary care. Future studies 

exploring chemoprophylaxis uptake and identifying where individuals seek pre-travel health 

advice can help inform future policy. Airport surveys of travellers to malaria endemic countries 

which are high risk for transmission have been used to explore preventative measures taken 

prior to travel (242-244). Although they have limitations (e.g. may only capture passengers who 

are travelling on direct flights to a malaria endemic country, which could be more expensive 

than connecting flights and therefore would represent a different population), they could 

provide a more accurate reflection of actual travel practices than surveys conducted in the 

community (245).  

7.7.4 Medical diagnostic delay 

Although findings from Chapter 6 provide further insight on MDDs compared to the studies 

reporting data on MDD in the systematic review (Chapter 2), the limitations associated with data 

recording in THIN (i.e. the absence of a recording of Read code for a symptom/syndrome in THIN 

does not meant that an individual did not present with that symptom), meant that even the 

findings reported in Chapter 5 are likely to underestimate medical diagnostic delays. An 

approach to consider would be to use free text to extract more symptom related information to 

identify additional malaria related consultations (246, 247). Recent advances in the use of 

machine learning to extract relevant data from free text could make this approach more feasible 

compared to manual review. Wang et al developed and tested a machine learning algorithm and 

had found it to be effective at extracting diagnoses of ovarian cancer and angiogram 

investigation results from the free text (248). Using a similar technique, a machine learning 

algorithm developed for malaria could potentially yield additional information on parasite 

species in those with a Read code for malaria. It could also result in the identification of 

additional cases. The lack of a recording for a malaria microscopy result in the Additional Health 

Records despite a recording for the investigation being ordered resulted in me inferring that an 

individual had malaria if they had received treatment after a test was ordered. The extraction of 

positive malaria microscopy results from free text can identify cases who had a recording for the 

investigation but had no record for treatment in primary care and were therefore not captured 

using the algorithm described in Chapter 4. 

Other avenues for future research could explore why medical diagnostic delays occur. Further 

research using electronic health records could investigate GP factors (e.g. practice size, location 
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of practice, malaria caseload of the practice, the role of the GP and the type of consultation) 

associated with missed opportunities for diagnosis in those with a malaria related recording 

prior to diagnosis to identify areas for further education and training. Although the sample size 

(n=166 individuals with a malaria related recording prior to diagnosis) in Chapter 5 would be 

insufficient to explore this, the potential for linkage of multiple primary care datasets and the 

extraction of relevant data from free text could increase the numbers in order for this to be 

explored. Qualitative approaches can also be used to explore the views of GPs on the facilitators 

and barriers to prompt diagnosis and treatment of malaria in Primary care to help inform areas 

for intervention.  
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7.8 Conclusions 

Work from this thesis has substantially contributed to the understanding of the sequence of care 

prior to a diagnosis of malaria in the UK with important implications for clinical practice and 

public health policy. Analysis of prospectively collected primary care data revealed that in those 

diagnosed with malaria and seen in primary care in the month prior to diagnosis, a third (33%) 

had presented to their GP with symptoms related to malaria where malaria was not recorded. 

These highlight the extent of potential opportunities where an earlier diagnosis of malaria could 

be made in primary care. Findings from this thesis also showed that patients were frequently 

diagnosed with non-malaria conditions before being diagnosed with malaria indicating that 

malaria had not been considered. Future work investigating the role of interventions that can 

detect malaria in the absence of clinical suspicion is needed. 
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Appendices 

Appendix A. Supplementary material for Chapter 2 

A-1. Summary of malaria reporting agency for each malaria non-endemic 
country 

Countries certified as malaria free by the WHO in 2012 and the reporting agency where 

information on time delays were searched. An (x) indicates that the country was added to the 

WHO supplementary list in 2012. 

Country 
Year Certified 

as malaria 
Free by WHO 

Type of data reported Reporting agency 

Lesotho x Can't access MOH website Ministry of Health 

Mauritius 1973 Surveillence reports incidence. No time delays. Ministry of Health and Quality of 
Life 

Seychelles x Surveillence reports incidence. No time delays. Ministry of Health 

Bahrain x Surveillence reports incidence. No time delays. Ministry of Health 

Jordan x Surveillence reports incidence. No time delays. Ministry of Health 

Kuwait 1963 Surveillence reports incidence. No time delays. Ministry of Health 

Lebanon x Surveillence reports incidence. No time delays. Ministry of Health 

Libya x Surveillence reports incidence. No time delays. Ministry of Health 

Morocco 2010 Surveillence reports incidence. No time delays. Ministry of Health 

Qatar x Surveillence reports incidence. No time delays. Ministry of Public Health 

Tunisia x Diagnostic delay + patient delay ( Alaya-Bouafif 2011) 
National Observatory of New 

and Emerging Diseases of 
Tunisia 

United Arab 
Emirates 2007 Surveillence reports incidence. No time delays. Ministry of Health 

Andorra x No surveillance data on malaria Department of Health 
Armenia 2011 Can't access MOH website Ministry of Healthcare 

Austria 1963 Surveillence reports incidence. No time delays. 
Federal Ministry of Health and 

Womens Affairs 

Belarus x Surveillence reports incidence. No time delays. Public Health Services and 
Medical Science in Belarus 

Belgium 1963 Reflab responsible for surveillance. No data available. 
National reference laboratory 

for infectious and tropical 
diseases 

Bosnia and 
Herzegovina 1973 No info on surveillance Federal Ministry of Health 

Bulgaria 1965 
NATIONAL REFERENCE LABORATORY (NRL) for 

Diagnosis of Parasitic Diseases. Data not available on 
site. 

Ministry of Health 

Croatia 1973 Surveillence reports incidence. No time delays. Croatian Institute of Public 
Health 

Cyprus 1967 No data on imported malaria cases Ministry of Health 

Czech Republic 1963 Surveillence reports incidence. No time delays. Ministry of Health 

Denmark 1963 Surveillence reports incidence. No time delays. Statens Serum Institut 

Estonia x Surveillence reports incidence. No time delays. National Institute for Health 
Development 

Finland 1963 Surveillence reports incidence. No time delays. National Infectious Diseases 
Register (NIDR) 

France (with 
exception of 

French Guiana 
and the island 

Mayotte) 

x Data Reports on time delays Centre Nationaux de reference 
de paludisme 

Germany 1964 Surveillence reports incidence. No time delays. Robert Koch Institute 
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Greece x Surveillence reports incidence. No time delays. Hellenic Center for Disease 
Control & Prevention 

Hungary 1964 Surveillence reports incidence. No time delays. 
National Center for 

Epidemiology 
Iceland 1963 Surveillence reports incidence. No time delays. Directorate of Health 

Ireland 1963 Surveillence reports incidence. No time delays. Health Protection Surveillance 
Centre 

Israel x Surveillence reports incidence. No time delays. Ministry of Health 

Italy 1970 Surveillence reports incidence. No time delays. L’Istituto Superiore di Sanità 
Kazakhstan x No info on surveillance Ministry of Health 

Latvia x Surveillence reports incidence. No time delays. Ministry of Health 

Lithuania x No data on imported malaria cases Ministry of Health 
Luxembourg x No info on surveillance Ministry of Health 

Malta 1963 Surveillence reports incidence. No time delays. Ministry of Health 

Monaco 1963 No info on surveillance Ministry of Health and Social 
Affairs 

Montenegro 1973 Surveillence reports incidence. No time delays. Centre for Disease Control and 
Prevention 

Netherlands 1970 Surveillence reports incidence. No time delays. National Institute for Public 
Health and the Environment 

Norway 1963 Surveillence reports incidence. No time delays. 
Norwegian Surveillance System 

for Communicable Diseases 
(MSIS) 

Poland 1967 Surveillence reports incidence. No time delays. National Institute for Public 
Health 

Portugal 1973 No access to surveillance data National Health Service 
Republic of 

Moldova 
x Surveillence reports incidence. No time delays. Ministry of Health 

La Réunion, 
France 

1979 Data Reports on time delays Agence de Sante ocean Indien 

Romania 1967 No data on imported malaria cases National Centre for Public Health 
Information and Statistics 

Russian 
Federation 

x No data on time delays 
Federal Service for  service of 

consumer protection and 
welfare 

San Marino 1963 No info on surveillance Ministry of Health 

Serbia 1973 Surveillence reports incidence. No time delays. Institue of Public Health of 
Serbia 

Slovakia 1963 No data on imported malaria cases Epidemiological Information 
System 

Slovenia 1973 Surveillence reports incidence. No time delays. Institute of Public Health of 
Republic of Slovenia 

Spain 1964 Surveillence reports incidence. No time delays. Instituto de salud carlos III 

Sweden 1963 Surveillence reports incidence. No time delays. 
National Institute of Public 

Health 
Switzerland 1963 Surveillence reports incidence. No time delays. Federal Office for Public Health 
The former 

Yugoslav 
Republic of 
Macedonia 

1973 Surveillence reports incidence. No time delays. Republic Institute for Health 
Protection 

Turkmenistan 2010 No info on surveillance Ministry of Health 
Ukraine x Surveillence reports incidence. No time delays. Ministry of Health 
United 

Kingdom 
1963 Surveillence reports incidence. No time delays. PHE / Malaria Reference 

Laboratory 
Antigua and 

Barbuda x Surveillence reports incidence. No time delays. Caribbean Public Health Agency 

Bahamas x Surveillence reports incidence. No time delays. Caribbean Public Health Agency 

Barbados 1968 Surveillence reports incidence. No time delays. Caribbean Public Health Agency 

Canada 1965 Surveillence reports incidence. No time delays. Public Health Agency of Canada 

Chile 1968 Surveillence reports incidence. No time delays. Department of Statistics and 
Health Information 

Cuba 1973 Surveillence reports incidence. No time delays. Institute of Tropical Medicine 
'Pedro Kouri' 

Dominica 1966 Surveillence reports incidence. No time delays. Caribbean Public Health Agency 

Grenada 1962 Surveillence reports incidence. No time delays. Caribbean Public Health Agency 

Jamaica 1966 Surveillence reports incidence. No time delays. Caribbean Public Health Agency 
Saint Kitts and 

Nevis x Surveillence reports incidence. No time delays. Caribbean Public Health Agency 
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Saint Lucia 1962 Surveillence reports incidence. No time delays. Caribbean Public Health Agency 
Saint Vincent 

and the 
Grenadines 

x Surveillence reports incidence. No time delays. Caribbean Public Health Agency 

Trinidad and 
Tobago 1965 Surveillence reports incidence. No time delays. Caribbean Public Health Agency 

United States 
of America 1970 Annual surveillance data published National Malaria Surveillance 

System through CDC 
Uruguay x Surveillence reports incidence. No time delays. Ministry of Health 

Venezuela 
(Bolivarian 
Republic of, 

northern part) 

1961 Surveillence reports incidence. No time delays. Ministry of Public Health 

Maldives x No data on imported malaria cases Ministry of Health 

Australia 1981 Surveillence reports incidence. No time delays. National Notifiable Diseases 
Surveillance System 

Brunei 
Darussalam 1987 No data on imported malaria cases Ministry of Health 

China, Taiwan 1965 Surveillence reports incidence. No time delays. Center for Disease Control 

Cook Islands 1963 No data on imported malaria cases Ministry of Health 

Fiji 1963 No data on imported malaria cases Ministry of Health 

Japan x Surveillence reports incidence. No time delays. 
National Institute of Infectious 

Diseases 
Kiribati x No data on imported malaria cases Ministry of Health 

Marshall 
Islands 1963 No data on imported malaria cases Economic Policy, Planning and 

Statistic Office 
Micronesia 
(Federated 
States of ) 

1963 No data on imported malaria cases Department of Health and social 
affairs 

Mongolia 1963 No data on imported malaria cases 
National Center for Infectious 

Diseases 

Nauru 1963 Surveillence reports incidence. No time delays. International Health and Medical 
Services (Australia) 

New Zealand 1963 Surveillence reports incidence. No time delays. 
New Zealand Public Health 

Observatory 
Niue 1963 No data on imported malaria cases Statistics Niue 

Palau 1963 No data on imported malaria cases Ministry of Health 

Samoa 1963 No data on imported malaria cases Ministry of Health 

Singapore 1982 Surveillence reports incidence. No time delays. Ministry of Health 

Tonga 1963 No data on imported malaria cases Ministry of Health 

Tuvalu x No data on imported malaria cases Tuvalu Central statistics division 
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A-2. JBI Critical Appraisal Checklist for Case Series   
Reviewer      Date    
  

 

 

Author       Year  Record Number 
      

 Yes No Unclear Not 
applicable 

1. Were there clear criteria for inclusion in the case 
series?  □ □ □ □ 

2. Was the condition measured in a standard, reliable 
way for all participants included in the case series? □ □ □ □ 

3. Were valid methods used for identification of the 
condition for all participants included in the case 
series? 

□ □ □ □ 
4. Did the case series have consecutive inclusion of 

participants?  □ □ □ □ 
5. Did the case series have complete inclusion of 

participants? □ □ □ □ 
6. Was there clear reporting of the demographics of 

the participants in the study? □ □ □ □ 
7. Was there clear reporting of clinical information of 

the participants? □ □ □ □ 
8. Were the outcomes or follow up results of cases 

clearly reported?  □ □ □ □ 
9. Was there clear reporting of the presenting 

site(s)/clinic(s) demographic information? □ □ □ □ 
10. Was statistical analysis appropriate?  □ □ □ □ 

Overall appraisal:  Include   □ Exclude   □ Unclear  □ 

Comments (Including reason for exclusion) 

           

Checklist obtained from: Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M, Qureshi R, Mattis P, Lisy K, 

Mu P-F. Chapter 7: Systematic reviews of etiology and risk. In: Aromataris E, Munn Z (Editors). Joanna Briggs Institute 

Reviewer's Manual. The Joanna Briggs Institute, 2017. Available from https://reviewersmanual.joannabriggs.org/  
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A-3. Guidance Tool for quality assessment 
 

 

1. Were there clear criteria for inclusion in the case series?   

 

The authors should provide clear inclusion (and exclusion criteria where appropriate) for the 
study participants. The inclusion/exclusion criteria should be specified (e.g., risk, stage of 
disease progression) with sufficient detail and all the necessary information critical to the 
study. 

 

2. Was the condition measured in a standard, reliable way for all participants 
included in the case series? 

The study should clearly describe the method of measurement of the condition. This should 
be done in a standard (i.e. same way for all patients) and reliable (i.e. repeatable and 
reproducible results) way.  

 

3. Were valid methods used for identification of the condition for all participants 
included in the case series? 

Many health problems are not easily diagnosed or defined and some measures may not be 
capable of including or excluding appropriate levels or stages of the health problem. If the 
outcomes were assessed based on existing definitions or diagnostic criteria, then the answer 
to this question is likely to be yes. If the outcomes were assessed using observer reported, or 
self-reported scales, the risk of over- or under-reporting is increased, and objectivity is 
compromised. Importantly, determine if the measurement tools used were validated 
instruments as this has a significant impact on outcome assessment validity. 

 

4. Did the case series have consecutive inclusion of participants?  

Studies that indicate a consecutive inclusion are more reliable than those that do not. For 
example, a case series that states ‘we included all patients (24) with osteosarcoma who 
presented to our clinic between March 2005 and June 2006’ is more reliable than a study 
that simply states ‘we report a case series of 24 people with osteosarcoma.’ 

 

5. Did the case series have complete inclusion of participants? 

The completeness of a case series contributes to its reliability (1). Studies that indicate a 
complete inclusion are more reliable than those that do not. As stated above, a case series 
that states ‘we included all patients (24) with osteosarcoma who presented to our clinic 
between March 2005 and June 2006’ is more reliable than a study that simply states ‘we 
report a case series of 24 people with osteosarcoma.’  



188 
 

 

 

6. Was there clear reporting of the demographics of the participants in the study? 

The case series should clearly describe relevant participant’s demographics such as the 
following information where relevant: participant’s age, sex, education, geographic region, 
ethnicity, time period, education. 

   

7. Was there clear reporting of clinical information of the participants? 

There should be clear reporting of clinical information of the participants such as the 
following information where relevant: disease status, comorbidities, stage of disease, 
previous interventions/treatment, results of diagnostic tests, etc. 

 

8. Were the outcomes or follow-up results of cases clearly reported? 

The results of any intervention or treatment should be clearly reported in the case series.  A 
good case study should clearly describe the clinical condition post-intervention in terms of 
the presence or lack of symptoms. The outcomes of management/treatment when 
presented as images or figures can help in conveying the information to the reader/clinician. 
It is important that adverse events are clearly documented and described, particularly a new 
or unique condition is being treated or when a new drug or treatment is used. In addition, 
unanticipated events, if any that may yield new or useful information should be identified 
and clearly described. 

 

9. Was there clear reporting of the presenting site(s)/clinic(s) demographic 
information? 

Certain  diseases  or  conditions  vary  in  prevalence  across  different  geographic  regions  
and populations  (e.g. women vs. men,  sociodemographic  variables  between  countries).  
The study sample should be described in sufficient detail so that other researchers can 
determine if it is comparable to the population of interest to them. 

 

10. Was statistical analysis appropriate? 

As with any consideration of statistical analysis, consideration should be given to whether 
there was a more appropriate alternate statistical method that could have been used. The 
methods section of studies should be detailed enough for reviewers to identify which 
analytical techniques were used and whether these were suitable. 
 

Guidance tool obtained from: Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M, Qureshi R, Mattis P, Lisy K, 
Mu P-F. Chapter 7: Systematic reviews of etiology and risk. In: Aromataris E, Munn Z (Editors). Joanna Briggs Institute Reviewer's 
Manual. The Joanna Briggs Institute, 2017. Available from https://reviewersmanual.joannabriggs.org/  
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A-4. Results of quality assessment 
A table summarising the results of the quality assessment. 
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Yeruva 2016 Yes Yes Yes Unclear Unclear Yes Yes Yes Yes No 7 
Calvo-Cano 2016 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Teo 2015 Yes Yes Yes No  No No Unclear Yes No Yes 5 
Jaureguiberry 2015 Yes Yes Yes Unclear Unclear Yes Yes Yes Unclear yes 7 
McCarthy 2015 Yes Yes Yes Yes Yes Yes Yes Yes No Yes 9 
Broderick 2015 Yes Yes Yes Yes Yes Yes Yes No No Yes 8 
Thompson 2015 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Chung 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Grynberg 2015 Yes Unclear Unclear No  No Yes Yes Yes Yes Yes 6 
Dakic 2014 Yes Yes Yes Yes Yes Yes Yes No No Yes 8 
Evans 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Odolini 2014 Yes Unclear Unclear No  No Yes Yes No No Yes 4 
Stepien 2003 - 2015 Yes Yes Yes Yes Yes Yes Yes Yes No Yes 9 
Rojo-Marcos 2014 Yes Yes Yes Yes Yes Yes Yes Yes No Yes 9 
Nakayama 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Cordel 2013 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Demaison  2013 Yes Yes Yes No  No Yes Yes Yes Yes No 7 
Maltezou 2013 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Marks 2013 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Roberts 2013 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Camburn 2012 Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes 9 
Rossi 2012 Yes Yes Yes Yes Yes Yes Yes Yes Yes No 9 
Santos  2012 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Checkley 2012 Yes Yes Yes Yes Yes Yes Yes No No Yes 8 
Ramirez-
Olivencia 2012 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Antinori  2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
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Phares 2011 Yes Yes Yes No  No Yes Yes No No Yes 6 
Minodier 2011 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Seringe 2011 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9 
Rey 2010 Yes Yes Yes Yes No No Yes No Yes No 6 
Bruneel 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Arnaez 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Ladhani 2010 Yes Yes Yes No  No Yes Yes Yes No Yes 7 
Pistone 2010 Yes Yes Yes Yes Yes Yes Yes No Yes No 8 
Gonzalez 2009 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Dubos 2010 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9 
Goldfarb 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Leahy 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes No 9 
Khan 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Thierfelder 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Millet 2008 Yes Yes Yes Yes Yes Yes Yes No No Yes 8 
Blonde 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Briand 2007 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Jennings 2006 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Christen 2006 Yes Yes Yes No  No Yes Yes Unclear No Yes 6 
Uzzan 2006 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Bottieu 2006 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Vatan 2006 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9 
Chalumeau 2006 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9 
Parola  2005 Yes Yes Yes Yes Yes Yes Yes No Yes No 8 
Badiaga 2005 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Askling 2005 Yes Yes Yes No  No Yes Yes No No Yes 6 
Miura  2005 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Kitchener 2005 Yes Unclear Unclear No  No Yes Yes Yes No No 4 
Ben-Ami 2005 Yes Yes Yes No  No Yes Yes Yes Unclear Yes 7 
Charles 2005 Yes Yes Yes Yes Yes Yes Yes Yes No Yes 9 
Fernandez-
Lopez 2015 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9 
Kuna 2015 Yes Yes Yes No  No Yes Yes Yes Yes Yes 8 
Subelj 2012 Yes Yes Yes No  No Yes Yes No No Yes 6 
Higa 2013 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9 
Soraa 2006 Yes Yes Yes No  No Unclear Unclear Unclear Yes Yes 5 
CNRP 2006 - 2010 Yes Yes Yes Yes Yes Yes Yes No No Yes 8 
Alaya-Bouafif  2011 Yes Yes Yes Yes Yes Yes Yes No No Yes 8 
D'Ortenzio 2008 Yes Yes Yes Yes Yes Yes Yes No No No 7 
Bouchaud 2012 Yes Yes Yes No  No Yes Yes Yes Yes No 7 
Lanneaux  2016 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10 
Hickey  2011 Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9 
Rabe 2005 Yes Yes Yes No  No Yes Yes No Yes Yes 7 
CDC 2003 - 2014 Yes Yes Yes Yes Yes Yes Yes No No Yes 8 
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A-5. Number of studies contributing data for this review from each country 

A table listing the number of studies included in the review from each country 

Country Number of studies 
France 17 
Spain 8 

UK 6 
USA 4 

Australia 3 
Canada 3 
Japan 3 

Multicentre 3 
Switzerland 3 

Israel 2 
Poland 2 
Tunisia 1 
Belgium 1 
Germany 1 
Greece 1 
Ireland 1 

Italy 1 
Le Reunion 1 

Morocco 1 
New Zealand 1 

Portugal 1 
Qatar 1 
Serbia 1 

Singapore 1 
Slovenia 1 
Sweden 1 
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A-6. Characteristics of the studies included in the systematic review 

The characteristics and reported outcomes of the studies included in the review are summarised below. Key: (*) = mean, (SD) = Standard Deviation, (IQR) = 
Interquartile range. Ranges are reported in brackets. 

Time to the Onset of Symptoms (TOS) 
P. falciparum 

Study 
author 
(ref) 

Year Study design Country 
Study 
period 

Description of study 
participants Description of type of travellers 

Sample 
size 

%  
P.falciparum 

TOS 
(days) 

Quality 
assessment 

score 

Yeruva 
(249) 2016 Retrospective 

chart review USA 1998-
2012 

Patients with a positive 
blood smear for malaria 

29% were recent immigrants from an endemic country, 21% were 
immigrants from an endemic country living in the USA who 

travelled recently to an endemic country, 49% were US citizens 
who travelled to an endemic country, 3% had an unkown travel 

history 

37 84 8* 7 

Dakic 
(250) 2014 

Retrospective 
chart review Serbia 

2010-
2014 

CCS parasitology lab 
cases malaria 
(falciparum) 

Patients were predominantly male (95.6%), and comprised of 
Serbian nationals (88.9) who had travelled to Africa (95.6%). 32 100 

7·8* +/- 
6·9 (0-30) 8 

Camburn 
(251) 2012 

Prospective 
Observational 

Study 

New 
Zealand 

2008-
2009 

Laboratory confirmed 
cases  falciparum malaria 

7 out of 18 were New Zealand Residents. 11 out of 18 were 
refugees from malaria endemic countries 18 100 3 (0-26) 9 

Antinori 
(252) 

2011 Retrospective 
chart review 

Italy 1997-
2007 

Smear +ve falciparum 

55% were EU citizens and 45% were non-eu citizens. Of the 45% 
which were non-eu citzens 27% were recent migrants and 73% 

were settled migrants who visited friends and relatives in a malaria 
endemic area 

228 100 6 10 

Phares 
(253) 2011 

Retrospective 
chart review USA 

2007-
2008 

P. falciparum in refugees 
who received treatment 

for malaria 
Refugees who had resettled from East Africa to the USA 39 100 14 (3-46) 6 

Seringe 
(102) 

2011 Retrospective 
chart review 

France 1996-
2003 

All patients with P. 
falciparum who were 

reported to CNRP 

44.6% were travellers of African origin, 26.6% were European 
travellers, 12.9% were African residents visiting France, and 5.4% 

were European expatriates living in Africa (5.4%); “others” 
represented 10.6% of the cases. 

21,888 100 6 (IQR 1-
12) 

9 

Khan 
(254) 2009 

Retrospective 
chart review Qatar 2005 

Lab confirmed 
P.falciparum 

5% were Qatari residents, 56% were Non-Qatari residents and 39% 
were recent migrants and short term visitors 34 100 14 (1-39) 10 

Briand 
(255) 2007 Retrospective 

chart review France 1993-
2000 

Lab confirmed P. 
falciparum 

74% were born in a malaria-endemic country (mostly in Africa) and 
lived in France 400 100 4 (IQR 1-

10) 10 
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Ben-Ami 
(256) 

2005 Retrospective 
questionnaire 

Israel 1999-
2001 

Laboratory confirmed P. 
falciparum without 
chemoprophylaxis 

All cases consisted of travellers returning from Mombasa, Kenya 
following a short organised tour 

22 100 14 (7-30) 7 

Higa (112) 2013 Retrospective 
study Japan 1998-

2012 
Laboratory confirmed 
cases of P. falciparum 

70% of overall number of cases were Japanese citizens who 
travelled to an endemic area 14 100 

5·2 days 
“average” 

(0-15) 
9 

CNRP (11) 2010 
National 

Surveillance 
data 

France 2010 Notified cases of 
P.falciparum 

22% were caucasian, 74% were of African origin and 4% were of 
other ethnic origin 1725 100 

9* (SD 
25·2) 5 
(IQR 2-

10) 

8 

CNRP (11) 2009 
National 

Surveillance 
data 

France 2009 Notified cases of 
P.falciparum 

27% were caucasian, 70% were of African origin and 3% were of 
other ethnic origin 

1310 100 

12·8* (SD 
61·3) 6 
(IQR 2-

11) 

8 

CNRP (11) 2008 
National 

Surveillance 
data 

France 2008 
Notified cases of 

P.falciparum 
25% were caucasian, 67% were of African origin and 8% were of 

other ethnic origin 1609 100 

10·5* (SD 
1·6) 4 

(IQR 1-
10) 

8 

CNRP (11) 2007 
National 

Surveillance 
data 

France 2007 Notified cases of 
P.falciparum 

20% were caucasian, 66% were of African origin and 14% were of 
other ethnic origin 

1481 100 

15·1* (SD 
120·8) 5 
(IQR 1-

10) 

8 

CNRP (11) 2006 
National 

Surveillance 
data 

France 2006 
Notified cases of 

P.falciparum 
16% were caucasion, 58% were of African origin and 26% were of 

other or unspecified ethnic origin 1973 100 

7·0* (SD 
35·1) 4 
(IQR 0-

10) 

8 

D'Ortenzio 
(257) 2008 

National 
Surveillance 

data 

Le 
Reunion 

2003-
2007 

All reported cases of 
malaria in Reunion 

Only cases of P. Falciparum in immigrants to France were included. 
69% were recent migrants. 31% were living in France and returned 

to an endemic country to visit friends and relatives. 
617 84·3 7 7 

CDC(258) 2017 
National 

Surveillance 
data 

USA 2003-
2014 

P. falciparum cases 
reported to the CDC 

72% of malaria cases occurred in US citizens. 28% occurred in 
foreign citizens visiting the United States from an endemic country. 

5637 100 

9·6* 
(SD35·1) 
5 (IQR 1-

10) 

8 
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P. falciparum (Severe) 

Study 
author 

Year Study design Country Study 
period 

description of study 
participants 

Description of type of travellers Sample size %  
P.falciparum 

TOS 
(days) 

Quality 
assessment 

score 

McCarthy 
(219) 

2015 Retrospective 
chart review 

Canada 2001-
2013 

Patients with severe 
malaria 

80% of malaria cases were in Canadian residents, 12% were in 
recent immigrants who arrived to Canada in the previous 12 

months, 7% were in short term visitors (1% other residency status) 
248 94 7 9 

Checkley 
(103) 

2012 Retrospective 
chart review 

UK 1987-
2006 

Fatal cases of malaria 
26 out 135 (19%) of the cases had visited friends and relatives in an 
endemic country. 81 out 135 (60%) of the cases visited an endemic 

counter for tourism. 
135 100 5 (IQR 

0-10) 
8 

Christen 
(105) 2006 

Retrospective 
chart review Switzerland 

1988-
2002 Fatal cases of malaria 

22 out of 33 cases (67%) were Swiss nationals. 11 out of 33 (33%) 
cases were not Swiss nationals 33 100 

7 (IQR 
3-10) 6 

Badiaga 
(259) 

2005 
Retrospective 
chart review 

France 
1996-
2002 

Patients >15 years 
admitted with severe 
malaria (P.falciparum) 

74% were non-immune persons who were born in France. 26% of 
cases were born in a malaria endemic country 

42 100 5 (0-21) 10 

CDC(258) 2017 
National 

Surveillance 
data 

USA 2003-
2014 

Severe P. falciparum 
cases reported to the 

CDC 

72% of malaria cases occurred in US citizens. 28% occurred in 
foreign citizens visiting the United States from an endemic country 

1123 100 

7·9* 
(SD 

24·9) 5 
(IQR 1-

10) 

8 
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P. falciparum (Children) 

Study 
author 

Year Study design Country Study 
period 

description of study 
participants 

Description of type of travellers Sample 
size 

%  
P.falciparum 

TOS 
(days) 

Quality 
assessment 

score 

Minodier 
(260) 2011 

Prospective 
observational 

study 
France 2004-2009 

Children aged 3 
months to 16 years 
with uncomplicated 

malaria 

97% of the children were living in France before travelling to a 
malaria endmic area. 3% were living in a malaria endemic country 

and recently moved to or visited France 
95 100 

2 (IQR 
8·25) 8 

Dubos 
(261) 

2010 Retrospective 
chart review 

France 2000-2006 Children aged 18 and 
under 

Data on reason for travel or description of type of traveller 
unavialable 

120 83 7 (IQR 
1-16) 

9 

Blonde 
(262) 

2008 Retrospective 
chart review 

France 2004-2005 

Lab confirmed 
P.falciparum in 

Children (<15 years) 
treated with 

atovaquone-proguanil 

Data on reason for travel or description of type of traveller 
unavialable 

48 100 4 (IQR 
1-9) 

10 

CDC(258) 2017 
National 

Surveillance 
data 

USA 2003-2014 
P. falciparum cases 
reported to the CDC 

(aged <18years) 

72% of malaria cases occurred in US citizens. 28% occurred in foreign 
citizens visiting the United States from an endemic country 1437 100 

11·7* 
(SD 

52·7) 6 
(IQR 1-

11) 

8 
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P. vivax 

Study author Year Study design Country Study 
period 

description of study 
participants 

Description of type of travellers Sample 
size 

%  
P.vivax 

TOS (days) 
Quality 

assessment 
score 

Broderick 
(263) 2015 

observational 
study UK 1987-2013 Patients with P. vivax 

Majority of the cases were born outside of the UK (79%) 
– mainly South Asia. 21% were born in the UK 12,769 100 

68 (IQR 9-
212) 8 

Dakic (250) 2014 
Retrospective 
chart review Serbia 2010-2015 

CCS parasitology lab 
cases malaria (vivax) 

Patients were predominantly male (95.6%), and 
comprised of Serbian nationals (88.9) who had travelled 

to Africa (95.6%). 
4 100 

61* +/- 
99·7 ( 0-

210) 
8 

Odolini (264) 2014 Retrospective 
chart review 

Multicentre 2005-2012 
Eurotravnet database - 
P. vivax imported from 

Pakistan 

37.8% were first-time immigrants and 53.3% were 
travelers visiting friends and relatives (VFRs) in their 

origin country. The remaining visited Pakistan for 
tourism, business or study 

45 100 282* (1-
41,123) 

4 

Demaison 
(265) 2013 retrospective 

chart review France 2000-2009 Lab confirmed P. vivax 
35% of the cases were Caucasian, 17% were of African 
origin. Ethnicity was not documented in the remaining 

48% 
94 100 49 7 

Camburn (251) 2012 
Prospective 

Observational 
Study 

New 
Zealand 2008-2010 

Laboratory confirmed 
cases of vivax malaria 

5 out of 16 were New Zealand Residents. 11 out of 18 
were recent migrants from malaria endemic countries 16 100 43 (10-274) 9 

Antinori (252)  2011 
retrospective 
chart review Italy 1997-2007 

Smear +ve non-
falciparum 

55% were EU citizens and 45% were non-eu citizens. Of 
the 45% which were non-eu citzens 27% were recent 
migrants and 73% were settled migrants who visited 

friends and relatives in a malaria endemic area. 

58  73 10 

Khan (254) 2009 retrospective 
chart review Qatar 2005 Lab confirmed P.vivax 

5% were Qatari residents, 56% were Non-Qatari 
residents and 39% were recent migrants and short term 

visitors 
39 100 28 (2-218) 10 

Bottieu (218) 2006 
retrospective 
chart review 

Belgium 2000-2005 Lab confirmed P.vivax 

61% of cases were short term travellers returning from a 
malaria endemic country, 18.5% were long term 

(>6months) travellers returning from a malaria endemic 
country and 19.5% occurred in first time visitors to 

Belgium 

48 100 
66 (IQR 25-

175) 
10 

Kitchener 
(266) 

2005 retrospective 
chart review 

Australia 1999-2001 

Lab confirmed P. vivax in 
Army personnel 
returning from 

deployment 

All cases occurred in army personnel returning from 
deployment in a malaria endemic area 

241 100 89 4 

Ben-Ami  (256) 2005 Retrospective 
questionnaire Israel 1991-2001 Laboratory confirmed P.  

vivax with prophylaxis 
All cases consisted of travellers returning from 

Mombasa, Kenya following a short organised tour 3 100 240 (150-
240) 7 

Higa (112)  2013 Retrospective 
study 

Japan 1998-2012 Laboratory confirmed 
cases of P. vivax 

70% of overall number of cases were Japanese citizens 
who travelled to an endemic area 

7 100 
85·6 

"average" 
(2-295) 

9 
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CNRP (11) 2010 National 
Surveillance data France 2010 Notified cases of P.vivax 22% were caucasian, 74% were of African origin and 4% 

were of other ethnic origin 106 100 
70·6* (SD 

84) 38 (IQR 
7-88) 

8 

CNRP (11) 2009 National 
Surveillance data 

France 2009 Notified cases of P.vivax 27% were caucasian, 70% were of African origin and 3% 
were of other ethnic origin 

132 100 

66·7* (SD 
133·4) 38·5 
(IQR 12·5-

70·5) 

8 

CNRP (11) 2008 
National 

Surveillance data France 2008 Notified cases of P.vivax 
25% were caucasian, 67% were of African origin and 8% 

were of other ethnic origin 85 100 

89·1* (SD 
12·0) 47 
(IQR 13-

121) 

8 

CNRP (11) 2007 National 
Surveillance data 

France 2007 Notified cases of P.vivax 20% were caucasian, 66% were of African origin and 14% 
were of other ethnic origin 

92 100 

123·2* (SD 
251·1) 58 
(IQR 28-

136) 

8 

CNRP (11) 2006 National 
Surveillance data 

France 2006 Notified cases of P.vivax 16% were caucasian, 58% were of African origin and 26% 
were of other or unspecified ethnic origin 

119 100 
111·6* (SD 
258·5) 39 

(IQR 6-129) 
8 

CDC(258) 2017 National 
Surveillance data USA 2003-2014 P.vivax cases reported 

to the CDC 

72% of malaria cases occurred in US citizens. 28% 
occurred in foreign citizens visiting the United States 

from an endemic country 
1607 100 

73·3* (SD 
109·8) 25 

(IQR 6-108) 
8 
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P. ovale 

Study author Year Study design Country Study 
period 

description of 
study participants 

Description of type of travellers Sample 
size 

% P. 
ovale 

TOS (days) 
Quality 

assessment 
score 

Dakic (250) 2014 Retrospective 
chart review 

Serbia 2010-2016 
CCS parasitology 
lab cases malaria 

(ovale) 

Patients were predominantly male (95.6%), and comprised of 
Serbian nationals (88.9) who had travelled to Africa (95.6%). 

6 100 165* +/-113·1 
(72-365) 

8 

Rojo-Marcos (a) 
(95) 2014 retrospective 

chart review Spain 2005-2011 Lab confirmed P. 
ovale curtisi 

29% were recent immigrants from an endemic area, 67% were 
in short term travellers to an endemic country. Type of 

residency unknown in 4% of cases 
21 100 94·5 (IQR 12·5-

297·2) 9 

Rojo-Marcos (b) 
(95) 

2014 retrospective 
chart review 

Spain 2005-2011 Lab confirmed P. 
ovale wallikeri 

29% were recent immigrants from an endemic area, 71% were 
in short term travellers to an endemic country. 

14 100 9·5 (IQR 2·7-
58·2) 

9 

Demaison (265) 2013 
retrospective 
chart review France 2000-2009 

Lab confirmed 
P.ovale 

35% of the cases were Caucasian, 17% were of African origin. 
Ethnicity was not documented in the remaining 48% 77 100 71 7 

Bottieu (218) 2006 
retrospective 
chart review Belgium 2000-2005 

Lab confirmed 
P.ovale 

61% of cases were short term travellers returning from a 
malaria endemic country, 18.5% were long term (>6months) 

travellers returning from a malaria endemic country and 19.5% 
occurred in first time visitors to Belgium 

34 100 70 (IQR 44-124) 10 

CNRP (11) 2010 
National 

Surveillance 
data 

France 2010 
Notified cases of 

P.ovale 
22% were caucasion, 74% were of African origin and 4% were 

of other ethnic origin 86 100 
122·8* (SD 

262·3) 50 (IQR 
11-132) 

8 

CNRP (11) 2009 
National 

Surveillance 
data 

France 2009 Notified cases of 
P.ovale 

27% were caucasian, 70% were of African origin and 3% were 
of other ethnic origin 79 100 160* (SD 270·1) 

87 (IQR 17-178) 8 

CNRP (11) 2008 
National 

Surveillance 
data 

France 2008 
Notified cases of 

P.ovale 
25% were caucasian, 67% were of African origin and 8% were 

of other ethnic origin 75 100 
150·8* (SD 

34·3) 58 (IQR 
14-164) 

8 

CNRP (11) 2007 
National 

Surveillance 
data 

France 2007 
Notified cases of 

P.ovale 
20% were caucasian, 66% were of African origin and 14% were 

of other ethnic origin 
92 100 

126·5* (SD 
157·8) 73 (IQR 

28-165) 
8 

CNRP (11) 2006 
National 

Surveillance 
data 

France 2006 Notified cases of 
P.ovale 

16% were caucasian, 58% were of African origin and 26% were 
of other or unspecified ethnic origin 

102 100 
171·4* (SD 
247·0) 86·5 

(IQR 20-215) 
8 

CDC(258) 2017 
National 

Surveillance 
data 

USA 2003-2014 
P. ovale cases 

reported to the 
CDC 

72% of malaria cases occurred in US citizens. 28% occurred in 
foreign citizens visiting the United States from an endemic 

country 
253 100 

89·3* (SD 
124·2) 45 (IQR 

9-132) 
8 
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P. malariae 

Study author Year Study design Country Study 
period 

description of 
study 

participants 
Description of type of travellers Sample 

size 
% P. 

malariae 
TOS (days) 

Quality 
assessment 

score 

Dakic (250) 2014 Retrospective 
chart review 

Serbia 2010-2017 
CCS parasitology 
lab cases malaria 

(malariae) 

Patients were predominantly male (95.6%), and comprised of Serbian 
nationals (88.9) who had travelled to Africa (95.6%). 

3 100 42·7*  +/- 67 
(2-120) 

8 

Bottieu (218) 2006 Retrospective 
chart review 

Belgium 2000-2005 Lab confirmed 
P.malariae 

61% of cases were short term travellers returning from a malaria 
endemic country, 18.5% were long term (>6months) travellers 

returning from a malaria endemic country and 19.5% occurred in first 
time visitors to Belgium 

16 100 31 (IQR 10-
105) 

10 

CNRP (11) 2010 
National 

Surveillance 
data 

France 2010 Notified cases of 
P.malariae 

22% were caucasian, 74% were of African origin and 4% were of other 
ethnic origin 

37 100 
142·9* (SD 

668·5) 29 (IQR 
9-46) 

8 

CNRP (11) 2009 
National 

Surveillance 
data 

France 2009 Notified cases of 
P.malariae 

27% were caucasian, 70% were of African origin and 3% were of other 
ethnic origin 

35 100 
47·4* (SD 

54·8) 27 (IQR 
13-62) 

8 

CNRP (11) 2008 
National 

Surveillance 
data 

France 2008 Notified cases of 
P.malariae 

25% were caucasian, 67% were of African origin and 8% were of other 
ethnic origin 42 100 57* (SD 18·8) 

24 (IQR 15-55) 8 

CNRP (11) 2007 
National 

Surveillance 
data 

France 2007 Notified cases of 
P.malariae 

20% were caucasian, 66% were of African origin and 14% were of 
other ethnic origin 

32 100 
40·6* (SD 

41·7) 31 (IQR 
14-58) 

8 

CNRP (11) 2006 
National 

Surveillance 
data 

France 2006 Notified cases of 
P.malariae 

16% were caucasian, 58% were of African origin and 26% were of 
other or unspecified ethnic origin 38 100 

48·4* (SD 
72·0) 29 (IQR 

10-54) 
8 

Teo (a) (267) 2015 Retrospective 
review 

Sweden 1997-2013 Cases  P.malariae 
Sweden 

Data on reason for travel or description of type of traveller 
unavialable 

20 100 19  (IQR 13-
47)  (0-70) 

5 

Teo (b) (267) 2015 
Retrospective 

review UK 1991-2010 
Cases  P.malariae 

UK 
Data on reason for travel or description of type of traveller 

unavialable 248 100 
24 (IQR 9-

50)(-5 - 1123) 5 

CDC(258) 2017 
National 

Surveillance 
data 

USA 2003-2014 
P. malariae cases 
reported to the 

CDC 

72% of malaria cases occurred in US citizens. 28% occurred in foreign 
citizens visiting the United States from an endemic country 

258 100 
49·7* (SD 

111·6) 17 (IQR 
4-57) 

8 
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Mixed malaria in children 

Study author Year Study design Country Study 
period 

description of 
study participants 

Description of type of travellers Sample 
size 

% P. 
falciparum 

TOS (days) 
Quality 

assessment 
score 

Thompson 
(268) 2015 

retrospective 
chart review Australia 2000-2010 

Children aged 16 
and under 

75% of cases were born outside of Australia, 25% were Australian 
born. 40 68 32 (4-434) 10 

Maltezou (99) 2013 
retrospective 
chart review Greece 1972-2012 

Children aged 15 
and under 

32% occurred in recent immigrants to Greece, 27% occurred in 
those visiting friends and relatives in an endemic area (41% other 

reason for travel) 
22 32 

50 (4 days - 
16 months) 8 
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Diagnostic delay 

P. falciparum 

Study author Year Study design Country Study 
period 

Description of study 
participants 

Description of type of travellers Sample 
size 

%  
P.falciparum 

Diagnostic 
delay 
(days) 

Quality 
assessment 

score 

Cordel (269) 2013 
prospective 

observational 
study 

France 2002-2007 
Lab confirmed 
uncomplicated 
P.falciparum 

91% were born outside of Europe (88% were born in 
Africa). 

553 100 5 (1-64) 8 

Ramirez-
Olivencia (270) 2012 retrospective 

chart review Spain 2002-2007 Symptomatic malaria 
50% of cases diagnosed in Spain occurred in 
residents of a malaria endemic country. The 

remaining 50% occurred in travellers from Spain. 
277 86.4 8·16* (SD 

16) 8 

Bouchaud(271) 2012 
prospective 

observational 
study 

Multi 
centre 2003 - 2009 

Uncomplicated P. 
falciparum 

Reasons for travel were tourism (11%), visiting 
friends and relatives (69%), business (7%), 

humanitarian (6%) and other (7%) 
504 100 3 7 

Antinori (252) 2011 retrospective 
chart review 

Italy 1997-2007 Smear +ve P. 
falciparum 

55% were EU citizens and 45% were non-eu citizens. 
Of the 45% which were non-eu citzens 27% were 

recent migrants and 73% were settled migrants who 
visited friends and relatives in a malaria endemic 

area. 

228 100 3 (0-10) 10 

Seringe (102) 2011 retrospective 
chart review 

France 1996-2003 
All patients with P. 

falciparum who were 
reported to CNRP 

44.6% were travellers of African origin, 26.6% were 
European travellers, 12.9% were African residents 

visiting France, and 5.4% were European expatriates 
living in Africa (5.4%); “others” represented 10.6% 

of the cases. 

21,888 100 3 (IQR 1-6) 9 

Rey (272) 2010 retrospective 
chart review Spain 2005-2008 

Malaria cases notified 
to preventative 

medicine department 

35% occurred in recent immigrants to Spain, 62% 
occurred in those visiting friends and relatives in an 

endemic area and 3% were tourists. 
57 94·7 4·5 6 

Pistone (273) 2010 
retrospective 
chart review France 2000-2007 

Lab confirmed malaria 
in those aged > 15 years 

Reasons for travel were tourism (31%), visiting 
friends and relatives (22%), business (22%), recent 
migration (5%), humanitarian (2%) and other (18%) 

488 82 3 8 

Khan (254) 2009 retrospective 
chart review Qatar 2005 Lab confirmed 

P.falciparum 

5% were Qatari residents, 56% were Non-Qatari 
residents and 39% were recent migrants and short 

term visitors 
34 100 3(2-6) 10 

Thierfelder (274) 2009 
retrospective 
chart review Switzerland 1994-2004 

Those diagnosed with 
malaria aged >16 years 

Reasons for travel were tourism (26%), visiting 
friends and relatives (33%), business (13%), recent 

migration (15%) and other (13%) 
109 88 4* (0·5-31) 10 

Millet (275) 2008 
retrospective 
chart review Spain 1989-2005 

Lab confirmed malaria 
notified to Barcelona 
Public Health Agency 

Regarding the type of traveller, 41% were VFRs, 34% 
tourists, 12% volunteers and 13% were recently 

arrived immigrants. 
997 71 8 (IQR 5-20) 8 
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Briand (255) 2007 
retrospective 
chart review France 1993-2000 

Lab confirmed P. 
falciparum 

74% were born in a malaria-endemic country 
(mostly in Africa) and lived in France 400 100 4 (IQR 2-7) 10 

Jennings (276) 2006 
prospective 

observational 
study 

UK 2000-2002 
Patients admitted to 

HTD with P.falciparum - 
uncomplicated 

28% were caucasian, 69% were of African origin and 
3% were of other ethnic origin 74 100 4·29* (1-

60) 8 

Uzzan (a) (277) 2006 Preliminary Study France 2003-2004 
Cases P. falciparum 

with raised 
procalcitonin 

82% of overall cases included in the study occurred 
in those who visited friends and relatives in West 

Africa. Data by subgroup not available. 
6 100 12·5* +/-

7·7 
10 

Uzzan (b) (277) 2006 Preliminary Study France 2003-2004 
Cases P. falciparum 

malaria without raised 
procalcitonin 

82% of overall cases included in the study occurred 
in those who visited friends and relatives in West 

Africa. Data by subgroup not available. 
11 100 5·3* +/- 3·1 10 

Fernandez-
Lopez (278) 2015 

retrospective 
chart review Spain 2004-2014 Lab confirmed malaria 

Reasons for travel were tourism (1%), visiting 
friends and relatives in and endemic country (86%) 

and recent migration to Spain (13%) 
185 90·3 

4 (IQR 2·5-
7) 9 

Soraa (279) 2006 
retrospective 
chart review Morocco 2001-2004 Lab confirmed malaria 

91% of cases had travelled to the Democratic 
Republic of Congo for humanitarian purposes 68 85·3 18* (1-90) 5 

CNRP (11) 2010 National 
Surveillance data France 2010 Notified cases of P. 

falciparum 
22% were caucasian, 74% were of African origin and 

4% were of other ethnic origin 1,866 100 
5·7* (SD 

11·5) 3 (IQR 
2-6) 

8 

CNRP (11) 2009 
National 

Surveillance data     France 2009 
Notified cases of 

P.falciparum 
27% were caucasian, 70% were of African origin and 

3% were of other ethnic origin 1,644 100 
8·8* (SD 

92·6) 3 (IQR 
2-6) 

8 

D'Ortenzio (257) 2008 
National 

Surveillance data Le Reunion 2003-2007 
All reported cases of 
malaria in Reunion 

Only cases of P. Falciparum in immigrants to France 
were included. 69% were recent migrants. 31% 

were living in France and returned to an endemic 
country to visit friends and relatives. 

617 84·3 3 7 

Rabe (106) 2005 retrospective 
chart review 

Germany 1992-2002 
Lab confirmed P. 

falciparum 
(Uncomplicated) 

Data on reason for travel or description of type of 
traveller unavialable 

73 100 2 (0-24) 7 

Stepien(94) 2017 
National 

Surveillance data Poland 2003-2015 
Lab confirmed P. 

falciparum 

Reasons for travel were tourism (38%), visiting 
friends and relatives (12%), business (40%) and 

other (10%) 
181 100 

5·26* (SD 
7·2) 3 (IQR 

2-6) 
9 
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P. falciparum (Severe) 

Study author Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.falciparum 

Diagnostic 
delay (days) 

Quality 
assessment 

score 

Checkley 
(103) 2012 

retrospective 
chart review UK 1987-2006 Fatal cases of malaria 

26 out 135 (19%) of the cases had visited friends 
and relatives in an endemic country. 81 out 135 

(60%) of the cases visited an endemic counter for 
tourism. 

146 100 5 (IQR 3-7) 8 

Bruneel (a) 
(280) 2010 

retrospective 
chart review France 2000-2006 

Adults admitted to ICU 
with severe malaria + 

survived 

58% were caucasian, 36% were of African origin 
and 6% were of other ethnic origin 358 100 5·4* (SD 5·1) 10 

Bruneel (b) 
(280) 2010 retrospective 

chart review France 2000-2006 Adults admitted to ICU 
with severe malaria + died 

79% were caucasian, 13% were of African origin 
and 8% were of other ethnic origin 42 100 6·2* (SD 4·6) 10 

Gonzalez 
(104) 2009 

retrospective 
chart review Spain 1991-2007 

Adults admitted to ICU 
with severe malaria 

All cases were born in a country which is not 
endemic for malaria 20 100 

7 (IQR 3·75-
9·25) 8 

Jennings (276) 2006 
prospective 

observational 
study 

UK 2000-2002 Patients admitted to HTD 
with P.falciparum - severe 

28% were caucasian, 60% were of African origin 
and 12% were of other ethnic origin 25 100 3·08* (1-10) 8 

Christen (105) 2006 retrospective 
chart review 

Switzerland 1988-2002 Fatal cases of malaria 22 out of 33 cases (67%) were Swiss nationals. 11 
out of 33 (33%) cases were not Swiss nationals 

33 100 5 (IQR 3·75-6) 6 

Rabe (106) 2005 
retrospective 
chart review Germany 1992-2003 

Lab confirmed P. 
falciparum (Severe) 

Data on reason for travel or description of type of 
traveller unavialable 44 100 5 (0-30) 7 
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P. falciparum (Children) 

Study author Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.falciparum 

Diagnostic 
delay 
(days) 

Quality 
assessment 

score 

Minodier (260) 2011 
prospective 

observational 
study 

France 2004-2009 
Children aged 3 months 

to 16 years with 
uncomplicated malaria 

97% of the children were living in France before 
travelling to a malaria endmic area. 3% were living in a 

malaria endemic country and recently moved to or 
visited France 

95 100 3 (IQR 4·25) 8 

Dubos (261) 2010 retrospective 
chart review 

France 2000-2006 Children aged 18 and 
under 

Data on reason for travel or description of type of 
traveller unavialable 

120 83 2 9 

Blonde (262) 2008 retrospective 
chart review France 2004-2005 

Lab confirmed 
P.falciparum in Children 
(<15 years) treated with 
atovaquone-proguanil 

Data on reason for travel or description of type of 
traveller unavialable 48 100 3 (IQR 2-5) 10 

Chalumeau 
(113) 

2006 
prospective 

observational 
study 

France 2002 
Lab confirmed P. 

falciparum in children 
<18 years 

24% of the children were recent migrants to France 
and 76% had visited their parents country of origin 

29 100 4 (0-19) 
4·7* 

9 

Hickey(281) 2011 retrospective 
chart review USA 1996-2006 

Lab confirmed P. 
falciparum in children 

<18 years 

94% of the children were of African origin and 6% 
were of other ethnic origin 72 100 5* (SD 5·4 ) 9 
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P. vivax 

Study author Year Study design Country Study 
period 

Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.vivax 

Diagnostic 
delay 
(days) 

Quality 
assessment 

score 
Demaison 
(265) 2013 retrospective 

chart review France 2000-2009 Lab confirmed P. 
vivax 

35% of the cases were Caucasian, 17% were of African origin. Ethnicity 
was not documented in the remaining 48% 94 100 4·5 7 

Antinori (252) 2011 
retrospective 
chart review Italy 1997-2007 

Smear +ve non-
falciparum 

55% were EU citizens and 45% were non-eu citizens. Of the 45% which 
were non-eu citzens 27% were recent migrants and 73% were settled 
migrants who visited friends and relatives in a malaria endemic area. 

58 76·2 5 (0-47) 10 

Khan (254) 2009 
retrospective 
chart review Qatar 2005 

Lab confirmed 
P.vivax 

5% were Qatari residents, 56% were Non-Qatari residents and 39% 
were recent migrants and short term visitors 39 100 3(1-6) 10 

CNRP (11) 2010 
National 

Surveillance 
data 

France 2010 Notified cases of 
P.vivax 

22% were caucasion, 74% were of African origin and 4% were of other 
ethnic origin 119 100 

6·5* (SD 
16·7) 3 

(IQR 2-8) 
8 

CNRP (11) 2009 
National 

Surveillance 
data 

France 2009 Notified cases of 
P.vivax 

27% were caucasion, 70% were of African origin and 3% were of other 
ethnic origin 157 100 

18·3* (SD 
61·1) 3 

(IQR 0-8) 
8 

Stepien(94) 2017 
National 

Surveillance 
data 

Poland 2003-2015 Lab confirmed P. 
vivax 

Reasons for travel were tourism (38%), visiting friends and relatives 
(12%), business (40%) and other (10%) 51 100 

8·7* (SD 
10·0) 5 (3-

11) 
9 

 

 

P. vivax (Children) 

Study author Year Study design Country Study period 
Description of 

study participants Description of type of travellers 
Sample 

size 
% (n) 

P.vivax 

Diagnostic 
delay 
(days) 

Quality 
assessment 

score 

Hickey(281) 2011 retrospective 
chart review 

USA 1996-2006 
Lab confirmed P. 
vivax in children 

<18 years 

Of the overall cohort, 94% of the children were of African origin and 6% 
were of other ethnic origin 

3 100 3* (SD 2·3) 9 
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P. ovale 

Study author Year Study design Country Study 
period 

Description of 
study participants 

Description of type of travellers Sample 
size 

% (n) 
P.ovale 

Diagnostic 
delay 
(days) 

Quality 
assessment 

score 

Rojo-Marcos 
(a) (95) 

2014 retrospective 
chart review 

Spain 2005-2011 Lab confirmed P. 
ovale curtisi 

29% were recent immigrants from an endemic area, 67% were in short 
term travellers to an endemic country. Type of residency unknown in 

4% of cases 
21 100 8 (IQR 2·7-

16·5) 
9 

Rojo-Marcos 
(b) (95) 2014 

retrospective 
chart review Spain 2005-2011 

Lab confirmed P. 
ovale wallikeri 

29% were recent immigrants from an endemic area, 71% were in short 
term travellers to an endemic country. 14 100 

3·5 (IQR 
2·0-7·7) 9 

Demaison 
(265) 2013 

retrospective 
chart review France 2000-2009 

Lab confirmed 
P.ovale 

35% of the cases were Caucasian, 17% were of African origin. Ethnicity 
was not documented in the remaining 48% 77 100 4 7 

CNRP (11) 2010 
National 

Surveillance 
data 

France 2010 Notified cases of 
P.ovale 

22% were caucasian, 74% were of African origin and 4% were of other 
ethnic origin 

98 100 
7·8* (SD 

18·6) 5 (IQR 
2-7) 

8 

CNRP (11) 2009 
National 

Surveillance 
data 

France 2009 Notified cases of 
P.ovale 

27% were caucasian, 70% were of African origin and 3% were of other 
ethnic origin 

102 100 
13* (SD 

50·7) 5 (IQR 
2-8) 

8 

Stepien(94) 2017 
National 

Surveillance 
data 

Poland 2003-2015 Lab confirmed 
P.ovale 

Reasons for travel were tourism (38%), visiting friends and relatives 
(12%), business (40%) and other (10%) 

7 100 
6·4* (SD 

4·9) 4 (IQR 
3-13) 

9 

 

P. malariae 

Study 
author Year Study design Country Study 

period 

Description of 
study 

participants 
Description of type of travellers Sample 

size 
% (n) 

P.malariae 

Diagnostic 
delay 
(days) 

Quality 
assessment 

score 

CNRP (11) 2010 
National 

Surveillance 
data 

France 2010 Notified cases 
of P.malariae 

22% were caucasian, 74% were of African origin and 4% were of other 
ethnic origin 46 100 

15* (SD 
21·1) 8 (IQR 

3-14) 
8 

CNRP (11) 2009 
National 

Surveillance 
data 

France 2009 
Notified cases 
of P.malariae 

27% were caucasian, 70% were of African origin and 3% were of other 
ethnic origin 47 100 

14·3* (SD 
18·2) 9 (IQR 

4-17) 
8 

Stepien(94) 2017 
National 

Surveillance 
data 

Poland 2003-2015 
Lab confirmed 

P. malariae 
Reasons for travel were tourism (38%), visiting friends and relatives 

(12%), business (40%) and other (10%) 5 100 
19·8* (SD 

29·4) 7 (IQR 
5-12) 

9 
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Mixed species / Unknown species 

Study author Year Study design Country 
Study 
period 

Description of study 
participants Description of type of travellers 

Sample 
size 

% (n) 
P.falciparum 

Diagnostic 
delay 
(days) 

Quality 
assessment 

score 

Charles (282) 2005 Questionnaire Australia 1990-2001 

Cases diagnosed with 
malaria and notified to 

Western Australian 
Notifiable ID register 

Data on reason for travel or description of type of 
traveller unavialable 

283 28 3 (0-336) 9 

Subelj (283) 2012 retrospective 
chart review Slovenia 2001-2011 Lab confirmed malaria 

78% of cases were travellers from Slovenia, 14% were 
persons with Slovenian citizenship who temporarily 
worked in a malaria endemic country and 8% were 

immigrants to Slovenia 

73 42·5 18 (1-136) 
24* 6 

Kuna (284) 2015 
retrospective 
chart review Poland 2002-2014 

Patients admitted to 
hospital with lab 

confirmed malaria 

Reasons for travel were tourism (32%), visiting friends 
and relatives (2%), work related (45%) and other (21%) 82 63·4 6·6* (1-28) 8 

Alaya-Bouafif 
(a) (96) 

2011 National 
Surveillance data 

Tunisia 2002-2007 Notified cases of malaria 
amongst Tunisian Patients 

Out of all cases included in the study, 51% had been 
born in sub-Saharan Africa, 36% in Tunisia, 11% in 

North Africa and 2%  in Europe 
55 N/A 14 (IQR 15) 8 

Alaya-Bouafif 
(b) (96) 

2011 
National 

Surveillance data 
Tunisia 2002-2007 

Notified cases of malaria 
amongst Patients of other 

nationalities (non-
Tunisian) 

Out of all cases included in the study, 51% had been 
born in sub-Saharan Africa, 36% in Tunisia, 11% in 

North Africa and 2%  in Europe 
52 N/A 

12·5 (IQR 
20) 

8 

Stepien(94) 2017 
National 

Surveillance data 
Poland 2003-2015 

Malaria cases with mixed 
invasions 

Reasons for travel were tourism (38%), visiting friends 
and relatives (12%), business (40%) and other (10%) 

10 N/A 
9·5* (SD 
9·2) 7·5 

(IQR 5-10) 
9 
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Patient Delay 
 

P. falciparum 

Study author Year Study design Country Study 
period 

Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.falciparum 

Patient 
delay 
(days) 

Quality 
assessment 

score 

Farnert (25) 2015 retrospective 
chart review Sweden 1995-2013 

Compares VFR to 
non VFR's - data 

combined 

63% had lived in an edemic country prior to moving to 
Sweden and 37% were born in Sweden 501 100 2·5 - 

Roberts (285) 2013 retrospective 
chart review 

UK 2001-2011 
Adults >18 years with 

lab confirmed 
falciparum 

60% of the cases were born in a malaria endemic 
country, 35% were born in a non-endemic country and 
5% did not have a recording for their country of origin 

773 100 4 (IQR 2-7) 10 

Rossi (286) 2012 
retrospective 
chart review Switzerland 1999-2007 

Adults >16 years with 
lab confirmed 

falciparum 

79% were short term travellers, 9% were recent migrants 
to Switzerland and 12% were long term travellers 
returning from expatriation in an endemic country 

154 100 3·9* 9 

Vatan (287) 2006 retrospective 
chart review 

France 2001-2002 
Lab confirmed 
P.falciparum in 

adults 

Reasons for travel were tourism (35%), visiting friends 
and relatives (29%) and other (36%) 

107 100 3 (0-98) 
9·17* 

9 

Parola (288) 2005 
prospective 

observational 
study 

France 2002-2003 
Lab confirmed P. 

falciparum in adults 
>15 years 

Data on reason for travel or description of type of 
traveller unavialable 

212 100 4 8 

Askling (289) 2005 Questionnaire Sweden 1994-2001 

Questionnaires sent 
to patients 

diagnosed with 
P.falciparum 

Reasons for travel were tourism (32%), visiting friends 
and relatives (21%), business (26%) and other (21%) 

237 100 2 (0-71) 6 

Miura (290) 2005 retrospective 
chart review 

Japan 1992-2001 Lab confirmed 
P.falciparum 

Data on delays were only available for Japanese patients 
who had contracted malaria in an endemic country. 

50 100 
4·1* (95%CI 

2·5-5·7) 2 
(IQR 1-5) 

10 

Soraa (279) 2006 retrospective 
chart review 

Morocco 2001-2004 Lab confirmed 
malaria 

91% of cases had travelled to the Democratic Republic of 
Congo for humanitarian purposes 

68 85·3 2 5 

Higa (112) 2013 
Retrospective 

study Japan 1998-2012 
Laboratory 

confirmed cases of P. 
falciparum 

70% of overall number of cases were Japanese citizens 
who travelled to an endemic area 14 100 

2·4 
"average" 

(0-5) 
9 

CNRP (11) 2010 
National 

Surveillance 
data 

France 2010 Notified cases of 
P.falciparum 

22% were caucasian, 74% were of African origin and 4% 
were of other ethnic origin 

1840 100 
5·9* (SD 

12·5) 3 (IQR 
2-6) 

8 

CNRP (11) 2009 
National 

Surveillance 
data 

France 2009 
Notified cases of 

P.falciparum 
27% were caucasian, 70% were of African origin and 3% 

were of other ethnic origin 1630 100 
8·6* (SD 

93·9) 3 (IQR 
2-6) 

8 
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CNRP (11) 2008 
National 

Surveillance 
data 

France 2008 Notified cases of 
malaria 

25% were caucasian, 67% were of African origin and 8% 
were of other ethnic origin 1885 86 

5·6* (SD 
0·3) 3 (IQR 

2-6) 
8 

CNRP (11) 2007 
National 

Surveillance 
data 

France 2007 
Notified cases of 

malaria 
20% were caucasian, 66% were of African origin and 14% 

were of other ethnic origin 1782 86 
7·3* (SD 

22·6) 3 (IQR 
2-6) 

8 

CNRP (11) 2006 
National 

Surveillance 
data 

France 2006 Notified cases of 
malaria 

16% were caucasian, 58% were of African origin and 26% 
were of other or unspecified ethnic origin 

2359 82·6 
15·3* (SD 

60·7) 4 (IQR 
2-9) 

8 

CDC(258) 2017 
National 

Surveillance 
data 

USA 2003-2014 P. falciparum cases 
reported to the CDC 

72% of malaria cases occurred in US citizens. 28% 
occurred in foreign citizens visiting the United States 

from an endemic country 
4183 100 

5·5* (SD 
15·3) 4 (IQR 

2-6) 
8 
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P. falciparum (Severe) 

Study 
author Year Study design Country Study period 

Description of study 
participants Description of type of travellers 

Sample 
size 

% (n) 
P.falciparum 

Patient 
delay 
(days) 

Quality 
assessment 

score 

Calvo-Cano 
(291) 

2016 retrospective 
chart review 

Spain 2013-2015 Patients diagnosed with 
severe malaria 

69% were short term travllers from spain, 19% had 
visited friends and relatives in an endemic area and 

12% were recent migrants 
16 100 5 (2·5-11·7) 10 

Santos (a) 
(292) 2012 retrospective 

chart review Portugal 1990-2011 
Adults admitted to ICU 
with severe malaria + 

survived 

Out of the overall cases, 69% were Portuguese 
emigrants working in Africa, 12 % travelled abroad 

for tourism , 12 % were recent migrants and 7% 
travelled for other reasons 

50 100 7 (IQR 4-9) 8 

Santos (b) 
(292) 2012 retrospective 

chart review Portugal 1990-2011 Adults admitted to ICU 
with severe malaria + died 

Out of the overall cases, 69% were Portuguese 
emigrants working in Africa, 12 % travelled abroad 

for tourism , 12 % were recent migrants and 7% 
travelled for other reasons 

9 100 6 (IQR 4-8) 8 

Gonzalez 
(104) 2009 

retrospective 
chart review Spain 1991-2007 

Adults admitted to ICU 
with severe malaria 

All cases were born in a country which is not 
endemic for malaria 20 100 

4·5 (IQR 3-
8·5) 8 

Badiaga 
(259) 2005 retrospective 

chart review France 1996-2002 
Patients >15 years 

admitted with severe 
malaria (P.falciparum) 

74% were non-immune persons who were born in 
France. 26% of cases were born in a malaria 

endemic country 
42 100 3 (0-10) 10 

Marks 
(293) 

2013 retrospective 
chart review 

UK 1994-2010 
Adults >18 years with 

severe malaria admitted 
to ICU 

49% were caucasian, 33% were of African origin and 
18% were of other ethnic origin 

124 100 4 (IQR 3-6) 10 

McCarthy 
(219) 2015 

retrospective 
chart review Canada 2001-2013 

Patients with severe 
malaria 

80% of malaria cases were in Canadian residents, 
12% were in recent immigrants who arrived to 

Canada in the previous 12 months, 7% were in short 
term visitors (1% other residency status) 

248 94 
3 (0-50) 
4·2* (SD 

5·3) 
9 

CDC(258) 2017 National 
Surveillance data 

USA 2003-2014 Severe P. falciparum cases 
reported to the CDC 

72% of malaria cases occurred in US citizens. 28% 
occurred in foreign citizens visiting the United 

States from an endemic country 
1075 100 

5·6* (SD 
9·5) 4 (IQR 

2-6) 
8 
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P. falciparum (Children) 

Study 
author 

Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.falciparum 

Patient 
delay 
(days) 

Quality 
assessment 

score 

Evans (294) 2014 
retrospective 
chart review Canada 1997-2013 

Lab confirmed P. 
falciparum in children <18 

years 

35% of the children were Canadian born, 35% were 
immigrants, 7% were refugee claimants, 2 % were 

adopted and 2% were visiting Canada in transit 
76 100 4 (IQR 2-7) 10 

Arnaez 
(295) 

2010 retrospective 
chart review 

Spain 1995-2007 Children aged 14 and 
under 

77% of the children were recent migrants to Spain and 
23% had visited their parents country of origin 

60 72 4 (0·5-
1095) 

10 

Ladhani 
(296) 2010 

prospective 
observational 

study 
UK 2006-2007 

Children aged 16 and 
under 

68% of the children had travelled to an endemic 
country from the UK prior to contracting malaria 

(tourism in endemic country and VFR), 32% of the 
cases occurred in visitors to the UK (recent migration 

and tourism in the UK) 

172 86 4 (IQR 2-6) 7 

Dubos 
(261) 2010 

retrospective 
chart review France 2000-2006 

Children aged 18 and 
under 

Data on reason for travel or description of type of 
traveller unavialable 120 83 1 9 

Leahy 
(297) 2009 retrospective 

chart review Ireland 1999-2006 malaria cases admitted to 
children’s hospital 

50% of the cases were shot –term travellers from 
Ireland, 47% had recently emigrated from an endemic 

country to Ireland (other: 3%). 
67 95 5 9 

Chalumeau 
(113) 2006 

prospective 
observational 

study 
France 2002 

Lab confirmed P. 
falciparum in children <18 

years 

24% of the children were recent migrants to France 
and 76% had visited their parents country of origin 29 100 

3 (0-11) 
3·1* 9 

Lanneaux 
(298) 2016 

retrospective case 
control study France 2006-2012 

Children aged <18 years 
admitted to ED (controls) 

86% of the children were born in France, the remaining 
14% were born outside of France 110 100 2 (IQR 1-5) 10 

CDC(258) 2017 National 
Surveillance data 

USA 2003-2014 
P. falciparum cases 

reported to the CDC (aged 
<18 years) 

72% of malaria cases occurred in US citizens. 28% 
occurred in foreign citizens visiting the United States 

from an endemic country 
1089 100 

5·7* (SD 
10·2) 4 (IQR 

2-6) 
8 
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P. vivax 

Study author Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.vivax 

Patient delay 
(days) 

Quality 
assessment 

score 

Higa  (112) 2013 
Retrospective 

study 
Japan 1998-2012 

Laboratory confirmed 
cases of P. vivax 

70% of overall number of cases were Japanese citizens 
who travelled to an endemic area 

7 100 
3·6 "average" 

(0-9) 
9 

CNRP (11) 2010 National 
Surveillance data France 2010 Notified cases of P.vivax 22% were caucasion, 74% were of African origin and 4% 

were of other ethnic origin 117 100 8·6* (SD 29·9) 
3 (IQR 2-7) 8 

CNRP (11)  2009 
National 

Surveillance data France 2009 Notified cases of P.vivax 
27% were caucasion, 70% were of African origin and 3% 

were of other ethnic origin 157 100 
16·7* (SD 

62·3) 3 (IQR 1-
9) 

8 

Bottieu (218) 2006 
retrospective 
chart review 

Belgium 2000-2005 Lab confirmed P.vivax 

61% of cases were short term travellers returning from a 
malaria endemic country, 18.5% were long term 

(>6months) travellers returning from a malaria endemic 
country and 19.5% occurred in first time visitors to 

Belgium 

48 100 5 (IQR 3-6) 10 

Parola (288) 2005 
prospective 

observational 
study 

France 2002-2003 Lab confirmed P. vivax 
in adults >15 years 

Data on reason for travel or description of type of 
traveller unavialable 10 100 8·5 8 

CDC(258) 2017 
National 

Surveillance data USA 2003-2014 
P.vivax cases reported 

to the CDC 

72% of malaria cases occurred in US citizens. 28% 
occurred in foreign citizens visiting the United States 

from an endemic country 
1161 100 

7* (SD 12·7) 4 
(IQR 2-8) 8 

 

P. vivax (Children) 

Study 
author 

Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.vivax 

Patient delay 
(days) 

Quality 
assessment 

score 

Evans 
(294)  

2014 retrospective 
chart review 

Canada 1997-2013 Lab confirmed P. vivax 
in children <18 years 

35% of the children were Canadian born, 35% were 
immigrants, 7% were refugee claimants, 2 % were 

adopted and 2% were visiting Canada in transit 
28 100 6·5 (IQR 3-

11·5) 
10 

CDC(258) 2017 National 
Surveillance data USA 2003-2014 

P. vivax cases reported 
to the CDC (aged <18 

years) 

72% of malaria cases occurred in US citizens. 28% 
occurred in foreign citizens visiting the United States from 

an endemic country 
184 100 10* (SD 20·3) 

5 (IQR 2·5-10) 8 
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P. ovale 

Study 
author 

Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.ovale 

Patient delay 
(days) 

Quality 
assessment 

score 

CNRP (11) 2010 
National 

Surveillance data France 2010 
Notified cases of 

P.ovale 
22% were caucasion, 74% were of African origin and 4% 

were of other ethnic origin 97 100 
7·7* (SD 18·7) 

4 (IQR 2-7) 8 

CNRP (11) 2009 
National 

Surveillance data France 2009 
Notified cases of 

P.ovale 
27% were caucasion, 70% were of African origin and 3% 

were of other ethnic origin 102 100 
9·3* (SD 36·6) 

4 (IQR 2-8) 8 

Bottieu 
(218) 2006 retrospective 

chart review Belgium 2000-2005 Lab confirmed 
P.ovale 

61% of cases were short term travellers returning from a 
malaria endemic country, 18.5% were long term 

(>6months) travellers returning from a malaria endemic 
country and 19.5% occurred in first time visitors to 

Belgium 

34 100 5 (IQR 3-7) 10 

Parola 
(288) 2005 

prospective 
observational 

study 
France 2002-2003 

Lab confirmed P. 
ovale in adults >15 

years 

Data on reason for travel or description of type of traveller 
unavialable 6 100 3 8 

CDC(258) 2017 National 
Surveillance data 

USA 2003-2014 P.ovale cases 
reported to the CDC 

72% of malaria cases occurred in US citizens. 28% 
occurred in foreign citizens visiting the United States from 

an endemic country 
177 100 6·7* (SD 8·6) 4 

(IQR 2-7)  
8 
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P. malariae 

Study 
author Year Study design Country Study period Description of study 

participants Description of type of travellers Sample 
size 

% (n) 
P.malariae 

Patient delay 
(days) 

Quality 
assessment 

score 

CNRP (11) 2010 National 
Surveillance data 

France 2010 Notified cases of 
P.malariae 

22% were caucasion, 74% were of African origin and 4% 
were of other ethnic origin 

45 100 
15·6* (SD 

21·2) 9 (IQR 3-
15) 

8 

CNRP (11) 2009 National 
Surveillance data France 2009 Notified cases of 

P.malariae 
27% were caucasion, 70% were of African origin and 3% 

were of other ethnic origin 45 100 
14·4* (SD 

18·5) 9 (IQR 3-
17) 

8 

Bottieu 
(218) 

2006 retrospective 
chart review 

Belgium 2000-2005 Lab confirmed 
P.malariae 

61% of cases were short term travellers returning from a 
malaria endemic country, 18.5% were long term (>6months) 

travellers returning from a malaria endemic country and 
19.5% occurred in first time visitors to Belgium 

16 100 7 (IQR 4-13) 10 

CDC(258) 2017 National 
Surveillance data USA 2003-2014 P. malariae cases 

reported to the CDC 

72% of malaria cases occurred in US citizens. 28% occurred 
in foreign citizens visiting the United States from an 

endemic country 
172 100 8·1* (SD 15·3) 

4 (IQR 2-9)  8 

 

 

Mixed species / Parasite species not reported 

Study 
author Year Study design Country Study period Description of study 

participants Description of type of travellers Sample 
size 

% (n) 
P.falciparum 

Patient delay 
(days) 

Quality 
assessment 

score 
Alaya-
Bouafif (a) 
(96) 

2011 
National 

Surveillance data Tunisia 2002-2007 
Notified cases of 
malaria amongst 
Tunisian Patients 

Out of all cases included in the study, 51% had been born 
in sub-Saharan Africa, 36% in Tunisia, 11% in North Africa 

and 2%  in Europe 
54 N/A 5 (IQR 6) 8 

Alaya-
Bouafif (b) 
(96) 

2011 National 
Surveillance data 

Tunisia 2002-2007 

Notified cases of 
malaria amongst 
Patients of other 

nationalities (non-
Tunisian) 

Out of all cases included in the study, 51% had been born 
in sub-Saharan Africa, 36% in Tunisia, 11% in North Africa 

and 2%  in Europe 
39 N/A 5 (IQR 3) 8 

Chung 
(299) 

2014 
retrospective 
chart review 

Singapore 2000-2010 
Adults with smear 

+ve malaria 
Reasons for travel were tourism (13%), visiting friends 
and relatives (25%), business (30%) and other (32%) 

214 34 (83) 4 (IQR 3-7) 10 

Miura 
(290) 2005 

retrospective 
chart review Japan 1992-2001 

Lab confirmed 
malaria 

Data on delays were only available for Japanese patients 
who had contracted malaria in an endemic country. 101 49·5 (50) 

4·7* (95% CI 
3·7-5·7) 3 (IQR 

2-5) 
10 
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Mixed species / Parasite species not reported (Children) 

Study 
author 

Year Study design Country Study period Description of 
study participants 

Description of type of travellers Sample 
size 

% (n) 
P.falciparum 

Patient 
delay 
(days) 

Quality 
assessment 

score 

Parola 
(288) 

2005 
Prospective 

observational 
study 

France 2002-2003 
Lab confirmed 

malaria in children 
<15 years 

Data on reason for travel or description of type of traveller 
unavialable 

42 N/A 2 (0-42) 8 
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Medical Diagnostic Delay 

P. falciparum 

Study 
author 

Year Study design Country Study 
period 

Description of study 
participants 

Description of type of travellers Sample 
size 

%  
P.falciparum 

Medical 
diagnostic delay 

(days) 

Quality 
assessment 

score 

Higa (112) 2013 Retrospective 
study 

Japan 1998-2012 Laboratory confirmed 
cases of P. falciparum 

70% of overall number of cases were Japanese citizens 
who travelled to an endemic area 

14 100 0·7 days 
"average" (0-4) 

9 

 

P. falciparum (Severe) 

Study author Year Study design Country Study 
period 

Description of study 
participants Description of type of travellers Sample 

size 
%  

P.falciparum 

Medical 
diagnostic 

delay (days) 

Quality 
assessment 

score 

McCarthy 
(219) 2015 Retrospective 

chart review Canada 2001-2013 Patients with severe 
malaria 

80% of malaria cases were in Canadian residents, 12% were 
in recent immigrants who arrived to Canada in the previous 

12 months, 7% were in short term visitors (1% other 
residency status) 

248 94 
0 (0-864) 30·2* 

(SD 94·94) 
(hours) 

9 
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P. falciparum (Children) 

Study 
author Year Study design Country Study 

period 
Description of study 

participants Description of type of travellers Sample 
size 

%  
P.falciparum 

Medical 
diagnostic 

delay (days) 

Quality 
assessment 

score 
Dubos 
(261) 

2010 retrospective 
chart review 

France 2000-2006 Children aged 18 and 
under 

Data on reason for travel or description of type of traveller 
unavialable 

120 83 0 (IQR 0-1) 9 

Chalumeau 
(113) 

2006 
prospective 

observational 
study 

France 2002 
Lab confirmed P. 

falciparum in 
children <18 years 

24% of the children were recent migrants to France and 76% had 
visited their parents country of origin 

29 100 0 (0-19) 1·5* 9 

 

P. vivax 

Study 
author Year Study design Country Study period 

Description of 
study participants Description of type of travellers 

Sample 
size 

%  
P.vivax 

Medical 
diagnostic 

delay (days) 

Quality 
assessment 

score 

Higa (112) 2013 
Retrospective 

study Japan 1998-2012 
Laboratory 

confirmed cases 
of P. vivax 

70% of overall number of cases were Japanese citizens who travelled to 
an endemic area 7 100 

4·6 "average" 
(0-18 range) 9 

 

Mixed species 

Study 
author Year Study design Country Study 

period 
Description of study 

participants Description of type of travellers Sample 
size 

%  
P.falciparum 

Medical 
diagnostic 

delay 

Quality 
assessment 

score 

Nakayama 
(a) (111) 

2014 Retrospective 
report 

Japan 1991-2000 
Laboratory 

confirmed cases 
malaria 1st decade 

Out of all cases who had acquired malaria, 79% were Japanese 
travellers to an endemic country for business or tourism. 21% of 

cases were recent immigrants. 
14 35·7 

8·8* (95%CI 
5·9-11·7) 7·5 

(IQR 5·8-11·8) 
10 

Nakayama 
(b) (111) 2014 Retrospective 

report Japan 2001-2010 
Laboratory 

confirmed cases 
malaria 2nd decade 

Out of all cases who had acquired malaria, 79% were Japanese 
travellers to an endemic country for business or tourism. 21% of 

cases were recent immigrants. 
13 69·2 

5·8* (95%CI 
3·3 -8·3) 4 
(IQR 3-9) 

10 
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Treatment delay 

P. falciparum 

Study 
author 

Year Study design Country Study 
period 

Description of study 
participants 

Description of type of travellers Sample 
size 

% (n) 
P.falciparum 

Treatment 
delay (days) 

Quality 
assessment 

score 

Grynberg 
(97) 

2015 retrospective 
chart review 

Israel 2001-2013 
Adult Israeli travellers 
with uncomplicated 

P.falciparum 

All cases were short-term travellers from Israel returning 
from a malaria endemic area 

63 100 4* (SD 6·4) 6 

 

P. falciparum (Severe) 

Study author Year Study design Country Study 
period 

Description of study 
participants Description of type of travellers Sample 

size 
% (n) 

P.falciparum 
Treatment 

delay (days) 

Quality 
assessment 

score 
Jaureguiberry 
(a) (98) 

2015 retrospective 
chart review 

France 2011-2013 Patients who received 
IV artesunate and died 

Reasons for travel were tourism (14%), visiting friends 
and relatives (50%), business (9%) and other (27%) 

6 100 1·5 (1-5) 7 

Jaureguiberry 
(b) (98) 

2015 
retrospective 
chart review 

France 2011-2013 
Patients who received 

IV artesunate and 
recovered 

Reasons for travel were tourism (14%), visiting friends 
and relatives (50%), business (9%) and other (27%) 

117 100 4 (2-5) 7 

 

Medical treatment delay 
P. falciparum 

Study author Year Study design Country Study 
period 

Description of study 
participants 

Description of type of travellers Sample 
size 

%  
P.falciparum 

Medical 
treatment 

delay (days) 

Quality 
assessment 

score 

Askling (289) 2005 Questionnaire Sweden 1994-2001 

Questionnaires (58% 
response rate) sent to 

patients diagnosed 
with P.falciparum 

Reasons for travel were tourism (32%), visiting friends 
and relatives (21%), business (26%) and other (21%) 

237 100 <1 (0-60) 6 

Higa (112) 2013 Retrospective 
study 

Japan 1998-2012 Laboratory confirmed 
cases of P. falciparum 

70% of overall number of cases were Japanese citizens 
who travelled to an endemic area 

14 100 0 "average" 
(0) 

9 
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P. falciparum (Severe) 

Study author Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

%  
P.falciparum 

Medical 
treatment 

delay (days) 

Quality 
assessment 

score 

McCarthy 
(219) 2015 

retrospective 
chart review Canada 2001-2013 

Patients with severe 
malaria 

80% of malaria cases were in Canadian residents, 12% were 
in recent immigrants who arrived to Canada in the previous 

12 months, 7% were in short term visitors (1% other 
residency status) 

248 94 
2 (0-864) 
29·9* (SD 

91·6) (hours) 
9 

 

P. falciparum (Children) 

Study author Year Study design Country Study period 
Description of 

study participants Description of type of travellers 
Sample 

size 
%  

P.falciparum 

Medical 
treatment 

delay (days) 

Quality 
assessment 

score 

Goldfarb (300) 2009 retrospective 
chart review 

Canada 1999-2006 

Children treated 
for malaria after 

to implementation 
of protocol 

Data on reason for travel or description of type of 
traveller unavialable 

19 95 5·5 (IQR 3-
9·25) (hours) 

10 

 

P. vivax 

Study 
author 

Year Study design Country Study period Description of study 
participants 

Description of type of travellers Sample 
size 

%  
P.vivax 

Medical 
treatment 

delay (days) 

Quality 
assessment 

score 

Higa (112) 2013 
Retrospective 

study Japan 1998-2012 
Laboratory confirmed 

cases of P. vivax 
70% of overall number of cases were Japanese citizens who 

travelled to an endemic area 7 100 
0·3 "average" 

(0-1 range) 9 

 

Mixed species in children 

Study author Year Study design Country Study 
period 

Description of study 
participants Description of type of travellers Sample 

size 
%  

P.falciparum 

Medical 
treatment 

delay (days) 

Quality 
assessment 

score 

Maltezou 
(99) 2013 

retrospective 
chart review Greece 

1972-
2012 

Children aged 15 
and under 

32% occurred in recent immigrants to Greece, 27% occurred in 
those visiting friends and relatives in an endemic area (41% other 

reason for travel) 
22 32 2 (1-4) 8 
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A-7. PRISMA checklist 

Section/topic  # Checklist item  
Reported on 
page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  32 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and 
interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review 
registration number.  

N/A 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  32 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study 
design (PICOS).  

32-33 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information 
including registration number.  

33 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication 
status) used as criteria for eligibility, giving rationale.  

33-38 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the 
search and date last searched.  

33-35 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.  34 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-
analysis).  

35-37, 40 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and 
confirming data from investigators.  

39-40 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.  39-40 

Risk of bias in individual studies  12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or 
outcome level), and how this information is to be used in any data synthesis.  

39 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  41 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-
analysis.  

41 
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Section/topic  # Checklist item  
Reported on 
page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies).  39 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-
specified.  

40-41 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with 
a flow diagram.  

42-44 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations.  Appendix A-6 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Appendix A-4 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect 
estimates and confidence intervals, ideally with a forest plot.  

Appendix A-6 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  47-54 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  55 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  49, 51 and 53 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., 
healthcare providers, users, and policy makers).  

56 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, 
reporting bias).  

59 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  60 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review.  N/A 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097  
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Appendix B. Supplementary material for Chapter 3 
 

B-1. Structure of Read codes 

Chapter Contents 
0 Occupations 
1 History & symptoms 
2 Examination signs 
3 Diagnostic procedures 
4 Laboratory procedures 
5 Radiology & physics in medicine 
6 Preventative procedures 
7 Operations and procedures 
8 Other therapeutic procedures 
9 Administration 
A Infections and parasitic diseases 
B Neoplasms 
C Endocrine, nutrition, metabolic and immunity disorders 
D Diseases of blood and blood forming organs 
E Mental disorders 
F Nervous system and sense organ disease 
G Circulatory system diseases 
H Respiratory system diseases 
J Digestive system diseases 
K Genitourinary system diseases 
L Complications of pregnancy, childbirth and the puerperium 
M Skin & subcutaneous tissue diseases 
N Musculoskeletal and connective diseases 
P Congenital anomalies 
Q Perinatal conditions 
R [D] Symptoms, signs and ill-defined conditions 
S Injury & poisoning 
T Causes of injury and poisoning 
U [X] External causes of morbidity and mortality 
Z Unspecified conditions 

This table shows the first level categories of Read codes (first character of the 7 character Read code). The 7 
character code is hierarchal and becomes more detailed, with the remaining characters representing sub groups of 
the first level category 
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B-2. RECORD statement checklist 
Checklist of items that should be reported in observational studies using routinely collected 
health data. 

     
 STROBE items Location 

in thesis 
where 
items are 
reported 

RECORD items Location 
in thesis 
where 
items are 
reported 

Title and abstract  
 (a) Indicate the study’s 

design with a commonly 
used term in the title or 
the abstract (b) Provide 
in the abstract an 
informative and 
balanced summary of 
what was done and what 
was found 

(a) Page 1 – 
Title page 
 
(b) Page 3 

RECORD 1.1: The type of 
data used should be specified 
in the title or abstract. When 
possible, the name of the 
databases used should be 
included. 
 
RECORD 1.2: If applicable, 
the geographic region and 
timeframe within which the 
study took place should be 
reported in the title or 
abstract. 

Page 1 – 
Title page 
 
 
 
 
 
Page 1 – 
Title page 
 
 
 
 

Introduction 
Background 
rationale 

Explain the scientific 
background and 
rationale for the 
investigation being 
reported 

Chapter 4: 
Section 4.2 
 
Chapter 5: 
Section 5.2 
 
Chapter 6: 
Section 6.2, 
6.3 and 6.4 

  

Objectives State specific objectives, 
including any 
prespecified hypotheses 

Chapter 4: 
Section 4.3 
 
Chapter 5: 
Section 5.4 
 
Chapter 6: 
Section 6.5 

  

Methods 
Study Design Present key elements of 

study design early in the 
paper 

Chapter 4: 
Section 4.4 
 
Chapter 5: 
Section 5.5 
 
Chapter 6: 
Section 6.1 

  

Setting Describe the setting, 
locations, and relevant 
dates, including periods 
of recruitment, 
exposure, follow-up, and 
data collection 

Chapter 4: 
Section 4.4 
 
Chapter 5: 
Section 5.5 
 
Chapter 6: 
Section 6.6 

  

Participants (a) Cohort study - Give 
the eligibility criteria, 
and the sources and 
methods of selection of 
participants. Describe 
methods of follow-up 
 

Chapter 4: 
Section 4.4.5 
 
Chapter 5: 
Section 5.5 
 

RECORD 6.1: The methods 
of study population selection 
(such as codes or algorithms 
used to identify subjects) 
should be listed in detail. If 
this is not possible, an 

Chapter 4: 
Section 4.4.4 
 
Chapter 5: 
Section 5.5.3 
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Chapter 6: 
Section 6.6 

explanation should be 
provided.  
 
RECORD 6.2: Any 
validation studies of the 
codes or algorithms used to 
select the population should 
be referenced. If validation 
was conducted for this study 
and not published elsewhere, 
detailed methods and results 
should be provided. 
 

Chapter 6: 
Section 6.6 
 
Chapter 4: 
Section 4.4.6 
 
Chapter 5: 
Section 5.5.4 
 
 
 

Variables Clearly define all 
outcomes, exposures, 
predictors, potential 
confounders, and effect 
modifiers. Give 
diagnostic criteria, if 
applicable. 

Chapter 4: 
Sections 4.4.4 
and 4.4.5 
 
Chapter 5: 
Sections 5.5.3 
and 5.5.4 
 
Chapter 6: 
Sections 6.6.2, 
6.6.3 and 6.6.4 

RECORD 7.1: A complete 
list of codes and algorithms 
used to classify exposures, 
outcomes, confounders, and 
effect modifiers should be 
provided. If these cannot be 
reported, an explanation 
should be provided. 

Appendix C-
1 
Appendix D-
1 
Appendix E-
4 to E-6 
 

Data sources/ 
measurement 

For each variable of 
interest, give sources of 
data and details of 
methods of assessment 
(measurement). 
 

Chapter 4: 
Section 4.4.1 
 
Chapter 5: 
Section 5.5.1 
 
Chapter 6: 
Section 6.6.1 

  

Bias Describe any efforts to 
address potential sources 
of bias 

Chapter 4: 
Section 4.4.4.1 
 
Chapter 5: 
Sections 5.5.3 
and 5.5.4 
 
Chapter 6: 
Sections 6.6.2 
and 6.6.3 

  

Study size Explain how the study 
size was arrived at 

Chapter 4: 
Section 4.4 
 
Chapter 5: 
Section 5.5 
 
Chapter 6: 
Section 6.6 

  

Quantitative 
variables 

Explain how 
quantitative variables 
were handled in the 
analyses. If applicable, 
describe which 
groupings were chosen, 
and why 

Chapter 4: 
Section 4.4.5 
 
Chapter 5: 
Section 5.5.4 
 
Chapter 6: 
Section 6.6.5 

  

Statistical methods (a) Describe all 
statistical methods, 
including those used to 
control for confounding 
(b) Describe any 
methods used to 
examine subgroups and 
interactions 
(c) Explain how missing 
data were addressed 

Chapter 4: 
Section 4.4.5 
 
Chapter 5: 
Section 5.5.4 
 
Chapter 6: 
Section 6.6.5 
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(d) Cohort study - If 
applicable, explain how 
loss to follow-up was 
addressed 
 (e) Describe any 
sensitivity analyses 

Data access and 
cleaning methods 

  RECORD 12.1: Authors 
should describe the extent to 
which the investigators had 
access to the database 
population used to create the 
study population. 
 
RECORD 12.2: Authors 
should provide information 
on the data cleaning methods 
used in the study. 

Described in 
Chapter 3 for 
all 3 studies 
 
Chapter 4: 
Section 
4.4.4.1 
 
Chapter 5: 
Section 5.5.3 
and 5.5.4 
 
Chapter 6: 
Section 
6.6.4.4 

Results 
Participants (a) Report the numbers 

of individuals at each 
stage of the study (e.g., 
numbers potentially 
eligible, examined for 
eligibility, confirmed 
eligible, included in the 
study, completing 
follow-up, and analysed) 
(b) Give reasons for 
non-participation at each 
stage. 
(c) Consider use of a 
flow diagram 

Chapter 4: 
Section 4.5 
Figure 4-8 
 
Chapter 5: 
Section 5.6, 
Figure 5-3 
 
Chapter 6: 
Sections 6.7.1, 
6.7.3 and 6.7.4 

RECORD 13.1: Describe in 
detail the selection of the 
persons included in the study 
(i.e., study population 
selection) including filtering 
based on data quality, data 
availability and linkage. The 
selection of included persons 
can be described in the text 
and/or by means of the study 
flow diagram. 

Chapter 4: 
Section 4.5 
 
Chapter 5: 
Section 5.6 
 
Chapter 6: 
Sections 
6.7.1, 6.7.3 
and 6.7.4 

Descriptive data (a) Give characteristics 
of study participants 
(e.g., demographic, 
clinical, social) and 
information on 
exposures and potential 
confounders 
(b) Indicate the number 
of participants with 
missing data for each 
variable of interest 
(c) Cohort study - 
summarise follow-up 
time (e.g., average and 
total amount) 

Chapter 4: 
Section 4.5.1 
 
Chapter 5: 
Section 5.6.5 
 
Chapter 6: 
Section 6.7.1 

  

Outcome data Cohort study - Report 
numbers of outcome 
events or summary 
measures over time 
Case-control study - 
Report numbers in each 
exposure category, or 
summary measures of 
exposure 

Chapter 4: 
Section 4.5 
 
Chapter 5: 
Section 5.6 
 
Chapter 6: 
Section 6.7.3 
and Table 6-2 

  

Main results (a) Give unadjusted 
estimates and, if 
applicable, confounder-
adjusted estimates and 
their precision (e.g., 
95% confidence 
interval). Make clear 
which confounders were 

Chapter 4: 
Section 4.5 
 
Chapter 5: 
Section 5.6.5 
 
Chapter 6: 
Section 6.7.3 
and 6.7.4 
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adjusted for and why 
they were included 
(b) Report category 
boundaries when 
continuous variables 
were categorized 
(c) If relevant, consider 
translating estimates of 
relative risk into 
absolute risk for a 
meaningful time period 

Other analyses Report other analyses 
done—e.g., analyses of 
subgroups and 
interactions, and 
sensitivity analyses 

Chapter 4: 
Section 4.5.2, 
4.5.3 and 4.5.4 
 
Chapter 5: 
Section 5.6.6 
and 5.6.7 
 
Chapter 6: 
Section 6.7.5 

  

Discussion 
Key results Summarise key results 

with reference to study 
objectives 

Chapter 4: 
Section 4.6.1 
 
Chapter 5: 
Section 5.7.1 
 
Chapter 6: 
Sections 6.8.1, 
6.8.2 and 6.8.3 

  

Limitations Discuss limitations of 
the study, taking into 
account sources of 
potential bias or 
imprecision. Discuss 
both direction and 
magnitude of any 
potential bias 

Chapter 4: 
Sections 4.6.3, 
4.6.4 and 4.6.5 
 
Chapter 5: 
Section 5.7 
 
Chapter 6: 
Sections 6.8.5, 
6.8.6 and 6.8.7 

RECORD 19.1: Discuss the 
implications of using data 
that were not created or 
collected to answer the 
specific research question(s). 
Include discussion of 
misclassification bias, 
unmeasured confounding, 
missing data, and changing 
eligibility over time, as they 
pertain to the study being 
reported. 

Chapter 4: 
Section 
4.6.3, 4.6.4 
and 4.6.5 
 
Chapter 5: 
Section 5.7 
 
Chapter 6: 
Sections 
6.8.5, 6.8.6 
and 6.8.7 

Interpretation Give a cautious overall 
interpretation of results 
considering objectives, 
limitations, multiplicity 
of analyses, results from 
similar studies, and 
other relevant evidence 

Chapter 4: 
Section 4.6 
 
Chapter 5: 
Section 5.7.4 
 
Chapter 6: 
Sections 6.8.1, 
6.8.2 and 6.8.3 

  

Generalisability Discuss the 
generalisability (external 
validity) of the study 
results 

Chapter 4: 
Section 4.6.2 
and 4.6.3 
 
Chapter 5: 
Section 5.7.2, 
5.7.3 and 5.7.4 
 
Chapter 6: 
Sections 6.8.5, 
6.8.6 and 6.8.7 

  

* Adapted version of the checklist described in the following article: Benchimol EI, Smeeth L, Guttmann A, Harron K, 

Moher D, Petersen I, et al. (2015) The REporting of studies Conducted using Observational Routinely-collected health 
Data (RECORD) Statement. PLoS Med 12(10): e1001885. https://doi.org/10.1371/journal.pmed.1001885 
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Appendix C. Supplementary material for Chapter 4 

C-1. Read codes used to identify malaria cases, malaria investigation and 
medications prescribed for malaria treatment. 

Read codes used to identify cases of malaria 

Medcode Description of malaria diagnostic Read code 
A84..00 Malaria 
A84X.00 Plasmodium falciparum malaria, unspecified 
A840.00 Falciparum malaria - malignant 
A846.00 Unspecified malaria 
A841.00 Vivax malaria - benign tertian 
A841X00 Plasmodium vivax malaria without complication 
A844.00 Other malaria 
A849100 Cerebral malaria 
65V4.00 Notification of malaria 
A84W.00 Plasmodium malariae malaria without complication 
A843.00 Ovale malaria 
42YA.00 Malarial parasites 
A840000 Plasmodium falciparum malaria with cerebral complications 
A849z00 Other malaria complications NOS 
F032011 Malarial encephalitis 
AyuF100 [X]Plasmodium falciparum malaria, unspecified 
J632000 Hepatitis in malaria 
A844.11 Monkey malaria 
A844000 Malaria due to simian plasmodia 
AyuF700 [X]Unspecified malaria 
F032000 Encephalitis due to malaria 
A845.00 Mixed malaria 
A844100 Plasmodium malariae malaria with nephropathy 
AyuF500 [X]Plasmodium malariae malaria without complication 
A847.00 Induced malaria 
A841000 Plasmodium vivax malaria with rupture of spleen 
A849.00 Other malaria complications 
K01x200 Nephrotic syndrome in malaria 
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Malaria specific investigation used in the algorithm to identify malaria cases 

Medcode Description of malaria investigation 
6841 Malaria screening 

ZV75100 [V]Screening for malaria 
4JP0.00 Thick film for malarial parasites 
4JRD.00 Malarial parasite screening test 
42Y1.00 Microscopy for malarial parasites 
4JR6.00 ICT malaria screening test 
4JDR.00 Malaria serology 
4JQ5.00 Malaria antigen test 

AHD code 
 

1001400279 Microscopy for malarial parasites 
 

Medications used to treat malaria and their corresponding Read codes in THIN  

Drugcode Medication 

97987996 Quinine sulfate 300mg tablets 

96305997 Doxycycline 100mg capsules 

97987997 Quinine sulfate 200mg tablets 

94959998 Quinine bisulfate 300mg tablets 

88398998 Proguanil 100mg / Atovaquone 250mg tablets 

92613998 Doxycycline 50mg capsules 

98969998 Doxycycline 100mg capsules 

97753998 Doxycycline 50mg capsules 

96305996 Doxycycline (as hyclate) 100mg tablets 

88399998 Proguanil 100mg / Atovaquone 250mg tablets 

99291998 Proguanil 100mg tablets 

95387998 Proguanil 100mg tablets 

91630998 Doxycycline 100mg dispersible tablets sugar free 

88368998 Proguanil 100mg / Atovaquone 250mg tablets 

95532992 Quinine bisulfate 300mg tablets 

88886998 Proguanil 25mg / Atovaquone 62.5mg tablets 

99613990 Doxycycline 100mg capsules 

93923998 Doxycycline 100mg capsules 

96305998 Doxycycline 100mg dispersible tablets sugar free 

94330992 Quinine sulfate 300mg tablets 

99409990 Quinine bisulfate 300mg tablets 

98969997 Doxycycline 100mg dispersible tablets sugar free 

88271998 Doxycycline 50mg capsules 

94328992 Quinine sulfate 300mg tablets 

97246992 Doxycycline 100mg capsules 

82732998 Doxycycline 40mg modified-release capsules 

88230998 Chloroquine phosphate 250mg tablets and Proguanil 100mg tablets 

97987998 Quinine sulphate 125mg tablet 

98670989 Quinine sulfate 300mg tablets 
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93484992 Doxycycline 100mg capsules 

88220998 Chloroquine phosphate 250mg tablets and Proguanil 100mg tablets 

98231998 Doxycycline 100mg dispersible tablets sugar free 

99451998 Pyrimethamine & dapsone 12.5mg+100mg tablets 

99101998 Doxycycline 100mg capsules 

88030998 Doxycycline 50mg capsules 

96304997 Doxycycline (as hyclate) 20mg capsules 

94534992 Quinine bisulfate 300mg tablets 

88226998 Chloroquine phosphate 250mg tablets and Proguanil 100mg tablets 

93614979 Proguanil 100mg / Atovaquone 250mg tablets 

90801998 Doxycycline 20mg tablets 

90963998 Proguanil 25mg / Atovaquone 62.5mg tablets 

99405989 Quinine sulfate 300mg tablets 

99613989 Doxycycline 50mg capsules 

98601989 Doxycycline 100mg capsules 

99101997 Doxycycline 50mg capsules 

97761989 Doxycycline 100mg capsules 

82730998 Doxycycline 40mg modified-release capsules 

87995998 Proguanil 25mg / Atovaquone 62.5mg tablets 

94536992 Quinine sulfate 200mg tablets 

93642979 Quinine bisulfate 300mg tablets 

98103990 Quinine bisulfate 300mg tablets 

94961998 Quinine dihydrochloride 300mg tablet 

94960998 Quinine hydrochloride 300mg tablet 

95359998 Pyrimethamine 25mg tablets 

99405990 Quinine sulfate 200mg tablets 

98551998 Pyrimethamine & sulfadoxine 25mg+500mg tablets 

99404990 Quinine sulfate 300mg tablets 

95531992 Quinine sulfate 200mg tablets 

97984992 Quinine dihydrochloride 200 mg tab 

99404989 Quinine sulfate 200mg tablets 

99410990 Quinine bisulfate 300mg tablets 

98969996 Doxycycline 50mg/5ml syrup 

98446990 Quinine bisulfate 300mg tablets 

96304998 Doxycycline (as hyclate) 50mg/5ml oral solution 

92856998 Doxycycline 100mg capsules 

99402990 Quinine sulfate 200mg tablets 

98697998 Primaquine 7.5mg tablets 

99402989 Quinine sulfate 300mg tablets 

92362998 Doxycycline 100mg capsules 

89467998 Doxycycline 20mg tablets 

97909990 Quinine bisulfate 300mg tablets 

88431998 Doxycycline 100mg capsules 

97209989 Doxycycline 100mg capsules 

92521997 Atovaquone 750mg/5ml oral suspension sugar free 

94662990 Quinine sulfate 200mg tablets 
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99403989 Quinine sulfate 300mg tablets 

99078990 Quinine bisulfate 300mg tablets 

95358998 Dapsone 100mg / pyrimethamine 12.5mg tablets 

98670990 Quinine sulfate 200mg tablets 

98447990 Quinine bisulfate 300mg tablets 

98601990 Doxycycline 50mg capsules 

99403990 Quinine sulfate 200mg tablets 

99786998 Pyrimethamine 25mg tablets 

99406990 Quinine sulfate 300mg tablets 

95538992 Quinine sulphate 500 mg tab 

96838990 Quinine bisulfate 300mg tablets 

99408990 Quinine bisulfate 300mg tablets 

94036992 Quinine bisulphate 150 mg tab 

98044990 Doxycycline 100mg capsules 

95357998 Pyrimethamine 25mg / sulfadoxine 500mg tablets 

97913998 Doxycycline 100mg tablets 

79282979 Quinine sulfate 300mg/5ml oral suspension 

93613979 Proguanil 100mg / Atovaquone 250mg tablets 

98352990 Doxycycline 100mg capsules 

96354990 Doxycycline 100mg capsules 

92613997 Doxycycline 50mg capsules 

95533992 Quinine bisulphate 125 mg tab 

95534992 Quinine sulphate .5 gm tab 

95537992 Quinine sulphate 250 mg tab 

97121990 Doxycycline 100mg capsules 

95539992 Quinine sulphate 100 mg tab 

92856997 Doxycycline 50mg capsules 

79255978 Proguanil 100mg / atovaquone 250mg tablets 

94331992 Quinine sulphate 200 mg sus 

97051990 Doxycycline 100mg capsules 

97209990 Doxycycline 50mg capsules 

98352989 Doxycycline 50mg capsules 

96282990 Doxycycline (as hyclate) 100mg tablets 

92775990 Doxycycline 100mg capsules 

96202990 Doxycycline 50mg capsules 

96457998 Dapsone 100mg with pyrimethamine 12.5mg tablets 

97921990 Quinine sulfate 200mg tablets 

98444990 Quinine sulfate 300mg tablets 

79250978 Proguanil 25mg / atovaquone 62.5mg tablets 

79773978 Proguanil 100mg / Atovaquone 250mg tablets 

82198978 Proguanil 100mg / Atovaquone 250mg tablets 

92521998 Atovaquone 250mg tablets 

93612979 Proguanil 100mg / Atovaquone 250mg tablets 

94329992 Quinine sulphate 4 mg tab 

96089990 Doxycycline 100mg capsules 
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Travel vaccinations and their corresponding Read codes in THIN 

AHD code Description of travel vaccine 
1002000001 Tetanus 
1002000010 Polio 
1002000100 Diphtheria 
1002020000 Measles 
1002030000 Mumps 
1002040200 Rubella 
1002080000 Hepatitis B 
1002080012 Hepatitis A jr 
1002090000 Influenza 
1002100000 Pneumococcal 
1002100010 Pneumococcal conjugate vaccine 
1002110000 Rabies 
1002130000 Typhoid 
1002132000 Typhoid 
1002133000 Typhoid 
1002150000 Yellow Fever 
1002210003 Meningococcal Polysaccharide ACWY 
1002340000 Hepatitis A 
1002340005 Hepatitis A 
1002344000 Hepatitis A stage 2 
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C-2. Results of the sensitivity analysis 
Results of the sensitivity analysis where a duration of 45 days between a recording for a 
malaria investigation and a prescription for an antimalarial was used as a cutoff to identify 
individuals with a diagnosis of malaria. 

 
Number of 

cases 
PYAR 

(100,000) 
Incidence Unadjusted IRR 

(95% CI) 
Adjusted† IRR 

(95% CI) 
Year      

2005 172 52.50 3.28 Baseline  

2006 176 54.81 3.21 0.98 (0.79-1.21) 0.98 (0.79-1.20) 
2007 154 57.14 2.70 0.82 (0.66-1.02) 0.82 (0.66-1.02) 
2008 148 58.95 2.51 0.77 (0.62-0.95) 0.77 (0.61-0.95) 
2009 130 59.80 2.17 0.66 (0.53-0.83) 0.66 (0.52-0.82) 
2010 124 59.59 2.08 0.64 (0.50-0.80) 0.62 (0.49-0.78) 
2011 132 61.20 2.16 0.66 (0.52-0.83) 0.64 (0.51-0.81) 
2012 83 62.42 1.33 0.41 (0.31-0.53) 0.40 (0.30-0.51) 
2013 123 61.10 2.01 0.61 (0.49-0.77) 0.60 (0.47-0.75) 
2014 91 57.68 1.58 0.48 (0.37-0.62) 0.48 (0.37-0.62) 
2015 68 49.97 1.36 0.42 (0.31-0.55) 0.44 (0.33-0.58) 
2016 55 41.27 1.33 0.41 (0.30-0.55) 0.44 (0.32-0.60) 
Total 1,456 676.43 2.15   

Age      

Less than 10 years 79 70.44 1.12 Baseline  

10 to 19 years 104 73.08 1.42 1.27 (0.95-1.70) 1.32 (0.98-1.77) 
20 to 29 years 245 87.46 2.80 2.50 (1.94-3.22) 2.46 (1.91-3.17) 
30 to 39 years 320 96.89 3.30 2.94 (2.30-3.78) 2.79 (2.18-3.56) 
40 to 49 years 321 101.02 3.18 2.83 (2.21-3.62) 2.88 (2.25-3.68) 
50 to 59 years 210 84.06 2.50 2.23 (1.72-2.88) 2.40 (1.85-3.10) 
60 to 69 years 118 71.45 1.65 1.47 (1.11-1.96) 1.66 (1.25-2.21) 
70 to 79 years 45 50.66 0.89 0.79 (0.55-1.14) 0.89 (0.62-1.29) 
80 to 89 years 9 30.53 0.29 0.26 (0.13-0.52) 0.30 (0.15-0.60) 

90 years and older 5 10.85 0.46 0.41 (0.17-1.01) 0.51 (0.21-1.25) 
Sex 

     

Male 838 329.05 2.55 Baseline  

Female 618 347.37 1.78 0.70 (0.63-0.78) 0.72 (0.64-0.79) 
Region 

     

London 470 77.10 6.10 Baseline  

East Midlands 25 13.74 1.82 0.30 (0.20-0.45) 0.30 (0.20-0.44) 
East of England 95 37.80 2.49 0.41 (0.33-0.51) 0.45 (0.36-0.56) 

North East 26 13.62 1.91 0.31 (0.21-0.46) 0.31 (0.21-0.47) 
North West 80 59.40 1.35 0.22 (0.17-0.28) 0.24 (0.19-0.30) 

Northern Ireland 17 27.14 0.63 0.10 (0.06-0.17) 0.11 (0.07-0.18) 
Scotland 160 97.51 1.64 0.27 (0.22-0.32) 0.30 (0.25-0.36) 

South Central 168 79.79 2.11 0.35 (0.29-0.41) 0.41 (0.34-0.49) 
South East Coast 139 74.18 1.87 0.31 (0.25-0.37) 0.37 (0.31-0.45) 

South West 71 60.50 1.17 0.19 (0.15-0.25) 0.22 (0.17-0.28) 
Wales 71 68.32 1.04 0.17 (0.13-0.22) 0.20 (0.15-0.26) 

West Midlands 122 54.58 2.24 0.37 (0.30-0.45) 0.41 (0.33-0.50) 
Yorkshire & Humber 13 12.75 1.02 0.17 (0.10-0.29) 0.17 (0.10-0.29) 

Townsend quintile      
(Least Deprived) 1 217 147.02 1.48 Baseline  

2 200 132.21 1.51 1.02 (0.85-1.24) 1.01 (0.84-1.23) 
3 285 127.94 2.23 1.51 (1.26-1.80) 1.37 (1.15-1.64) 
4 340 111.25 3.06 2.07 (1.75-2.46) 1.81 (1.52-2.15) 

(Most deprived) 5 245 75.40 3.25 2.20 (1.83-2.64) 1.85 (1.53-2.23) 
Missing 169 82.61 2.05 1.39 (1.13-1.69) 1.15 (0.94-1.41) 
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Appendix D. Supplementary material for Chapter 5 

D-1. Read code lists used in Chapter 5 
Atovaquone-proguanil 

Drugcode Description 
79250978 Proguanil 25mg / atovaquone 62.5mg tablets 
79255978 Proguanil 100mg / atovaquone 250mg tablets 
79773978 Proguanil 100mg / Atovaquone 250mg tablets 
82198978 Proguanil 100mg / Atovaquone 250mg tablets 
87995998 Proguanil 25mg / Atovaquone 62.5mg tablets 
88368998 Proguanil 100mg / Atovaquone 250mg tablets 
88398998 Proguanil 100mg / Atovaquone 250mg tablets 
88399998 Proguanil 100mg / Atovaquone 250mg tablets 
88886998 Proguanil 25mg / Atovaquone 62.5mg tablets 
90963998 Proguanil 25mg / Atovaquone 62.5mg tablets 
93612979 Proguanil 100mg / Atovaquone 250mg tablets 
93613979 Proguanil 100mg / Atovaquone 250mg tablets 
93614979 Proguanil 100mg / Atovaquone 250mg tablets 

 

Mefloquine 
Drugcode Description 
93226998 Mefloquine 250mg tablets 
93227998 Mefloquine 250mg tablets 
96087992 Mefloquine 250mg tablets 

 

Doxycycline 
Drugcode Description 
82730998 Doxycycline 40mg modified-release capsules 
82732998 Doxycycline 40mg modified-release capsules 
88030998 Doxycycline 50mg capsules 
88271998 Doxycycline 50mg capsules 
88431998 Doxycycline 100mg capsules 
89467998 Doxycycline 20mg tablets 
90801998 Doxycycline 20mg tablets 
91630998 Doxycycline 100mg dispersible tablets sugar free 
92362998 Doxycycline 100mg capsules 
92613997 Doxycycline 50mg capsules 
92613998 Doxycycline 50mg capsules 
92775990 Doxycycline 100mg capsules 
92856997 Doxycycline 50mg capsules 
92856998 Doxycycline 100mg capsules 
93484992 Doxycycline 100mg capsules 
93923998 Doxycycline 100mg capsules 
96089990 Doxycycline 100mg capsules 
96202990 Doxycycline 50mg capsules 



234 
 

96282990 Doxycycline (as hyclate) 100mg tablets 
96304997 Doxycycline (as hyclate) 20mg capsules 
96304998 Doxycycline (as hyclate) 50mg/5ml oral solution 
96305996 Doxycycline (as hyclate) 100mg tablets 
96305997 Doxycycline 100mg capsules 
96305998 Doxycycline 100mg dispersible tablets sugar free 
96354990 Doxycycline 100mg capsules 
97051990 Doxycycline 100mg capsules 
97121990 Doxycycline 100mg capsules 
97209989 Doxycycline 100mg capsules 
97209990 Doxycycline 50mg capsules 
97246992 Doxycycline 100mg capsules 
97753998 Doxycycline 50mg capsules 
97761989 Doxycycline 100mg capsules 
97913998 Doxycycline 100mg tablets 
98044990 Doxycycline 100mg capsules 
98231998 Doxycycline 100mg dispersible tablets sugar free 
98352989 Doxycycline 50mg capsules 
98352990 Doxycycline 100mg capsules 
98601989 Doxycycline 100mg capsules 
98601990 Doxycycline 50mg capsules 
98969996 Doxycycline 50mg/5ml syrup 
98969997 Doxycycline 100mg dispersible tablets sugar free 
98969998 Doxycycline 100mg capsules 
99101997 Doxycycline 50mg capsules 
99101998 Doxycycline 100mg capsules 
99613989 Doxycycline 50mg capsules 
99613990 Doxycycline 100mg capsules 

 

Acne 
Medcode Description 
2FG5.00 Acne scar 
679g000 Acne management education 
F4C3100 Rosacea conjunctivitis 
M153.00 Rosacea 
M153000 Acne rosacea 
M153200 Rosacea hypertrophica 
M153300 Lupoid rosacea 
M153400 Ocular rosacea 
M153z00 Rosacea NOS 
M25y600 Acne keloid 
M260.00 Acne varioliformis 
M260000 Acne frontalis 
M260z00 Acne varioliformis NOS 
M260z11 Acne necrotica 
M261.00 Other acne 
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M261000 Acne vulgaris 
M261100 Acne conglobata 
M261600 Cystic acne 
M261700 Acne neonatorum 
M261800 Infantile acne 
M261900 Occupational acne 
M261A00 Pustular acne 
M261B00 Steroid acne 
M261C00 Tropical acne 
M261D00 Acne urticata 
M261E00 Acne excoriee des jeunes filles 
M261F00 Acne fulminans 
M261G00 Acne agminata 
M261H00 Acne keloid 
M261J00 Acne necrotica 
M261K00 Acne keloidalis 
M261X00 Acne, unspecified 
M261z00 Other acne NOS 
Myu6800 [X]Other acne 
Myu6900 [X]Other rosacea 
Myu6F00 [X]Acne, unspecified 

 

Conditions where doxycycline can be prescribed (excluding acne) 
Medcode Description 
1BA5.11 Pain in sinuses 
1JN1.00 Suspected Lyme disease 
3315.00 Skin test brucellosis 
43T..00 Lyme disease test 
43T0.00 Lyme ELISA test 
43T0200 Lyme ELISA equivocal 
43T1.00 Lyme immunoblot test 
43T1100 Lyme immunoblot positive 
43U..00 Chlamydia antigen test 
43U0.00 Chlamydia antigen by ELISA 
43U1.00 Chlamydia antigen ELISA positive 
43U3.00 Chlamydia trachomatis antigen test 
43U4.00 Chlamydia PCR positive 
43U7.00 Chlamydia test equivocal 
43U8.00 Chlamydia test positive 
43WM.00 Chlamydia group antibody level 
43eC.00 Chlamydia trachomatis L2 antibody level 
43eE.00 Chlamydia antibody level 
43eF.00 Chlamydia group complement fixation test 
43eG.00 Chlamydia pneumoniae IgG level 
43eI.00 Chlamydia psittaci antibody level 
43eJ.00 Chlamydia trachomatis IgG level 
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43ed.00 Rickettsial antibody level 
43ez.00 Chlamydia trachomatis IgM level 
43h0.00 Chlamydia trachomatis polymerase chain reaction 
43h6.00 Neisseria gonorrhoeae polymerase chain reaction 
43j1.00 Chlamydia trachomatis nucleic acid detection 
43j1000 Chlamydia trachomatis (LGV serovar) DNA detection 
43j1100 Chlamydia trachomatis detection by NAAT 
43jK.00 Chlamydia deoxyribonucleic acid detection 
43n1.00 Mycoplasma pneumoniae antibody level 
43n7.00 Chlamydia pneumoniae IgA level 
43n8.00 Chlamydia psittaci IgA level 
43n9.00 Chlamydia trachomatis IgA level 
46H6.00 Urine chlamydia trachomatis test positive 
46H7.00 Urine chlamydia trachomatis test negative 
4JDM.00 Chlamydia serology 
4JF4200 Throat swab for chlamydia 
4JH6300 Anal swab for chlamydia 
4JK9.00 Endocervical chlamydia swab 
4JKA.00 Urethral chlamydia swab 
4JKD.00 Low vaginal swab for chlamydia taken by patient 
4JLC.00 Chlamydia swab 
4JRC.00 Atypical pneumonia screening test 
4JUK.00 Mycoplasma pneumoniae detected 
65PJ.00 Chlamydia trachomatis contact 
6833.00 Brucellosis screening 
683C.00 Chlamydia trachomatis screenng 
6842.00 Rickettsia screening 
68K7.00 Urine screen for chlamydia 
7N52100 [SO]Testis 
8H52.00 Ophthalmological referral 
8H58.00 Gynaecological referral 
9N1I.00 Seen in urology clinic 
9N1J.00 Seen in gynaecology clinic 
9N1K.00 Seen in ophthalmology clinic 
9N1L.00 Seen in ENT clinic 
9N1S.00 Seen in dermatology clinic 
9N1p.00 Seen in orthopaedic clinic 
9N2g.00 Seen by respiratory physician 
9NSN.00 Chlamydia screening not appropriate 
9Oq0.00 Chlamydia test offered 
9Oq4.00 Chlamydia screening programme test kit issued 
A022200 Salmonella pneumonia 
A23z.00 Brucellosis NOS 
A380300 Septicaemia due to streptococcus pneumoniae 
A3BXA00 Mycoplasma pneumoniae [PPLO] cause/dis classifd/oth chaptr 
A3BXB00 Klebsiella pneumoniae/cause/disease classifd/oth chapters 
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A3By400 Pleuropneumonia-like organism (PPLO) infection 
A3C0300 Sepsis due to Streptococcus pneumoniae 
A551.00 Postmeasles pneumonia 
A730.00 Ornithosis with pneumonia 
A77..00 Other disease conjunctiva due to viruses and chlamydiae NEC 
A77z.00 Viral or chlamydial conjunctivitis NOS 
A78..00 Other viral or chlamydial diseases 
A78A.00 Chlamydial infection 
A78A000 Chlamydial infection of lower genitourinary tract 
A78A300 Chlamydial inf of pelviperitoneum oth genitourinary organs 
A78A400 Chlamydial conjunctivitis 
A78A500 Chlamydial infection of genital organs NEC 
A78AW00 Chlamydial infection, unspecified 
A78AX00 Chlamydial infection of genitourinary tract, unspecified 
A78y.00 Other specified viral and chlamydial diseases 
A78yz00 Other specified viral and chlamydial diseases NOS 
A7y..00 Other specified viral or chlamydial diseases 
A7z..00 Other viral or chlamydial disease NOS 
A820.00 Spotted fevers 
A820000 Rocky mountain spotted fever 
A820z00 Spotted fever NOS 
A822000 Siberian tick typhus 
A823.00 Queensland tick typhus 
A832.00 Rickettsialpox 
A871000 Lyme disease 
A871011 Lyme borreliosis 
A980100 Acute gonococcal urethritis 
A982100 Chronic gonococcal urethritis 
A98yy14 Gonococcal cellulitis 
A994.00 Nonspecific urethritis 
Ayu4K00 [X]Chlamydial infection of genitourinary tract, unspecified 
Ayu6.00 [X]Other diseases caused by chlamydiae 
Ayu6100 [X]Other chlamydial diseases 
Ayu6200 [X]Chlamydial infection, unspecified 
AyuK900 [X]Mycoplasma pneumoniae [PPLO]cause/dis classifd/oth chaptr 
F00y400 Meningitis due to klebsiella pneumoniae 
F031.00 Encephalitis due to rickettsia EC 
F4D0.00 Blepharitis 
F4D0.11 Cellulitis of eyelids 
F4D1400 Cellulitis of eyelid 
F4G0100 Orbital cellulitis 
F501112 Cellulitis, external ear 
H01..00 Acute sinusitis 
H01..11 Sinusitis 
H03..00 Acute tonsillitis 
H05z.00 Upper respiratory infection NOS 
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H05z.11 Upper respiratory tract infection NOS 
H060A00 Acute bronchitis due to mycoplasma pneumoniae 
H06z000 Chest infection NOS 
H06z011 Chest infection 
H06z200 Recurrent chest infection 
H1y2100 Pharynx or nasopharynx cellulitis 
H1y5100 Cellulitis of vocal cords 
H1y7100 Cellulitis of larynx 
H2...00 Pneumonia and influenza 
H20..00 Viral pneumonia 
H20..11 Chest infection - viral pneumonia 
H200.00 Pneumonia due to adenovirus 
H203.00 Pneumonia due to human metapneumovirus 
H20y.00 Viral pneumonia NEC 
H20z.00 Viral pneumonia NOS 
H21..00 Lobar (pneumococcal) pneumonia 
H21..11 Chest infection - pneumococcal pneumonia 
H22..00 Other bacterial pneumonia 
H22..11 Chest infection - other bacterial pneumonia 
H220.00 Pneumonia due to klebsiella pneumoniae 
H221.00 Pneumonia due to pseudomonas 
H222.00 Pneumonia due to haemophilus influenzae 
H222.11 Pneumonia due to haemophilus influenzae 
H223.00 Pneumonia due to streptococcus 
H223000 Pneumonia due to streptococcus, group B 
H224.00 Pneumonia due to staphylococcus 
H22y.00 Pneumonia due to other specified bacteria 
H22y000 Pneumonia due to escherichia coli 
H22y011 E.coli pneumonia 
H22y200 Pneumonia - Legionella 
H22yX00 Pneumonia due to other aerobic gram-negative bacteria 
H22yz00 Pneumonia due to bacteria NOS 
H22z.00 Bacterial pneumonia NOS 
H23..00 Pneumonia due to other specified organisms 
H23..11 Chest infection - pneumonia organism OS 
H230.00 Pneumonia due to Eaton's agent 
H231.00 Pneumonia due to mycoplasma pneumoniae 
H232.00 Pneumonia due to pleuropneumonia like organisms 
H233.00 Chlamydial pneumonia 
H23z.00 Pneumonia due to specified organism NOS 
H24..00 Pneumonia with infectious diseases EC 
H24..11 Chest infection with infectious disease EC 
H242.00 Pneumonia with ornithosis 
H246.00 Pneumonia with aspergillosis 
H247.00 Pneumonia with other systemic mycoses 
H247z00 Pneumonia with systemic mycosis NOS 
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H24y.00 Pneumonia with other infectious diseases EC 
H24y000 Pneumonia with actinomycosis 
H24y100 Pneumonia with nocardiasis 
H24y200 Pneumonia with pneumocystis carinii 
H24y300 Pneumonia with Q-fever 
H24y400 Pneumonia with salmonellosis 
H24y600 Pneumonia with typhoid fever 
H24yz00 Pneumonia with other infectious diseases EC NOS 
H24z.00 Pneumonia with infectious diseases EC NOS 
H25..00 Bronchopneumonia due to unspecified organism 
H25..11 Chest infection - unspecified bronchopneumonia 
H26..00 Pneumonia due to unspecified organism 
H26..11 Chest infection - pnemonia due to unspecified organism 
H260.00 Lobar pneumonia due to unspecified organism 
H261.00 Basal pneumonia due to unspecified organism 
H262.00 Postoperative pneumonia 
H270.00 Influenza with pneumonia 
H270.11 Chest infection - influenza with pneumonia 
H270000 Influenza with bronchopneumonia 
H270100 Influenza with pneumonia, influenza virus identified 
H270z00 Influenza with pneumonia NOS 
H28..00 Atypical pneumonia 
H2B..00 Community acquired pneumonia 
H2C..00 Hospital acquired pneumonia 
H2y..00 Other specified pneumonia or influenza 
H2z..00 Pneumonia or influenza NOS 
H30..11 Chest infection - unspecified bronchitis 
H470.11 Aspiration pneumonia 
H470312 Aspiration pneumonia due to vomit 
H471000 Lipoid pneumonia (exogenous) 
H530300 Abscess of lung with pneumonia 
H540000 Hypostatic pneumonia 
H540100 Hypostatic bronchopneumonia 
H564.00 Bronchiolitis obliterans organising pneumonia 
H564.11 Cryptogenic organising pneumonia 
H56y000 Endogenous lipoid pneumonia 
H56y100 Interstitial pneumonia 
H571.00 Rheumatic pneumonia 
Hyu0A00 [X]Other bacterial pneumonia 
Hyu0B00 [X]Pneumonia due to other specified infectious organisms 
Hyu0C00 [X]Pneumonia in bacterial diseases classified elsewhere 
Hyu0H00 [X]Other pneumonia, organism unspecified 
J026.00 Chronic apical periodontitis 
J026z00 Chronic apical periodontitis NOS 
J033.00 Acute periodontitis 
J033z00 Acute periodontitis NOS 
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J034.00 Chronic periodontitis 
J034200 Chronic periodontitis simplex 
J034z00 Chronic periodontitis NOS 
J083.00 Oral cellulitis and abscess 
J083000 Cellulitis of floor of mouth 
J083100 Oral soft tissue cellulitis unspecified 
J083z00 Oral cellulitis and abscess NOS 
J085100 Cellulitis of lip 
J54..11 Cellulitis - anus or rectum 
J540.11 Perianal cellulitis 
J550400 Chlamydial peritonitis 
K17..00 Urethritis due to non venereal causes 
K17..11 Periurethritis 
K170300 Periurethral cellulitis 
K170311 Periurethritis 
K171.00 Post menopausal atrophic urethritis 
K171.11 Post menopausal urethritis 
K172.00 Candidal urethritis 
K17y.00 Other urethritis 
K17y000 Urethritis unspecified 
K17yz00 Other urethritis NOS 
K17z.00 Urethritis due to non venereal cause NOS 
K21..11 Prostatitis and other inflammatory diseases of prostate 
K211.00 Chronic prostatitis 
K21z.00 Prostatitis NOS 
K241.00 Epididymitis 
K241400 Acute epididymitis 
K241600 Chlamydial epididymitis 
K242.00 Epididymo-orchitis 
K272300 Cellulitis of penis 
K280200 Cellulitis of seminal vesicle 
K284300 Cellulitis of scrotum 
K4...00 Female pelvic inflammatory diseases 
K40..00 Ovarian, fallopian tube and pelvic inflammatory diseases 
K403.00 Acute parametritis and pelvic cellulitis 
K403100 Acute pelvic cellulitis 
K404.00 Chronic parametritis and pelvic cellulitis 
K404000 Chronic female pelvic cellulitis 
K404z00 Chronic pelvic inflammatory diseases NOS 
K405.00 Parametritis and pelvic cellulitis unspecified 
K405100 Pelvic cellulitis unspecified 
K406.11 Acute pelvic inflammatory disease 
K409.00 Acute pelvic inflammatory disease 
K40y000 Female syphilitic pelvic inflammatory disease 
K40y100 Female chlamydial pelvic inflammatory disease 
K40z.00 Female pelvic inflammatory diseases NOS 
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K40z.13 PID - pelvic inflammatory disease 
K420900 Chlamydia cervicitis 
K43..00 Female tuberculous pelvic inflammatory disease 
K44..00 Female gonococcal pelvic inflammatory disease 
K4y..00 Other specified female pelvic inflammatory disease 
K4z..00 Female pelvic inflammatory disease NOS 
Kyu5500 [X]Other urethritis 
Kyu8000 [X]Other specified female pelvic inflammatory diseases 
M0...00 Skin and subcutaneous tissue infections 
M02..00 Cellulitis and abscess of finger and toe 
M020.00 Cellulitis and abscess of finger 
M020000 Cellulitis and abscess of finger unspecified 
M020z00 Cellulitis and abscess of finger NOS 
M021.00 Cellulitis and abscess of toe 
M021000 Cellulitis and abscess of toe unspecified 
M021z00 Cellulitis and abscess of toe NOS 
M02z.00 Cellulitis and abscess of digit NOS 
M03..00 Other cellulitis and abscess 
M03..13 Cellulitis of skin area excluding digits of hand or foot 
M030.00 Cellulitis and abscess of face 
M030000 Cellulitis and abscess of cheek (external) 
M030011 Cellulitis and abscess of cheek 
M030100 Cellulitis and abscess of nose (external) 
M030111 Cellulitis and abscess of nose 
M030200 Cellulitis and abscess of chin 
M030300 Cellulitis and abscess of submandibular region 
M030400 Cellulitis and abscess of forehead 
M030500 Cellulitis and abscess of temple region 
M030600 Cellulitis of face 
M030z00 Cellulitis and abscess of face NOS 
M031.00 Cellulitis and abscess of neck 
M032.00 Cellulitis and abscess of trunk 
M032000 Cellulitis and abscess of chest wall 
M032100 Cellulitis and abscess of breast 
M032200 Cellulitis and abscess of back 
M032300 Cellulitis and abscess of abdominal wall 
M032400 Cellulitis and abscess of umbilicus 
M032500 Cellulitis and abscess of flank 
M032600 Cellulitis and abscess of groin 
M032700 Cellulitis and abscess of perineum 
M032800 Cellulitis of trunk 
M032z00 Cellulitis and abscess of trunk NOS 
M033.00 Cellulitis and abscess of arm 
M033000 Cellulitis and abscess of shoulder 
M033100 Cellulitis and abscess of axilla 
M033200 Cellulitis and abscess of upper arm 
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M033300 Cellulitis and abscess of elbow 
M033400 Cellulitis and abscess of forearm 
M033z00 Cellulitis and abscess of arm NOS 
M034.00 Cellulitis and abscess of hand excluding digits 
M034.11 Cellulitis and abscess of hand 
M034000 Cellulitis and abscess of hand unspecified 
M034013 Cellulitis of dorsum of hand 
M034014 Cellulitis of palm of hand 
M034100 Cellulitis and abscess of wrist 
M034z00 Cellulitis and abscess of hand NOS 
M035.00 Cellulitis and abscess of buttock 
M036.00 Cellulitis and abscess of leg excluding foot 
M036.11 Cellulitis and abscess of leg 
M036000 Cellulitis and abscess of hip 
M036100 Cellulitis and abscess of thigh 
M036200 Cellulitis and abscess of knee 
M036300 Cellulitis and abscess of lower leg 
M036400 Cellulitis and abscess of ankle 
M036z00 Cellulitis and abscess of leg NOS 
M037.00 Cellulitis and abscess of foot excluding toe 
M037.11 Cellulitis and abscess of foot 
M037000 Cellulitis and abscess of foot unspecified 
M037100 Cellulitis and abscess of heel 
M037200 Cellulitis in diabetic foot 
M037z00 Cellulitis and abscess of foot NOS 
M038.00 Cellulitis of external ear 
M03y.00 Other specified cellulitis and abscess 
M03y000 Cellulitis and abscess of head unspecified 
M03z.00 Cellulitis and abscess NOS 
M03z000 Cellulitis NOS 
M03zz00 Cellulitis and abscess NOS 
M08..00 Cutaneous cellulitis 
M080.00 [X]Cellulitis of finger and toe 
M080.13 [X]Cellulitis of thumb 
M081.00 [X]Cellulitis of other parts of limb 
M082.00 Cellulitis of face 
M083.00 Cellulitis of trunk 
M084.00 [X]Cellulitis of breast 
M085.00 Cellulitis of leg 
M086.00 Cellulitis of ankle 
M088.00 Cellulitis of arm 
M089.00 Cellulitis of neck 
M08A.00 Cellulitis of axilla 
M08B.00 Cellulitis of foot 
M08C.00 Cellulitis of toe 
M08y.00 [X]Cellulitis of other sites 
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M153500 Perioral dermatitis 
M244.00 Folliculitis 
M244100 Folliculitis (sycosis) barbae 
M2y7.00 Eosinophilic cellulitis [Wells] 
M2yz.11 Skin lesion 
N010A00 Arthritis in Lyme disease 
N010A11 Lyme arthritis 
N011.11 Arthropathy in nonspecific urethritis 
SP13100 Other aspiration pneumonia as a complication of care 
SP13200 Post operative chest infection 

 

Pre-travel consultation 
Medcode Description 
67E..00 Foreign travel advice 
65...15 Travel vaccinations 
13X6.00 Travel abroad on holiday 
67E2.00 Travel vaccination given 
13XB.00 Going to travel abroad 
67E1.00 Recommend travel vaccinations 
13XZ.00 Foreign travel NOS 
695..00 Travel examinations 
13XE.00 Non european travel 
38B3.00 Foreign travel risk assessment 
6955.00 Fitness to travel exam. 
13XZ.11 Travel abroad 
13X5.00 Travel abroad for business 
2J61.00 Identified as high risk for travel immunisation 
973Z.00 Foreign travel fees NOS 
695Z.00 Travel examination NOS 
8CER.00 Foreign travel advice leaflet given 
2J60.00 Identified as low risk for travel immunisation 
1L4..00 Date of foreign travel 
973..00 Foreign travel imm. pat. fee 
13X2.00 Travels abroad widely 
67ED.00 Advice on foreign travel - malaria advice 
67E8.00 Advice on foreign travel - health insurance 
13XJ.00 Planned duration of foreign travel 
9NoC.00 Seen in primary care travel clinic 
973..11 Immunisat fee-foreign travel 
67EB.00 Advice on foreign travel - diarrhoea 
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D-2. Statistical models considered for modelling recurrent events 

My decision on the choice of statistical model to use was influenced by both, appropriateness 
for modelling recurrent event and practical considerations related to the time and 
computational processing power required to run an analysis. Below are some of the approaches 
I had explored using for my analysis. 

Poisson regression for chemoprophylaxis prescription – One observation per individual 

This model is not suitable for looking at trends over time. Time varying variables (e.g age and 
calendar year) could not be included in the analysis. This is because multiple prescriptions may 
be prescribed at different time points, without being able to delineate when each individual 
prescription was made. 

Data structure: 

Patient 
ID 

Sex DOB Townsend Total 
prescriptions 

start end PYAR 

1 2 23/05/1970 1 3 14/06/2006 14/04/2015 8.5 
2 1 19/02/1989 4 0 25/03/2008 25/03/2014 6.0 
3 1 02/12/1963 5 1 01/01/2005 01/01/2014 9.0 
4 2 18/03/2001 3 0 15/03/2005 15/03/2016 11.0 

 

Stata code: 

xi:poisson totalprescription  i.sex i.towns, exposure(PYAR) irr 

Poisson regression for chemoprophylaxis prescription – One observation per prescription 

This model is not suitable for multiple prescriptions in the same individual. Variables in those 
with repeat prescriptions will be over-represented (e.g if a 45 year old man had 5 prescriptions 
in a year, the 5 events would be stratified to the same age and sex category as they occurred in 
the same individual).  

Data structure: 

Patient 
ID 

Sex DOB Townsend Prescription 
(Y/N) 

Start end PYAR _n 

1 2 23/05/1970 1 1 14/06/2006 14/06/2009 3.0 1 
1 2 23/05/1970 1 1 14/08/2009 14/08/2013 4.0 2 
1 2 23/05/1970 1 1 14/10/2013 14/04/2015 1.5 3 
2 1 19/02/1989 4 0 25/03/2008 25/03/2014 6.0 4 
3 1 02/12/1963 5 1 01/01/2005 01/01/2014 9.0 5 
4 2 18/03/2001 3 0 15/03/2005 15/03/2016 11.0 6 

 

Data are split by age category and calendar year. 

Stata code: 

xi:poisson prescription i.year i.agecat i.sex i.towns, exposure(PYAR) irr 
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Frailty model 

Another approach would be to take into account multiple prescriptions within the same 
individual. Whereas the Poisson regression model described earlier assumes a homogenous 
population to be studied (e.g. every prescription for malaria prophylaxis is independent even if 
it is prescribed within the same individual, and, that all individuals are just as likely to receive a 
prescription for malaria prophylaxis), the “frailty” model can be used to introduce random-
effects to account for heterogeneity (i.e. a person who receives multiple malaria prophylaxis 
prescriptions differs from an individual who receives one or no prescriptions in terms of risk of 
receiving another prescription). However, the lack of software development in STATA to fit the 
multi state model with a discontinuous risk interval meant that I was unable to do this (301). 

Data structure: 

Patient 
ID 

Sex DOB Townsend Prescription 
(Y/N) 

Start end PYAR _n 

1 2 23/05/1970 1 1 14/06/2006 14/06/2009 3.0 1 
1 2 23/05/1970 1 1 14/08/2009 14/08/2013 4.0 2 
1 2 23/05/1970 1 1 14/10/2013 14/04/2015 1.5 3 
2 1 19/02/1989 4 0 25/03/2008 25/03/2014 6.0 4 
3 1 02/12/1963 5 1 01/01/2005 01/01/2014 9.0 5 
4 2 18/03/2001 3 0 15/03/2005 15/03/2016 11.0 6 

 

Data is split by age category and calendar year 

Survival time settings: 

stset end, failure(prescrition) origin(DOB) enter(start) scale(365.25) 

Stata code: 

xi: streg prescription i.agecat i.townsend i.sex, d(weib) frailty(gamma) shared(Patient ID) nolog 

**Command does not run in STATA – Error that start and end dates not continuous between 
observations for the same Patient ID (due to 2 month censor period where an individual is not 
at risk and does not contribute person time). 

The Anderson-Gill model (AG-CP) 

As described in the methods section of Chapter 5, the Anderson-Gill model is an extended cox 
model used to model for recurrent multiple events within a subject, whereas traditional cox 
models are used for unique or first events within the same individual. This model uses a variance 
correction technique to avoid inflation of variables which occur within the same individual. For 
THIN data, relevant data from all practices were appended to a single file to run the analysis. 
Below is a sample of the data structure used for this analysis: 
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Data structure: 

Patient 
ID 

Sex DOB Townsend Prescription 
(Y/N) 

Start end PYAR _n 

1 2 23/05/1970 1 1 14/06/2006 14/06/2009 3.0 1 
1 2 23/05/1970 1 1 14/08/2009 14/08/2013 4.0 2 
1 2 23/05/1970 1 1 14/10/2013 14/04/2015 1.5 3 
2 1 19/02/1989 4 0 25/03/2008 25/03/2014 6.0 4 
3 1 02/12/1963 5 1 01/01/2005 01/01/2014 9.0 5 
4 2 18/03/2001 3 0 15/03/2005 15/03/2016 11.0 6 

 

Survival time settings: 

stset end, failure(prescription) origin(DOB) enter(start) id(_n) scale(365.25) 

Stata codes 

xi: stcox  i.agecat i.townsend i.sex, efron nolog cluster(Patient ID) 
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D-3. Rate of malaria chemoprophylaxis recordings in THIN by calendar year, 
sex, region and Townsend quintile, including those with missing Townsend 
scores. 

 
Number of 
individuals 

Number of 
Prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Adjusted† HR 
(95% CI) 

Atovaquone-Proguanil      
Total 151,156 194,110 65,265 2.97 - 

Year      

2005 to 2008 58,657 75,158 20,730 3.63 Reference 
2009 to 2012 59,762 77,848 23,867 3.26 0.92 (0.91-0.93) 
2013 to 2016 32,737 41,104 20,670 1.99 0.59 (0.58-0.60) 

Sex  
    

Male 71,647 93,285 31,741 2.94 Reference 
Female 79,509 100,825 33,523 3.01 1.05 (1.03-1.06) 

Region  
 

  
 

London 29,099 36,741 7,480 4.91  

East Midlands 3,658 4,619 1,362 3.39 0.51 (0.49-0.53) 
East of England 11,077 13,952 3,728 3.74 0.62 (0.61-0.64) 

North East 2,418 3,170 1,351 2.35 0.44 (0.42-0.46) 
North West 10,722 13,942 5,850 2.38 0.41 (0.40-0.42) 

Northern Ireland 3,097 4,092 2,697 1.52 0.30 (0.28-0.31) 
Scotland 10,613 13,416 8,736 1.54 0.32 (0.31-0.33) 

South Central 22,088 28,955 7,680 3.77 0.63 (0.61-0.64) 
South East Coast 21,229 27,802 7,225 3.85 0.67 (0.66-0.68) 

South West 13,040 16,797 5,910 2.84 0.47 (0.46-0.48) 
Wales 10,917 13,689 6,676 2.05 0.38 (0.37-0.39) 

West Midlands 11,057 14,286 5,303 2.69 0.47 (0.45-0.48) 
Yorkshire & Humber 2,141 2,649 1,268 2.09 0.34 (0.33-0.36) 

Townsend Quintile      
(Least Deprived) 1 49,051 64,455 14,189 4.54 Reference 

2 33,499 43,692 12,697 3.44 0.78 (0.78-0.79) 
3 26,732 33,991 12,345 2.75 0.60 (0.59-0.61) 
4 17,759 21,985 10,746 2.05 0.45 (0.44-0.46) 

(Most deprived) 5 8,703 10,520 7,300 1.44 0.32 (0.31-0.33) 
Missing 15,412 19,467 7,987 2.44 0.51 (0.50-0.52) 

Mefloquine      
Total 25,358 34,360 67,734 0.51 - 

Year      
2005 to 2008 11,247 14,692 22,333 0.66 Reference 
2009 to 2012 8,886 12,418 24,304 0.51 0.77 (0.75-0.79) 
2013 to 2016 5,225 7,250 21,097 0.34 0.56 (0.54-0.58) 

Sex      
Male 12,111 16,691 32,948 0.51 Reference 

Female 13,247 17,669 34,786 0.51 1.03 (1.00-1.07) 
Region      

London 10,076 14,087 7,687 1.83 Reference 
East Midlands 519 663 1,372 0.48 0.25 (0.23-0.28) 

East of England 1,971 2,609 3,777 0.69 0.40 (0.38-0.43) 
North East 210 281 1,362 0.21 0.11 (0.09-0.13) 

North West 1,530 2,028 5,940 0.34 0.19 (0.18-0.21) 
Northern Ireland 408 514 2,712 0.19 0.11 (0.10-0.11) 

Scotland 1,283 1,648 9,800 0.17 0.10 (0.09-0.11) 
South Central 2,266 3,065 7,986 0.38 0.24 (0.23-0.25) 

South East Coast 1,948 2,824 7,440 0.38 0.24 (0.22-0.25) 
South West 1,441 1,895 6,055 0.31 0.19 (0.18-0.20) 

Wales 1,160 1,462 6,849 0.21 0.13 (0.12-0.14) 
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West Midlands 2,184 2,821 5,479 0.51 0.30 (0.28-0.32) 
Yorkshire & Humber 362 463 1,273 0.36 0.20 (0.17-0.22) 

Townsend Quintile      
(Least Deprived) 1 4,231 5,899 14,680 0.40 Reference 

2 3,703 5,012 13,202 0.38 0.94 (0.89-1.00) 
3 4,336 5,901 12,775 0.46 1.02 (0.96-1.07) 
4 4,646 6,272 11,107 0.56 1.19 (1.13-1.26) 

(Most deprived) 5 4,730 6,387 7,523 0.85 1.72 (1.63-1.81) 
Missing 3,712 4,889 8,446 0.58 1.13 (1.07-1.20) 

Doxycycline      
Total 76,053 108,365 67,483 1.61  

Year      
2005 to 2008 24,514 34,889 22,293 1.57 Reference 
2009 to 2012 26,296 38,136 24,216 1.57 0.98 (0.97-1.00) 
2013 to 2016 25,243 35,340 20,972 1.69 0.99 (0.97-1.01) 

Sex      
Male 38,303 55,734 32,819 1.70 Reference 

Female 37,750 52,631 34,662 1.52 0.89 (0.87-0.91) 
Region      

London 9,991 13,371 7,678 1.74 Reference 
East Midlands 1,351 1,903 1,370 1.39 0.73 (0.68-0.79) 

East of England 3,200 4,263 3,772 1.13 0.61 (0.58-0.65) 
North East 1,170 1,696 1,358 1.25 0.67 (0.61-0.73) 

North West 4,913 7,043 5,924 1.19 0.63 (0.60-0.66) 
Northern Ireland 5,747 8,813 2,685 3.28 1.81 (1.72-1.90) 

Scotland 15,447 24,872 9,736 2.55 1.38 (1.32-1.42) 
South Central 7,934 10,667 7,960 1.34 0.70 (0.68-0.73) 

South East Coast 6,907 9,612 7,416 1.30 0.71 (0.68-0.74) 
South West 5,230 7,041 6,038 1.17 0.62 (0.59-0.65) 

Wales 7,788 10,470 6,816 1.54 0.84 (0.80-0.87) 
West Midlands 4,976 6,616 5,463 1.21 0.64 (0.61-0.67) 

Yorkshire & Humber 1,399 1,998 1,269 1.57 0.84 (0.77-0.91) 
Townsend Quintile      

(Least Deprived) 1 16,547 23,679 14,619 1.62 Reference 
2 15,549 22,928 13,144 1.74 0.99 (0.96-1.03) 
3 15,318 21,945 12,721 1.73 0.96 (0.93-1.00) 
4 12,893 18,014 11,067 1.63 0.94 (0.87-0.94) 

(Most deprived) 5 8,717 12,462 7,503 1.66 0.86 (0.83-0.90) 
Missing 7,029 9,337 8,428 1.11 0.61 (0.58-0.63) 

A table summarising the rate of malaria chemoprophylaxis recordings in THIN and the association between calendar 
year, sex, region, Townsend quintile and prescription rate, including those with missing Townsend quintile.  

 THIN: The Health Improvement Network. PYAR: Person Years at Risk. HR: Hazard ratio
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D-4. Rate of malaria chemoprophylaxis recording in THIN, stratified by age group, including those with missing Townsend Quintiles 
Atovaquone-Proguanil 

 
Less than 18 years (n = 21,809) 18 to 64 years (n = 150,329) 65 years and older (n = 21,972) 

Atovaquone-proguanil Prescription rate 
(95% CI) 

Adjusted† HR 
(95% CI) 

Prescription rate 
(95% CI) 

Adjusted† HR 
(95% CI) 

Prescription rate 
(95% CI) 

Adjusted† HR 
(95% CI) 

Overall 1.73 (1.70-1.75) - 3.68 (3.66-3.69) - 1.80 (1.78-1.82) - 
Year       

2005 to 2008 1.59 (1.56-1.63) Reference 4.55 (4.51-4.58) Reference 2.01 (1.97-2.06) Reference 
2009 to 2012 1.89 (1.85-1.93) 1.15 (1.11-1.18) 4.07 (4.03-4.10) 0.89 (0.88-0.90) 1.98 (1.94-2.02) 0.98 (0.95-1.01) 
2013 to 2016 1.69 (1.65-1.73) 1.05 (1.01-1.08) 2.26 (2.24-2.29) 0.52 (0.51-0.53) 1.42 (1.38-1.46) 0.74 (0.71-0.77) 

Sex       
Male 1.66 (1.63-1.69) Reference 3.52 (3.49-3.55) Reference 2.19 (2.15-2.23) Reference 

Female 1.79 (1.76-1.83) 1.09 (1.05-1.12) 3.83 (3.80-3.85) 1.08 (1.06-1.09) 1.52 (1.49-1.55) 0.81 (0.78-0.84) 
Region       

London 3.45 (3.36-3.55) Reference 5.84 (5.77-5.90) Reference 2.46 (2.37-2.56) Reference 
East Midlands 1.41 (1.27-1.55) 0.34 (0.30-0.38) 4.32 (4.18-4.46) 0.52 (0.49-0.54) 2.38 (2.19-2.58) 0.68 (0.60-0.77) 

East of England 2.15 (2.05-2.26) 0.54 (0.51-0.58) 4.78 (4.69-4.87) 0.64 (0.62-0.66) 1.99 (1.89-2.10) 0.66 (0.60-0.72) 
North East 1.51 (1.37-1.67) 0.41 (0.37-0.47) 2.88 (2.77-3.00) 0.44 (0.42-0.47) 1.42 (1.28-1.57) 0.50 (0.43-0.59) 

North West 1.25 (1.19-1.32) 0.32 (0.30-0.34) 2.96 (2.90-3.01) 0.42 (0.41-0.43) 1.62 (1.54-1.70) 0.51 (0.47-0.53) 
Northern Ireland 0.65 (0.58-0.72) 0.17 (0.15-0.19) 1.95 (1.89-2.02) 0.31 (0.30-0.33) 1.01 (0.92-1.11) 0.36 (0.32-0.42) 

Scotland 1.10 (1.05-1.15) 0.32 (0.30-0.34) 1.74 (1.71-1.77) 0.32 (0.31-0.33) 0.95 (0.91-1.00) 0.38 (0.34-0.41) 
South Central 2.28 (2.20-2.35) 0.54 (0.51-0.57) 4.83 (4.77-4.89) 0.63 (0.61-0.64) 2.22 (2.15-2.29) 0.75 (0.70-0.81) 

South East Coast 2.30 (2.22-2.38) 0.56 (0.53-0.59) 4.76 (4.70-4.83) 0.67 (0.65-0.69) 2.53 (2.44-2.61) 0.84 (0.78-0.90) 
South West 1.43 (1.36-1.50) 0.34 (0.32-0.37) 3.65 (3.59-3.72) 0.48 (0.46-0.49) 1.93 (1.86-2.01) 0.63 (0.58-0.68) 

Wales 0.85 (0.80-0.90) 0.22 (0.20-0.24) 2.68 (2.63-2.73) 0.41 (0.40-0.42) 1.31 (1.25-1.37) 0.44 (0.40-0.48) 
West Midlands 1.44 (1.37-1.51) 0.37 (0.34-0.39) 3.31 (3.25-3.37) 0.47 (0.46-0.48) 1.83 (1.75-1.92) 0.59 (0.54-0.64) 

Yorkshire & Humber 0.94 (0.83-1.06) 0.24 (0.21-0.28) 2.75 (2.64-2.87) 0.36 (0.34-0.38) 1.17 (1.03-1.31) 0.38 (0.32-0.45) 
Townsend Quintile       

(Least Deprived) 1 2.46 (2.40-2.52) Reference 5.63 (5.58-5.68) Reference 3.11 (3.05-3.18) Reference 
2 1.83 (1.77-1.88) 0.74 (0.71-0.77) 4.34 (4.29-4.38) 0.79 (0.78-0.81) 2.16 (2.11-2.22) 0.75 (0.72-0.79) 
3 1.60 (1.55-1.65) 0.62 (0.59-0.65) 3.46 (3.42-3.50) 0.62 (0.60-0.63) 1.50 (1.45-1.55) 0.52 (0.49-0.55) 
4 1.30 (1.25-1.35) 0.51 (0.48-0.53) 2.57 (2.53-2.61) 0.46 (0.45-0.47) 0.87 (0.83-0.91) 0.32 (0.29-0.34) 

(Most deprived) 5 1.20 (1.14-1.25) 0.48 (0.45-0.51) 1.70 (1.67-1.74) 0.32 (0.31-0.33) 0.58 (0.54-0.63) 0.21 (0.19-0.23) 
Missing 1.61 (1.55-1.67) 0.59 (0.56-0.63) 3.02 (2.97-3.06) 0.52 (0.50-0.53) 1.16 (1.11-1.22) 0.43 (0.40-0.46) 
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Mefloquine 
 

 
Less than 18 years (n = 7,686) 18 to 64 years (n = 23,466) 65 years and older (n = 3,208) 

Mefloquine 
Prescription rate 

(95% CI) 
Adjusted† HR 

(95% CI) 
Prescription rate 

(95% CI) 
Adjusted† HR 

(95% CI) 
Prescription rate 

(95% CI) 
Adjusted† HR 

(95% CI) 
Overall 0.60 (0.58-0.61) - 0.56 (0.55-0.56) - 0.26 (0.25-0.26) - 

Year       
2005 to 2008 0.57 (0.55-0.59) Reference 0.77 (0.75-0.78) Reference 0.36 (0.34-0.38) Reference 
2009 to 2012 0.68 (0.66-0.71) 1.15 (1.09-1.21) 0.54 (0.52-0.55) 0.69 (0.67-0.71) 0.25 (0.24-0.26) 0.70 (0.64-0.76) 
2013 to 2016 0.52 (0.50-0.54) 0.94 (0.88-1.00) 0.35 (0.34-0.36) 0.48 (0.46-0.50) 0.17 (0.15-0.18) 0.49 (0.44-0.56) 

Sex       
Male 0.59 (0.57-0.61) Reference 0.53 (0.52-0.54) Reference 0.33 (0.31-0.34) Reference 

Female 0.60 (0.59-0.62) 1.02 (0.96-1.08) 0.58 (0.57-0.59) 1.09 (1.05-1.13) 0.20 (0.19-0.21) 0.72 (0.63-0.81) 
Region       

London 2.78 (2.69-2.87) Reference 1.78 (1.74-1.82) Reference 0.85 (0.80-0.91) Reference 
East Midlands 0.35 (0.29-0.43) 0.16 (0.13-0.20) 0.56 (0.52-0.62) 0.28 (0.25-0.31) 0.35 (0.28-0.43) 0.32 (0.22-0.47) 

East of England 0.91 (0.84-0.98) 0.41 (0.37-0.46) 0.75 (0.72-0.79) 0.42 (0.39-0.45) 0.27 (0.24-0.31) 0.31 (0.24-0.40) 
North East 0.11 (0.07-0.15) 0.04 (0.03-0.06) 0.27 (0.24-0.31) 0.14 (0.12-0.17) 0.10 (0.07-0.15) 0.10 (0.06-0.17) 

North West 0.24 (0.22-0.27) 0.10 (0.09-0.12) 0.40 (0.38-0.42) 0.22 (0.21-0.24) 0.24 (0.22-0.27) 0.25 (0.18-0.34) 
Northern Ireland 0.07 (0.05-0.10) 0.03 (0.02-0.04) 0.25 (0.23-0.28) 0.15 (0.13-0.17) 0.10 (0.08-0.14) 0.11 (0.08-0.18) 

Scotland 0.15 (0.14-0.17) 0.06 (0.05-0.07) 0.19 (0.18-0.20) 0.11 (0.10-0.13) 0.10 (0.08-0.11) 0.11 (0.08-0.14) 
South Central 0.39 (0.36-0.42) 0.20 (0.18-0.22) 0.44 (0.42-0.46) 0.26 (0.24-0.28) 0.21 (0.19-0.24) 0.26 (0.21-0.32) 

South East Coast 0.36 (0.34-0.40) 0.17 (0.15-0.20) 0.43 (0.41-0.45) 0.26 (0.24-0.28) 0.23 (0.20-0.25) 0.28 (0.22-0.34) 
South West 0.19 (0.16-0.21) 0.09 (0.08-0.11) 0.39 (0.37-0.41) 0.22 (0.20-0.24) 0.21 (0.19-0.24) 0.24 (0.20-0.29) 

Wales 0.13 (0.12-0.16) 0.06 (0.05-0.07) 0.26 (0.24-0.27) 0.16 (0.14-0.17) 0.14 (0.12-0.16) 0.16 (0.12-0.21) 
West Midlands 0.71 (0.66-0.77) 0.30 (0.27-0.33) 0.52 (0.50-0.55) 0.29 (0.27-0.32) 0.29 (0.26-0.32) 0.32 (0.24-0.42) 

Yorkshire & Humber 0.23 (0.18-0.29) 0.10 (0.08-0.14) 0.47 (0.42-0.52) 0.24 (0.21-0.28) 0.17 (0.12-0.23) 0.17 (0.11-0.25) 
Townsend Quintile       

(Least Deprived) 1 0.27 (0.25-0.29) Reference 0.48 (0.46-0.49) Reference 0.29 (0.27-0.31) Reference 
2 0.28 (0.26-0.30) 0.98 (0.86-1.12) 0.46 (0.44-0.47) 0.94 (0.88-1.00) 0.24 (0.23-0.26) 0.90 (0.75-1.08) 
3 0.47 (0.44-0.49) 1.42 (1.25-1.60) 0.52 (0.50-0.54) 0.98 (0.92-1.04) 0.26 (0.24-0.28) 0.88 (0.72-1.07) 
4 0.73 (0.70-0.77) 2.10 (1.87-2.35) 0.62 (0.60-0.63) 1.12 (1.06-1.20) 0.19 (0.17-0.21) 0.65 (0.53-0.80) 

(Most deprived) 5 1.35 (1.30-1.41) 3.78 (3.38-4.23) 0.79 (0.77-0.82) 1.41 (1.33-1.50) 0.39 (0.35-0.42) 1.27 (1.04-1.55) 
Missing 0.90 (0.85-0.94) 2.40 (2.13-2.70) 0.59 (0.57-0.61) 0.98 (0.92-1.05) 0.20 (0.18-0.23) 0.67 (0.55-0.82) 

 



251 
 

Doxycycline 
 

Less than 18 years (n = 4,537) 18 to 64 years (n = 81,888) 65 years and older (n = 21,940) 

Doxycycline Prescription rate 
(95% CI) 

Adjusted† HR 
(95% CI) 

Prescription rate 
(95% CI) 

Adjusted† HR 
(95% CI) 

Prescription rate 
(95% CI) 

Adjusted† HR 
(95% CI) 

Overall 0.35 (0.34-0.36) - 1.95 (1.93-1.96) - 1.76 (1.73-1.78) - 
Year       

2005 to 2008 0.39 (0.37-0.41) Reference 1.98 (1.95-2.00) Reference 1.40 (1.36-1.44) Reference 
2009 to 2012 0.34 (0.32-0.35) 0.82 (0.74-0.90) 1.93 (1.90-1.95) 0.96 (0.94-0.98) 1.66 (1.62-1.70) 1.19 (1.13-1.24) 
2013 to 2016 0.33 (0.31-0.35) 0.69 (0.62-0.77) 1.94 (1.91-1.96) 0.91 (0.89-0.93) 2.20 (2.15-2.24) 1.48 (1.40-1.56) 

Sex       
Male 0.36 (0.34-0.37) Reference 2.00 (1.98-2.02) Reference 2.19 (2.15-2.23) Reference 

Female 0.34 (0.33-0.36) 0.99 (0.91-1.08) 1.89 (1.87-1.91) 0.95 (0.92-0.97) 1.43 (1.40-1.46) 0.70 (0.67-0.74) 
Region       

London 0.36 (0.34-0.40) Reference 2.11 (2.07-2.15) Reference 1.82 (1.75-1.90) Reference 
East Midlands 0.21 (0.16-0.27) 0.42 (0.31-0.56) 1.67 (1.59-1.76) 0.71 (0.65-0.78) 1.74 (1.58-1.92) 0.94 (0.78-1.14) 

East of England 0.17 (0.14-0.20) 0.40 (0.32-0.51) 1.46 (1.41-1.51) 0.64 (0.60-0.68) 1.06 (0.98-1.13) 0.57 (0.49-0.66) 
North East 0.17 (0.13-0.23) 0.39 (0.26-0.57) 1.60 (1.51-1.68) 0.70 (0.63-0.78) 1.22 (1.09-1.36) 0.62 (0.51-0.75) 

North West 0.20 (0.15-0.20) 0.39 (0.32-0.48) 1.45 (1.41-1.49) 0.63 (0.60-0.67) 1.38 (1.31-1.45) 0.67 (0.60-0.76) 
Northern Ireland 0.88 (0.80-0.96) 2.12 (1.76-2.56) 3.79 (3.70-3.89) 1.70 (1.61-1.80) 4.43 (4.24-4.63) 2.17 (1.93-2.44) 

Scotland 0.87 (0.83-0.91) 2.11 (1.84-2.42) 2.92 (2.88-2.97) 1.31 (1.26-1.37) 3.05 (2.96-3.13) 1.49 (1.35-1.65) 
South Central 0.24 (0.21-0.26) 0.53 (0.44-0.63) 1.65 (1.61-1.69) 0.71 (0.68-0.74) 1.40 (1.34-1.46) 0.74 (0.66-0.83) 

South East Coast 0.26 (0.23-0.29) 0.64 (0.53-0.76) 1.57 (1.53-1.61) 0.70 (0.67-0.73) 1.49 (1.42-1.55) 0.78 (0.69-0.88) 
South West 0.19 (0.17-0.22) 0.41 (0.34-0.50) 1.45 (1.41-1.49) 0.63 (0.60-0.66) 1.23 (1.17-1.29) 0.65 (0.60-0.74) 

Wales 0.21 (0.19-0.24) 0.53 (0.44-0.64) 1.90 (1.86-1.95) 0.86 (0.82-0.90) 1.62 (1.55-1.70) 0.83 (0.74-0.92) 
West Midlands 0.21 (0.19-0.24) 0.51 (0.41-0.63) 1.54 (1.50-1.58) 0.67 (0.64-0.71) 1.14 (1.07-1.21) 0.56 (0.50-0.64) 

Yorkshire & Humber 0.19 (0.14-0.25) 0.39 (0.28-0.55) 2.00 (1.91-2.11) 0.86 (0.79-0.93) 1.71 (1.55-1.89) 0.91 (0.72-1.14) 
Townsend Quintile       

(Least Deprived) 1 0.30 (0.28-0.32) Reference 1.95 (1.93-1.98) Reference 1.84 (1.79-1.89) Reference 
2 0.43 (0.40-0.46) 1.19 (1.04-1.34) 2.10 (2.07-2.13) 1.00 (0.96-1.04) 1.85 (1.80-1.90) 0.94 (0.88-1.02) 
3 0.42 (0.40-0.45) 1.14 (1.00-1.31) 2.07 (2.04-2.10) 0.97 (0.93-1.00) 1.91 (1.86-1.97) 0.94 (0.86-1.01) 
4 0.34 (0.31-0.36) 0.93 (0.80-1.07) 1.98 (1.94-2.01) 0.91 (0.88-0.95) 1.82 (1.76-1.88) 0.89 (0.82-0.97) 

(Most deprived) 5 0.35 (0.32-0.38) 0.83 (0.71-0.96) 2.00 (1.96-2.04) 0.86 (0.82-0.90) 2.05 (1.97-2.14) 0.91 (0.83-1.01) 
Missing 0.24 (0.22-0.26) 0.68 (0.58-0.80) 1.43 (1.40-1.47) 0.67 (0.64-0.69) 0.89 (0.84-0.94) 0.44 (0.40-0.49) 
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D-5. Number of malaria chemoprophylaxis recordings in THIN by age group 
 Less than 18 years 18 to 64 years 65 years and older 

Atovaquone-proguanil Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Overall 16,484 19,645 11,275 1.74 106,939 137,895 36,572 3.77 14,467 20,719 10,953 1.89 
Year             

2005 to 2008 5,314 6,302 3,870 1.63 45,209 58,008 12,438 4.66 5,436 7,332 3,475 2.11 
2009 to 2012 6,532 7,728 4,041 1.91 41,889 54,771 13,154 4.16 5,490 8,168 3,928 2.08 
2013 to 2016 5,002 5,615 3,364 1.67 19,841 25,116 10,979 2.29 3,541 5,219 3,550 1.47 

Sex             

Male 8,332 9,717 5,826 1.67 49,840 65,367 18,127 3.61 7,492 10,780 4,700 2.29 
Female 8,516 9,928 5,449 1.82 57,099 72,528 18,445 3.93 6,975 9,939 6,253 1.59 

Region             

London 3,270 3,897 1,174 3.32 18,065 22,886 4,018 5.70 1,511 2,134 886 2.41 
East Midlands 335 364 253 1.44 2,690 3,443 781 4.41 411 555 227 2.45 

East of England 1,202 1,411 638 2.21 7,929 10,071 2,028 4.97 956 1,298 621 2.09 
North East 331 386 243 1.59 1,774 2,346 781 3.00 239 344 232 1.48 

North West 1,174 1,382 1,075 1.29 8,051 10,444 3,420 3.05 1,138 1,692 1,014 1.67 
Northern Ireland 301 355 497 0.71 2,316 3,069 1,498 2.05 295 440 404 1.09 

Scotland 1,600 1,810 1,600 1.13 7,580 9,873 5,398 1.83 1,173 1,615 1,532 1.05 
South Central 2,604 3,082 1,292 2.39 16,847 22,116 4,309 5.13 2,525 3,693 1,506 2.45 

South East Coast 2,486 2,865 1,257 2.28 14,133 18,468 3,826 4.83 2,051 2,993 1,221 2.45 
South West 1,339 1,535 1,020 1.50 9,864 12,732 3,221 3.95 1,718 2,428 1,128 2.15 

Wales 818 934 1,023 0.91 7,698 9,679 3,427 2.82 1,032 1,451 1,010 1.44 
West Midlands 1,175 1,379 963 1.43 8,346 10,719 3,145 3.41 1,217 1,813 959 1.89 

Yorkshire & Humber 213 245 239 1.02 1,646 2,049 720 2.85 201 263 214 1.23 
Townsend Score             

(Least Deprived) 1 5,665 6,713 2,733 2.46 37,815 49,830 8,852 5.63 6,312 9,008 2,894 3.11 
2 3,761 4,353 2,384 1.83 26,337 34,405 7,931 4.34 4,100 5,959 2,758 2.16 
3 3,336 3,896 2,436 1.60 21,510 27,433 7,937 3.46 2,426 3,467 2,310 1.50 
4 2,437 2,819 2,165 1.30 14,487 17,948 6,986 2.57 1,172 1,655 1,904 0.87 

(Most deprived) 5 1,649 1,864 1,557 1.20 6,790 8,279 4,865 1.70 457 630 1,087 0.58 
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 Less than 18 years 18 to 64 years 65 years and older 

Mefloquine Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Overall 4,983 6,241 11,301 0.55 14,970 20,326 36,944 0.55 1,693 2,904 11,041 0.26 
Year             

2005 to 2008 1,726 2,106 3,873 0.54 7,447 9,716 12,494 0.78 861 1,307 3,483 0.38 
2009 to 2012 1,963 2,515 4,052 0.62 4,933 6,955 13,313 0.52 509 996 3,965 0.25 
2013 to 2016 1,294 1,620 3,377 0.48 2,590 3,655 11,138 0.33 323 602 3,597 0.17 

Sex             

Male 2,532 3,146 5,839 0.54 6,914 9,609 18,307 0.52 920 1,603 4,744 0.34 
Female 2,451 3,095 5,462 0.57 8,056 10,717 18,637 0.58 773 1,301 6,297 0.21 

Region             

London 2,547 3,237 1,176 2.75 5,034 7,257 4,069 1.78 422 762 894 0.85 
East Midlands 75 91 253 0.36 350 450 788 0.57 58 84 228 0.37 

East of England 437 594 640 0.93 1,233 1,587 2,055 0.77 108 173 627 0.28 
North East 24 28 244 0.11 163 222 788 0.28 18 26 233 0.11 

North West 208 258 1,078 0.24 1,106 1,414 3,449 0.41 125 254 1,021 0.25 
Northern Ireland 35 36 498 0.07 303 385 1,507 0.26 28 43 406 0.11 

Scotland 209 240 1,602 0.15 854 1,120 5,426 0.21 111 166 1,566 0.11 
South Central 392 478 1,297 0.37 1,505 2,025 4,372 0.46 209 364 1,522 0.24 

South East Coast 304 399 1,262 0.32 1,202 1,674 3,882 0.43 151 280 1,235 0.23 
South West 172 204 1,023 0.20 1,041 1,369 3,256 0.42 189 271 1,138 0.24 

Wales 116 132 1,025 0.13 745 953 3,458 0.28 96 159 1,018 0.16 
West Midlands 417 488 965 0.51 1,169 1,522 3,173 0.48 148 284 966 0.29 

Yorkshire & Humber 47 56 240 0.23 265 348 723 0.48 30 38 214 0.18 
Townsend Score             

(Least Deprived) 1 550 738 2,745 0.27 3,174 4,310 9,000 0.48 507 851 2,935 0.29 
2 544 667 2,391 0.28 2,754 3,664 8,028 0.46 405 681 2,783 0.24 
3 925 1,139 2,442 0.47 3,089 4,166 8,009 0.52 322 596 2,324 0.26 
4 1,290 1,591 2,168 0.73 3,137 4,325 7,028 0.62 219 356 1,911 0.19 

(Most deprived) 5 1,674 2,106 1,556 1.35 2,816 3,861 4,879 0.79 240 420 1,088 0.39 
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 Less than 18 years 18 to 64 years 65 years and older 

Doxycycline Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Number of 
individuals 

Number of 
prescriptions 

PYAR 
(1,000) 

Prescription 
rate 

Overall 3,019 4,151 11,312 0.37 53,357 74,276 36,757 2.02 12,648 20,601 10,985 1.88 
Year             

2005 to 2008 1,091 1,551 3,874 0.40 18,353 25,556 12,465 2.05 3,112 5,123 3,475 1.47 
2009 to 2012 1,051 1,450 4,056 0.36 18,717 26,531 13,246 2.00 4,157 6,966 3,942 1.77 
2013 to 2016 877 1,150 3,382 0.34 16,287 22,189 11,047 2.01 5,379 8,512 3,567 2.39 

Sex             

Male 1,543 2,200 5,845 0.38 26,653 37,826 18,212 2.08 6,686 11,132 4,714 2.36 
Female 1,476 1,951 5,467 0.36 26,704 36,450 18,546 1.97 5,962 9,469 6,270 1.51 

Region             

London 353 437 1,183 0.37 6,585 8,641 4,058 2.13 1,019 1,612 890 1.81 
East Midlands 46 51 253 0.20 1,009 1,388 786 1.77 250 417 227 1.83 

East of England 103 117 642 0.18 2,359 3,039 2,050 1.48 420 677 625 1.08 
North East 38 43 244 0.18 901 1,312 784 1.67 197 290 232 1.25 

North West 152 176 1,078 0.16 3,583 5,104 3,437 1.49 922 1,446 1,017 1.42 
Northern Ireland 290 466 498 0.94 3,907 5,927 1,488 3.98 1,172 1,896 400 4.74 

Scotland 954 1,497 1,601 0.93 10,433 16,624 5,380 3.09 2,948 5,116 1,568 3.26 
South Central 271 333 1,298 0.26 5,883 7,566 4,351 1.74 1,446 2,367 1,516 1.56 

South East Coast 239 321 1,262 0.25 4,695 6,300 3,864 1.63 1,146 1,932 1,230 1.57 
South West 178 218 1,023 0.21 3,905 5,085 3,244 1.57 996 1,542 1,134 1.36 

Wales 192 236 1,025 0.23 5,185 6,778 3,436 1.97 1,129 1,789 1,012 1.77 
West Midlands 163 207 966 0.21 3,821 5,040 3,159 1.60 798 1,135 962 1.18 

Yorkshire & Humber 40 49 240 0.20 1,091 1,472 720 2.05 205 382 213 1.79 
Townsend Score             

(Least Deprived) 1 629 821 2,745 0.30 12,604 17,499 8,954 1.95 3,324 5,359 2,920 1.84 
2 695 1,025 2,392 0.43 11,708 16,772 7,984 2.10 3,144 5,131 2,769 1.85 
3 752 1,035 2,443 0.42 11,910 16,484 7,966 2.07 2,644 4,426 2,312 1.91 
4 527 731 2,171 0.34 10,230 13,818 6,994 1.98 2,136 3,465 1,902 1.82 

(Most deprived) 5 416 539 1,561 0.35 6,905 9,703 4,859 2.00 1,400 2,220 1,083 2.05 
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D-6. Pre-travel consultation rate in THIN between 2005 and 2016, by sex  
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Appendix E. Supplementary material for Chapter 6 

E-1. A table summarising the codes used to categorise the consultation type. 
 

Type of Consultation Description 

THIN 
identifier 
(Locate 
code) 

Face to face consultations  
Surgery hour consultation   

 Clinic A 
 Surgery consultation I 
 Follow-up/routine visit C 
 Acute visit K 
 Emergency Consultation R 
Surgery hour visit   
 Home Visit X 
 Hotel Visit (may for temporary patient) i 
 Nursing Home Visit j 
 Residential Home Visit k 
 Twilight Visit l 
Out-of-hour consultation   
 Out of hours, Practice *G 
 Co-op Surgery Consultation d 
 Walk-in Centre Z 
Out-of-hour visit                      
 Co-op Home Visit m 
 Night Visit c 
 Out of hours, Non Practice *H 
 Night visit, Deputising service B 

 
Night visit, Local rota (replaced by co-op 
after 1997) D 

 Night visit , practice F 
Telephone consultations 
 Telephone call from a patient J 
 Telephone call to a patient U 
 Triage u 
 Telephone Consultation g 
 Co-op Telephone advice f 
 NHS Direct Report o 
Mail consultations    
 Mail from patient E 
 Mail to patient Q 
Secondary care 
 Casualty Attendance T 
 Hospital Admission W 
 Letter from Outpatients M 
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Others: unclassified/administration related 
 Discharge details L 
 Repeat Issue N 
 Other O 
 Results recording P 
 Administration S 
 Third Party Consultation V 
 Children's Home Visit h 
 Day Case Report Y 
 GOS18 Report n 
 Minor Injury Service a 
 Medicine Management 1 
 Community Clinic b 
 Community Nursing Note p 
 Community Nursing Report q 
 Data Transferred from other system 2 
 Health Authority Entry e 
 Health Visitor Note r 
 Health Visitor Report s 
 Hospital Inpatient Report 3 
 Initial Post Discharge Review 9 
 Laboratory Request 4 
 Radiology Request 5 
 Radiology Result 6 
 Referral Letter 7 
 Social Services Report t 
 Template Entry 8 
 GP to GP communication transaction w 
 Non-consultation medication data v 
 Non-consultation data x 
 Null record 00 
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E-2. Mean number of consultations per week in the 56 weeks preceding a diagnosis of malaria 

 

Number of consultations per week in the 56 weeks preceding a diagnosis of malaria in the cases included in the study (excluding pre-travel consultations).  Green line represents the mean number of 
consultations between weeks 5 and 56.  Error bars represent the Standard deviation 
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E-3. Analysis including pre-travel consultations 

Adjusted Incidence rate ratios (IRR) for excess consultations (i.e. excluding the consultation 
where malaria is recorded) during the case period overall, and stratified by sex; age group; 
Townsend Score; and UK region of the GP where the patient is registered. 

  Control period Case period 

 
n 

Total 
consultations 

Total 
consultations 

NBM IRR (95% 
CI) P value 

Total cases 1,044 383 1,131 2.94 (2.50-3.45)  

Sex      

Male 596 193 596 
3.20 (2.56-4.02) 

0.329 

Female 448 190 535 2.72 (2.16-3.42) 

Age groupⁱ      

Less than 20 
years 116 24 106 

4.15 (2.37-7.27) 

0.279 

20 to 30 years 176 46 187 4.11 (2.65-6.37) 

30 to 40 years 217 52 203 3.78 (2.55-5.61) 

40 to 50 years 235 99 259 2.62 (1.89-3.63) 

50 to 60 years 159 66 173 2.61 (1.78-3.83) 

60 to 70 years 95 63 125 1.99 (1.30-3.05) 

Greater than 70 
years 46 33 78 

2.23 (1.23-4.06) 

Townsend      

1 168 57 210 3.76 (2.51-5.62) 

0.725 

2 164 69 187 2.63 (1.76-3.92) 

3 201 80 201 2.46 (1.74-3.50) 

4 240 78 234 2.93 (2.07-4.14) 

5 152 58 194 3.37 (2.20-5.15) 

Missing 119 41 105 2.62 (1.63-4.20) 

Region      

London 319 133 278 2.04 (1.57-2.65) 
0.002* 

Rest of UK 725 250 853 3.42 (2.80-4.17) 

P values presented from Cochran Q test for heterogeneity in IRR’s for excess consultations in the case period 
between different strata. An asterisk (*) indicates a statistically significant result. IRR’s were adjusted for time 
varying confounders only (age and calendar year). Pre-travel consultations are included in this analysis. NBM: 
Negative binomial.   
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E-4. Read code list used to identify malaria related symptoms 
 

Arthralgia - AHDRecs 
medcode Description 
N094.00 Pain in joint - arthralgia 
N094000 Arthralgia of unspecified site 
N094211 Elbow joint pain 
N094311 Wrist joint pain 
N094500 Arthralgia of the pelvic region and thigh 
N094512 Hip joint pain 
N094600 Arthralgia of the lower leg 
N094611 Knee joint pain 
N094700 Arthralgia of the ankle and foot 
N094711 Ankle joint pain 
N094900 Arthralgia of multiple joints 
N094D00 Arthralgia of elbow 
N094F00 Arthralgia of wrist 
N094M00 Arthralgia of knee 
N09y500 Other specified joint disorders of pelvic region and thigh 
S5...00 Sprains and strains of joints and adjacent muscles 

 

Arthralgia - MedRecs 
medcode Description 
1M02.00 Shoulder joint painful on movement 
1M03.00 Shoulder joint painful on external rotation 
2H45.00 O/E - joint movement painful 
N09..00 Other and unspecified joint disorders 
N094.00 Pain in joint - arthralgia 
N094.11 Ache in joint 
N094000 Arthralgia of unspecified site 
N094100 Arthralgia of the shoulder region 
N094111 Shoulder joint pain 
N094200 Arthralgia of the upper arm 
N094211 Elbow joint pain 
N094300 Arthralgia of the forearm 
N094311 Wrist joint pain 
N094400 Arthralgia of the hand 
N094411 Hand joint pain 
N094500 Arthralgia of the pelvic region and thigh 
N094512 Hip joint pain 
N094600 Arthralgia of the lower leg 
N094611 Knee joint pain 
N094700 Arthralgia of the ankle and foot 
N094711 Ankle joint pain 
N094800 Arthralgia of other specified site 
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N094900 Arthralgia of multiple joints 
N094A00 Arthralgia of shoulder 
N094B00 Arthralgia of sternoclavicular joint 
N094C00 Arthralgia of acromioclavicular joint 
N094D00 Arthralgia of elbow 
N094D11 Elbow joint pain 
N094E00 Arthralgia of distal radio-ulnar joint 
N094F00 Arthralgia of wrist 
N094G00 Arthralgia of MCP joint 
N094H00 Arthralgia of PIP joint of finger 
N094J00 Arthralgia of DIP joint of finger 
N094K00 Arthralgia of hip 
N094L00 Arthralgia of sacro-iliac joint 
N094M00 Arthralgia of knee 
N094N00 Arthralgia of tibio-fibular joint 
N094P00 Arthralgia of ankle 
N094Q00 Arthralgia of subtalar joint 
N094R00 Arthralgia of talonavicular joint 
N094S00 Arthralgia of other tarsal joint 
N094T00 Arthralgia of 1st MTP joint 
N094U00 Arthralgia of lesser MTP joint 
N094V00 Arthralgia of IP joint of toe 
N094z00 Arthralgia NOS 
N096.12 Musculoskeletal pain - joints 
N09y.00 Other specified joint disorders 
N09y000 Other specified joint disorders of unspecified site 
N09y100 Other specified joint disorders of the shoulder region 
N09y200 Other specified joint disorders of the upper arm 
N09y300 Other specified joint disorders of the forearm 
N09y400 Other specified joint disorders of the hand 
N09y500 Other specified joint disorders of pelvic region and thigh 
N09y600 Other specified joint disorders of the lower leg 
N09y700 Other specified joint disorders of the ankle and foot 
N09y800 Other specified joint disorders of other specified site 
N09y900 Other specified joint disorders of multiple sites 
N09yz00 Other specified joint disorders NOS 
N09z.00 Joint disorders NOS 
N09z000 Joint disorder NOS, of unspecified site 
N09z100 Joint disorder NOS, of shoulder region 
N09z200 Joint disorder NOS, of the upper arm 
N09z300 Joint disorder NOS, of the forearm 
N09z400 Joint disorder NOS, of the hand 
N09z500 Joint disorder NOS, of the pelvic region and thigh 
N09z600 Joint disorder NOS, of the lower leg 
N09z700 Joint disorder NOS, of ankle and foot 
N09z800 Joint disorder NOS, of other specified site 
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N09z900 Joint disorder NOS, of multiple sites 
N09zz00 Joint disorders NOS 
Nyu3.00 [X]Other joint disorders 
Nyu3D00 [X]Other specified joint disorders 
S5...00 Sprains and strains of joints and adjacent muscles 
Syu0600 [X]Sprain/strain of joint/ligam of oth & unsp part of head 
Syu1800 [X]Sprain/strain of joint/ligam of oth & unsp part of neck 
SyuB300 [X]Dislocat/sprain/strain unsp joint/ligam leg, level unsp 
SyuBK00 [X]Disl'n sprain/strain unsp joint&ligamt upr limb lvl unsp 

 

Cough – AHDRecs 
medcode Description 
171..00 Cough 
171..11 C/O - cough 
1712 Dry cough 
1713 Productive cough -clear sputum 
1714 Productive cough -green sputum 
1715 Productive cough-yellow sputum 
1716 Productive cough NOS 
1716.11 Coughing up phlegm 
1717 Night cough present 
1719 Chesty cough 
1719.11 Bronchial cough 
171A.00 Chronic cough 
171B.00 Persistent cough 
171C.00 Morning cough 
171Z.00 Cough symptom NOS 
173B.00 Nocturnal cough / wheeze 
1D87.00 Cough aggravates symptom 
4I2G.00 Cough swab 
H310100 Smokers' cough 
R062.00 [D]Cough 

 

Cough - MedRecs 
medcode Description 
171..00 Cough 
171..11 C/O - cough 
1712 Dry cough 
1713 Productive cough -clear sputum 
1714 Productive cough -green sputum 
1715 Productive cough-yellow sputum 
1716 Productive cough NOS 
1716.11 Coughing up phlegm 
1717 Night cough present 
1719 Chesty cough 
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1719.11 Bronchial cough 
171A.00 Chronic cough 
171B.00 Persistent cough 
171C.00 Morning cough 
171D.00 Evening cough 
171E.00 Unexplained cough 
171F.00 Cough with fever 
171G.00 Bovine cough 
171H.00 Difficulty in coughing up sputum 
171J.00 Reflux cough 
171K.00 Barking cough 
171Z.00 Cough symptom NOS 
173B.00 Nocturnal cough / wheeze 
1D87.00 Cough aggravates symptom 
4I2G.00 Cough swab 
H310100 Smokers' cough 
R062.00 [D]Cough 
R062000 [D]Cough syncope 
R062100 [D]Episodic dry cough 
R063000 [D]Cough with haemorrhage 

 

Diarrhoea - AHDRecs 
medcode Description 
19EA.00 Change in bowel habit 
19F..00 Diarrhoea symptoms 
19F..11 Diarrhoea 
19F..12 Loose stools 
19F2.00 Diarrhoea 
19F4.00 Toddlers diarrhoea 
19FZ.00 Diarrhoea symptom NOS 
19FZ.11 Diarrhoea & vomiting, symptom 
19G..00 Diarrhoea and vomiting 
A076.11 Viral diarrhoea 
A082.00 Infectious diarrhoea 
A082000 Dysenteric diarrhoea 
A082z00 Infectious diarrhoea NOS 
A083.00 Diarrhoea of presumed infectious origin 
A083.11 Diarrhoea & vomiting -? infect 
E264300 Psychogenic diarrhoea 
J4...13 Noninfective diarrhoea 
J432.11 Allergic diarrhoea 
J43z.11 Chronic diarrhoea 
J52z.11 Bowel dysfunction 
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Diarrhoea - MedRecs 
medcode Description 
19EA.00 Change in bowel habit 
19EA.11 Altered bowel habit 
19F..00 Diarrhoea symptoms 
19F..11 Diarrhoea 
19F..12 Loose stools 
19F2.00 Diarrhoea 
19F3.00 Spurious (overflow) diarrhoea 
19F4.00 Toddlers diarrhoea 
19FZ.00 Diarrhoea symptom NOS 
19FZ.11 Diarrhoea & vomiting, symptom 
19G..00 Diarrhoea and vomiting 
2AF3.00 O/E -defaec.ref-spurious diar. 
A076.11 Viral diarrhoea 
A082.00 Infectious diarrhoea 
A082.11 Travellers' diarrhoea 
A082000 Dysenteric diarrhoea 
A082100 Epidemic diarrhoea 
A082z00 Infectious diarrhoea NOS 
A083.00 Diarrhoea of presumed infectious origin 
A083.11 Diarrhoea & vomiting -? infect 
Ayu0H00 [X]Diarrhoea+gastroenteritis of presumed infectious origin 
E264300 Psychogenic diarrhoea 
E264311 Spurious diarrhoea 
Eu45317 [X]Psychogenic diarrhoea 
J4...13 Noninfective diarrhoea 
J432.11 Allergic diarrhoea 
J433.11 Dietetic diarrhoea 
J43z.11 Chronic diarrhoea 
J4z..11 Presumed noninfectious diarrhoea 
J4zz.11 Diarrhoea - presumed non-infectious 
J525.00 Functional diarrhoea 
J52z.11 Bowel dysfunction 
Q46y100 Neonatal diarrhoea 
R077100 [D] Stools loose 
R078.00 [D]Change in bowel habit 

 

Fatigue - AHDRecs 
medcode Description 
168..12 Lethargy - symptom 
1682 Fatigue 
1683 Tired all the time 
1683.11 C/O - "tired all the time" 
1684.11 C/O - debility - malaise 
1688 Exhaustion 
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1B3..12 Weakness symptoms 
1B32.00 Weakness present 
E205.11 Nervous exhaustion 
F286.14 Post-viral fatigue syndrome 
R007000 [D]Malaise 
R007100 [D]Fatigue 
R007211 [D]General weakness 
R007300 [D]Lethargy 
R007500 [D]Tiredness 
R204.00 [D]Senile exhaustion 

 

Fatigue - MedRecs 
medcode Description 
168..00 Tiredness symptom 
168..11 Fatigue - symptom 
168..12 Lethargy - symptom 
168..13 Malaise - symptom 
1682 Fatigue 
1683 Tired all the time 
1683.11 C/O - "tired all the time" 
1684 Malaise/lethargy 
1684.11 C/O - debility - malaise 
1688 Exhaustion 
168Z.00 Tiredness symptom NOS 
1B3..12 Weakness symptoms 
1B32.00 Weakness present 
2832.12 O/E - weakness 
A4zy300 Encephalitis lethargica 
E205.11 Nervous exhaustion 
E205.12 Tired all the time 
Eu46011 [X]Fatigue syndrome 
F286.12 Postviral fatigue syndrome 
F286.13 PVFS - Postviral fatigue syn 
F286.14 Post-viral fatigue syndrome 
L168.00 Fatigue during pregnancy 
L168000 Fatigue during pregnancy unspecified 
L168100 Fatigue during pregnancy - delivered 
L168300 Fatigue during pregnancy - not delivered 
L168400 Fatigue during pregnancy with postnatal complication 
L168z00 Fatigue during pregnancy NOS 
L39y500 Maternal exhaustion 
R007.00 [D]Malaise and fatigue 
R007000 [D]Malaise 
R007100 [D]Fatigue 
R007211 [D]General weakness 
R007300 [D]Lethargy 
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R007500 [D]Tiredness 
R007z00 [D]Malaise and fatigue NOS 
R204.00 [D]Senile exhaustion 

 

Fever – AHDRecs 
medcode Description 
165..00 Temperature symptoms 
165..11 Fever symptoms 
1652 Feels hot/feverish 
166..00 Sweating symptom 
1662 Excessive sweating 
1662.12 Night sweats 
2827 O/E - febrile convulsion 
2E34.00 O/E - temperature elevated 
2E35.00 O/E - hyperpyrexia-> 40.5 oCEL 
2E45.00 O/E - fever - intermittent 
A010.11 Enteric fever 
L42z.00 Puerperal pyrexia NOS 
R003000 [D]Convulsions, febrile 
R006.00 [D]Pyrexia of unknown origin 
R006.11 [D]Fever of unknown origin 
R006100 [D]Hyperpyrexia NOS 
R006200 [D]Fever NOS 
R006z00 [D]Pyrexia of unknown origin NOS 
R008100 [D]Excessive sweating 
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Fever - MedRecs 

In the Read code lists used to identify fever in the medical records (below), I decided to also 
include codes that describe a specific cause for the fever (e.g. Zika fever). This is because, in 
Chapter 6, the codes were used to identify presentations of fever in the month prior to a 
recording of malaria, where other conditions could have been considered as the cause of the 
fever. 

medcode Description 
165..00 Temperature symptoms 
165..11 Fever symptoms 
165..12 Pyrexia symptoms 
1652 Feels hot/feverish 
1653 Fever with sweating 
1656 Feverish cold 
165Z.00 Temperature symptom NOS 
166..00 Sweating symptom 
1662 Excessive sweating 
1662.12 Night sweats 
166Z.00 Sweating symptom NOS 
171F.00 Cough with fever 
1B6B.00 Febrile convulsion 
2223 O/E - sweating 
2827 O/E - febrile convulsion 
2E...00 Examination of fever 
2E...11 O/E - fever 
2E1..00 O/E - fever - general 
2E12.00 O/E - fever examination - NAD 
2E13.00 O/E -pyrexia of unknown origin 
2E13.11 O/E - pyrexia - ? cause 
2E1Z.00 O/E - fever - general NOS 
2E2..00 O/E - method fever registered 
2E2Z.00 O/E - method fever taken NOS 
2E3..00 O/E - level of fever 
2E3..11 O/E - temperature level 
2E34.00 O/E - temperature elevated 
2E35.00 O/E - hyperpyrexia-> 40.5 oCEL 
2E3Z.00 O/E - level of fever NOS 
2E4..00 O/E - character of fever 
2E4..11 O/E - temperature character 
2E41.00 O/E - fever - acute rise 
2E43.00 O/E - fever - continuous 
2E44.00 O/E - fever - remittent 
2E45.00 O/E - fever - intermittent 
2E47.00 O/E - fever - irregular 
2E4Z.00 O/E - fever character NOS 
2EZ..00 O/E - fever NOS 
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677B100 Advice about temperature control 
7L1J.00 Change of body temperature 
7L1Jy00 Other specified change of body temperature 
7L1Jz00 Change of body temperature NOS 
A010.11 Enteric fever 
A21..11 Deerfly fever 
A21..12 Rabbit fever 
A261.11 Haverhill fever 
A3A5.00 Brazilian purpuric fever 
A4y1.00 Enteroviral exanthematous fever 
A65..00 Arthropod-borne haemorrhagic fever 
A650.00 Crimean haemorrhagic fever 
A651.00 Omsk haemorrhagic fever 
A654.00 Mosquito-borne haemorrhagic fever 
A660.00 Phlebotomus fever 
A660000 Changuinola fever 
A660z00 Phlebotomus fever NOS 
A661.00 Tick-borne fever 
A661100 American mountain tick fever 
A661200 Colorado tick fever 
A661300 Kemerovo tick fever 
A661z00 Tick-borne fever NOS 
A663.00 Other mosquito-borne fever 
A663500 Mucambo fever 
A663600 O'nyong-nyong fever 
A663900 Rift valley fever 
A663C00 West Nile fever 
A663D00 Zika fever 
A663z00 Other mosquito-borne fever NOS 
A66y100 Piry fever 
A782.00 Sweating fever 
A782.11 Miliary fever 
A787.00 Arenaviral haemorrhagic fever 
A787.12 Bolivian haemorrhagic fever 
A787000 Junin haemorrhagic fever 
A787100 Machupo haemorrhagic fever 
A78X.00 Unspecified viral haemorrhagic fever 
A78y500 Lassa fever 
A812.12 Kedani fever 
A821.00 Boutonneuse fever 
A821400 Mediterranean tick fever 
A822.00 North Asian tick fever 
A830.00 Q fever 
A831.00 Trench fever 
A850.11 Dumdum fever 
A87..00 Relapsing fever 
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A871.00 Tick-borne relapsing fever 
A87z.00 Relapsing fever NOS 
AA0yz12 Pretibial fever 
AA0yz13 Swamp fever 
Ayu7000 [X]Typhus fever, unspecified 
Ayu9800 [X]Unspecified viral haemorrhagic fever 
G511600 Endocarditis - Q fever 
G751.00 Acute febrile mucocutaneous lymph node syndrome 
G751z00 Acute febrile mucocutaneous lymph node syndrome NOS 
H00..13 Febrile cold 
H00..15 Pyrexial cold 
L42..00 Puerperal pyrexia of unknown origin 
L420.00 Puerperal pyrexia of unknown origin 
L420000 Puerperal pyrexia of unknown origin unspecified 
L420z00 Puerperal pyrexia NOS 
L42z.00 Puerperal pyrexia NOS 
Q47..00 Perinatal skin and temperature regulation disorders 
R003000 [D]Convulsions, febrile 
R003011 [D]Pyrexial convulsion 
R006.00 [D]Pyrexia of unknown origin 
R006.11 [D]Fever of unknown origin 
R006000 [D]Chills with fever 
R006100 [D]Hyperpyrexia NOS 
R006200 [D]Fever NOS 
R006300 [D]Persistent fever 
R006400 [D]Drug-induced fever 
R006y00 [D]Other specified fever 
R006z00 [D]Pyrexia of unknown origin NOS 
R008100 [D]Excessive sweating 
R008400 [D]Night sweats 

 

Headache - AHDRecs 
medcode Description 
1B1G.00 Headache 
1B1G.11 C/O - a headache 
1B1G000 Sinus headache 
1B1G100 Viral headache 
1BA5.00 Frontal headache 
1BA6.00 Occipital headache 
1BA8.00 Temporal headache 
1BB..00 Headache character 
1BB2.00 Throbbing headache 
1BB4.00 Morning headache 
E278100 Tension headache 
Eu45413 [X]Psychogenic headache 
F26..00 Migraine 
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F262000 Cluster headache 
F262400 Ophthalmic migraine 
F26y000 Hemiplegic migraine 
F26z.00 Migraine NOS 
F2X..00 Vascular headache, not elsewhere classified 
R040.00 [D]Headache 
R040z00 [D]Pain in head NOS 

 

Headache - MedRecs 
medcode Description 
1B1G.00 Headache 
1B1G.11 C/O - a headache 
1B1G000 Sinus headache 
1B1G100 Viral headache 
1BA..00 Headache site 
1BA2.00 Generalised headache 
1BA3.00 Unilateral headache 
1BA4.00 Bilateral headache 
1BA5.00 Frontal headache 
1BA6.00 Occipital headache 
1BA7.00 Parietal headache 
1BA8.00 Temporal headache 
1BA9.00 Sinus headache 
1BAZ.00 Headache site NOS 
1BB..00 Headache character 
1BB1.00 Aching headache 
1BB2.00 Throbbing headache 
1BB3.00 Shooting headache 
1BB4.00 Morning headache 
1BBZ.00 Headache character NOS 
8B6N.00 Migraine prophylaxis 
E278100 Tension headache 
E278111 Muscular headache 
Eu45413 [X]Psychogenic headache 
F26..00 Migraine 
F260.00 Classical migraine 
F260.11 Migraine with aura 
F261.00 Common migraine 
F261.11 Migraine without aura 
F261000 Atypical migraine 
F261100 Sick headache 
F261z00 Common migraine NOS 
F262.00 Migraine variants 
F262000 Cluster headache 
F262200 Abdominal migraine 
F262300 Basilar migraine 



271 
 

F262400 Ophthalmic migraine 
F262600 [X] Tension type headache 
F262900 Infrequent episodic tension-type headache 
F262A00 Frequent episodic tension-type headache 
F262B00 Chronic tension-type headache 
F262z00 Migraine variant NOS 
F26y.00 Other forms of migraine 
F26y000 Hemiplegic migraine 
F26y100 Ophthalmoplegic migraine 
F26y111 Moebius' ophthalmoplegic migraine 
F26y300 Complicated migraine 
F26yz00 Other forms of migraine NOS 
F26z.00 Migraine NOS 
F290000 Headache after lumbar puncture 
F2W0.00 Medication overuse headache 
F2X..00 Vascular headache, not elsewhere classified 
Fyu5300 [X]Other migraine 
Fyu5400 [X]Other specified headache syndromes 
Fyu5A00 [X]Vascular headache, not elsewhere classified 
Fyu5C00 [X]Benign coital headache 
Fyu5D00 [X]Cervicogenic headache 
Fyu5E00 [X]Chronic headache disorder 
Fyu5F00 [X]Primary cough headache 
Fyu5G00 [X]Primary exertional headache 
Fyu5H00 [X]Headache associated with sexual activity 
K584.11 Migraine - menstrual 
K5A2200 Menopausal headache 
R040.00 [D]Headache 
R040z00 [D]Pain in head NOS 
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Myalgia – AHDRecs 

In the Read code lists used to identify recordings of myalgia in both the AHD records and the 
Medical records, non-specific terms which could relate to either arthralgia or myalgia were 
included in the code list. This is because in the analysis described in Chapter 6, both myalgia 
and arthralgia are grouped in a single category when analysing the data (Non-fever 
symptoms). 

medcode Description 
N20..11 Polymyalgia 
N23y400 Spasm of muscle 
N23z.00 Muscle, ligament or fascia disorder NOS 
N241000 Myalgia unspecified 
N241011 Intercostal myalgia 
N241012 Muscle pain 
N241z00 Myalgia or myositis NOS 
R01z200 [D]Musculoskeletal pain 
R065A00 [D]Musculoskeletal chest pain 
S5...00 Sprains and strains of joints and adjacent muscles 
S5yz100 Muscle injury / strain 

 

Myalgia - MedRecs 
medcode Description 
1DCC.00 Aching muscles 
2947 O/E - muscle tension 
A78y200 Epidemic cervical myalgia 
Fyu8100 [X]Other primary disorders of muscles 
N096.12 Musculoskeletal pain - joints 
N20..11 Polymyalgia 
N23..00 Muscle, ligament and fascia disorders 
N233.00 Other specific muscle disorder 
N233z00 Other specific muscle disorder NOS 
N23y.00 Other muscle, ligament and fascia disorder 
N23y400 Spasm of muscle 
N23yD00 Muscle strain 
N23yE00 Spasm of back muscles 
N23yz00 Other muscle, ligament or fascia disorder NOS 
N23z.00 Muscle, ligament or fascia disorder NOS 
N241.00 Myalgia and myositis unspecified 
N241000 Myalgia unspecified 
N241011 Intercostal myalgia 
N241012 Muscle pain 
N241300 Viral myalgia 
N241z00 Myalgia or myositis NOS 
N3y..00 Other specified musculoskeletal disorders 
N3z..00 Other musculoskeletal disorder NOS 
Nyu8.00 [X]Disorders of muscles 
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Nyu8500 [X]Other specified disorders of muscle 
Nyu8A00 [X]Other disorders of muscle in diseases CE 
Nyu8B00 [X]Disorder of muscle, unspecified 
R01z200 [D]Musculoskeletal pain 
R065A00 [D]Musculoskeletal chest pain 
S5...00 Sprains and strains of joints and adjacent muscles 
S5yz100 Muscle injury / strain 
S5z..13 Muscle sprain NOS 
S5z..14 Rectus muscle sprain 

 

Vomitting – AHDRecs 
medcode description 
199..00 Vomiting 
199..14 Vomiting symptoms 
1992 Vomiting 
1997 Retching 
19FZ.11 Diarrhoea & vomiting, symptom 
19G..00 Diarrhoea and vomiting 
4A...00 Vomit examination 
4A1..00 Vomit examination - general 
4A1..11 Vomit - O/E, general 
4A11.00 Vomit sent for examination 
4A12.00 Vomit examination normal 
4A13.00 Vomit examination abnormal 
4A1Z.00 Vomit exam. general NOS 
4A2..00 Vomit appearance 
4A21.00 Vomit appearance - normal 
4A22.00 Vomit appearance - abnormal 
4A23.00 Vomit: frank blood present 
4A23.11 Blood in vomit O/E 
4A24.00 Vomit: coffee ground 
4A24.11 Coffee ground vomit 
4A25.00 Vomit: bilious 
4A25.11 Bilious vomit O/E 
4A26.00 Vomit: faeculant 
4A26.11 Faeculant vomit O/E 
4A27.00 Vomit: mucous present 
4A29.00 Vomit: undigested food present 
4A2Z.00 Vomit: appearance NOS 
4A3..00 Vomit odour 
4A4..00 Vomit pH 
4A4..11 pH of vomit 
4A42.00 Vomit: excessive acidity 
4A4Z.00 Vomit pH NOS 
4A5..00 Vomit occult blood 
4A5..11 Occult blood in vomit 
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4A51.00 Vomit occult blood positive 
4A52.00 Vomit occult blood negative 
4A5Z.00 Vomit occult blood NOS 
4A6..00 Vomit toxicology 
4A6Z.00 Vomit toxicology NOS 
4AZ..00 Vomit examination NOS 
A083.11 Diarrhoea & vomiting -? infect 
H470312 Aspiration pneumonia due to vomit 
J680.11 Vomiting of blood 
R070.00 [D]Nausea and vomiting 
R070100 [D]Vomiting 
R070300 [D]Drug induced vomiting 

 

Vomitting - MedRecs 
medcode Description 
199..00 Vomiting 
199..11 C/O - vomiting 
199..14 Vomiting symptoms 
1992 Vomiting 
1993 Projectile vomiting 
1994 Vomiting blood - fresh 
1994.11 Blood in vomit - symptom 
1995 Vomiting blood - coffee ground 
1996 Vomiting - bile stained 
1997 Retching 
1999 Frequency of vomiting 
199Z.00 Vomiting NOS 
19FZ.11 Diarrhoea & vomiting, symptom 
19G..00 Diarrhoea and vomiting 
4A...00 Vomit examination 
4A1..11 Vomit - O/E, general 
4A12.00 Vomit examination normal 
4A2..00 Vomit appearance 
4A21.00 Vomit appearance - normal 
4A22.00 Vomit appearance - abnormal 
4A23.00 Vomit: frank blood present 
4A23.11 Blood in vomit O/E 
4A24.00 Vomit: coffee ground 
4A24.11 Coffee ground vomit 
4A25.00 Vomit: bilious 
4A25.11 Bilious vomit O/E 
4A26.00 Vomit: faeculant 
4A26.11 Faeculant vomit O/E 
4A2A.11 Parasite in vomit O/E 
4A2Z.00 Vomit: appearance NOS 
4A4..00 Vomit pH 
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4A4..11 pH of vomit 
4A42.00 Vomit: excessive acidity 
4A5..00 Vomit occult blood 
4A5..11 Occult blood in vomit 
4A51.00 Vomit occult blood positive 
4A6..00 Vomit toxicology 
A0...13 Vomiting - infective 
A076.12 Viral vomiting 
A083.11 Diarrhoea & vomiting -? infect 
A78y100 Epidemic vomiting syndrome 
A78y111 Winter vomiting disease 
E264200 Cyclical vomiting - psychogenic 
E275400 Psychogenic vomiting NOS 
Eu50500 [X]Vomiting associated with other psychological disturbances 
Eu50511 [X]Psychogenic vomiting 
J162.00 Persistent vomiting 
J162000 Cyclical vomiting NOS 
J162100 Habit vomiting 
J162z00 Persistent vomiting NOS 
J16y500 Functional vomiting 
J680.11 Vomiting of blood 
L13..00 Excessive pregnancy vomiting 
L132.00 Late vomiting of pregnancy 
L132000 Late pregnancy vomiting unspecified 
L132100 Late pregnancy vomiting - delivered 
L132200 Late pregnancy vomiting - not delivered 
L132z00 Late pregnancy vomiting NOS 
L13y.00 Other pregnancy vomiting 
L13y000 Other pregnancy vomiting unspecified 
L13y100 Other pregnancy vomiting - delivered 
L13y200 Other pregnancy vomiting - not delivered 
L13yz00 Other pregnancy vomiting NOS 
L13z.00 Unspecified pregnancy vomiting 
L13z000 Unspecified pregnancy vomiting unspecified 
L13z100 Unspecified pregnancy vomiting - delivered 
L13z200 Unspecified pregnancy vomiting - not delivered 
L13zz00 Unspecified pregnancy vomiting NOS 
Lyu2100 [X]Other vomiting complicating pregnancy 
R070.00 [D]Nausea and vomiting 
R070100 [D]Vomiting 
R070300 [D]Drug induced vomiting 
R070400 [D]Projectile vomiting 
R070z00 [D]Nausea and vomiting NOS 
R070z12 [D]Retching 
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E-5. Read code list used to identify conditions which malaria may be 
misdiagnosed as 

In the Read code lists used to identify flu-like and viral illnesses in both the medical and AHD 
records (below), I decided to also include codes that describe an investigation for flu and viral 
illnesses. This is because, in Chapter 6, the codes were used to identify presentations prior to a 
recording of malaria, and investigations for flu and viral illnesses could indicate that these 
conditions were considered as plausible differential diagnoses, or diagnoses to be excluded 
during the consultation. 

Flu like illness - AHDRecs 
medcode Description 
1J72.00 Suspected influenza A virus subtype H1N1 infection 
1W0..00 Possible influenza A virus H1N1 subtype 
43dF.00 Influenza A antibody level 
43df.00 Parainfluenza type 2 antibody level 
43dG.00 Influenza B antibody level 
43dg.00 Parainfluenza virus antibody level 
43dh.00 Parainfluenza type 3 antibody level 
43do.00 Parainfluenza virus antigen assay 
43jQ.00 Avian influenza virus nucleic acid detection 
43jQ000 Avian influenza virus nucleic acid detection assay 
43jQ100 Avian influenza virus ribonucleic acid detection assay 
43jx.00 Parainfluenza type 1 nucleic acid detection 
43jx000 Parainfluenza type 1 nucleic acid detection assay 
43jx100 Parainfluenza virus type 1 ribonucleic acid detection assay 
43jy.00 Parainfluenza type 2 nucleic acid detection 
43jy000 Parainfluenza type 2 nucleic acid detection assay 
43jy100 Parainfluenza virus type 2 ribonucleic acid detection assay 
43jz.00 Parainfluenza type 3 nucleic acid detection 
43jz000 Parainfluenza type 3 nucleic acid detection assay 
43jz100 Parainfluenza virus type 3 ribonucleic acid detection assay 
43k2.00 Influenza A antigen level 
43k3.00 Influenza B antigen level 
43W4.00 Haemophilus influenzae B antibody level 
43w6.00 Influenza A nucleic acid detection 
43w6000 Influenza A nucleic acid detection assay 
43w6100 Influenza A virus ribonucleic acid detection assay 
43w9.00 Parainfluenza type 4 nucleic acid detection 
43w9100 Parainfluenza virus type 4 ribonucleic acid detection assay 
43wD.00 Influenza B nucleic acid detection 
43wD000 Influenza B nucleic acid detection assay 
43wD100 Influenza B virus ribonucleic acid detection assay 
43WV.00 Haemophilus influenzae B IgG level 
44qL.00 Urine flunitrazepam screening test 
44v2.00 Serum flunitrazepam level 
46Qi.00 Urine flunitrazepam level 
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4J3M.00 Influenza A virus H1N1 subtype not detected 
4JDb.00 Influenza (A&B) serology 
4JDe.00 Influenza A virus subtype H1N1 serology 
A3B5.00 Haemophilus influenzae infection 
H040400 Acute haemophilus influenzae laryngitis 
H2...00 Pneumonia and influenza 
H202.00 Pneumonia due to parainfluenza virus 
H27..00 Influenza 
H270000 Influenza with bronchopneumonia 
H27z.11 Flu like illness 
H27z.12 Influenza like illness 
H2y..00 Other specified pneumonia or influenza 
H2z..00 Pneumonia or influenza NOS 

 

Flu like illness - MedRecs 
medcode Description 
14Ol.00 At risk of influenza related complication 
16L..00 Influenza-like symptoms 
1J72.00 Suspected influenza A virus subtype H1N1 infection 
1J72.11 Suspected swine influenza 
1W0..00 Possible influenza A virus H1N1 subtype 
43dF.00 Influenza A antibody level 
43df.00 Parainfluenza type 2 antibody level 
43dG.00 Influenza B antibody level 
43dg.00 Parainfluenza virus antibody level 
43dh.00 Parainfluenza type 3 antibody level 
43do.00 Parainfluenza virus antigen assay 
43jQ.00 Avian influenza virus nucleic acid detection 
43jx.00 Parainfluenza type 1 nucleic acid detection 
43jz.00 Parainfluenza type 3 nucleic acid detection 
43k2.00 Influenza A antigen level 
43k3.00 Influenza B antigen level 
43W4.00 Haemophilus influenzae B antibody level 
43w6.00 Influenza A nucleic acid detection 
43w9.00 Parainfluenza type 4 nucleic acid detection 
43WV.00 Haemophilus influenzae B IgG level 
4J3L.00 Influenza A virus H1N1 subtype detected 
4J3M.00 Influenza A virus H1N1 subtype not detected 
4JDb.00 Influenza (A&B) serology 
8CAR.00 Advice given about Influenza A virus subtype H1N1 infection 
8CAR.11 Advice given about swine flu 
8CAR000 Advc given about influenza A virus subtype H1N1 by telephone 
9G5..00 Local flu response centre notified 
9N31000 Telephne consultatn suspected influenza A virus subtype H1N1 
9N31011 Telephone consultation for suspected swine flu 
A384100 Haemophilus influenzae septicaemia 
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A3B5.00 Haemophilus influenzae infection 
A3BXD00 H influenzae as cause/diseases classified/other chapters 
A3C3000 Sepsis due to Haemophilus influenzae 
Ayu3U00 [X]Haemophilus influenzae infection, unspecified 
F030800 Encephalitis due to influenza-specific virus not identified 
F030A00 Encephalitis due to influenza-virus identified 
G520300 Acute myocarditis - influenzal 
H040400 Acute haemophilus influenzae laryngitis 
H060800 Acute haemophilus influenzae bronchitis 
H060C00 Acute bronchitis due to parainfluenza virus 
H2...00 Pneumonia and influenza 
H202.00 Pneumonia due to parainfluenza virus 
H222.00 Pneumonia due to haemophilus influenzae 
H222.11 Pneumonia due to haemophilus influenzae 
H27..00 Influenza 
H270.00 Influenza with pneumonia 
H270.11 Chest infection - influenza with pneumonia 
H270000 Influenza with bronchopneumonia 
H270100 Influenza with pneumonia, influenza virus identified 
H270z00 Influenza with pneumonia NOS 
H271.00 Influenza with other respiratory manifestation 
H271000 Influenza with laryngitis 
H271100 Influenza with pharyngitis 
H271z00 Influenza with respiratory manifestations NOS 
H27y.00 Influenza with other manifestations 
H27y000 Influenza with encephalopathy 
H27y100 Influenza with gastrointestinal tract involvement 
H27yz00 Influenza with other manifestations NOS 
H27z.00 Influenza NOS 
H27z.11 Flu like illness 
H27z.12 Influenza like illness 
H29..00 Avian influenza 
H2A..00 Influenza due to Influenza A virus subtype H1N1 
H2A..11 Influenza A (H1N1) swine flu 
H2y..00 Other specified pneumonia or influenza 
H2z..00 Pneumonia or influenza NOS 
Hyu0500 [X]Influenza+other manifestations,influenza virus identified 
Hyu0600 [X]Influenza+oth respiratory manifestatns,virus not identifd 
Hyu0700 [X]Influenza+other manifestations, virus not identified 

 

Viral illness - AHDRecs 
medcode Description 
1B1G100 Viral headache 
1J72.00 Suspected influenza A virus subtype H1N1 infection 
1W0..00 Possible influenza A virus H1N1 subtype 
43b0.00 Cytomegalovirus antigen test 



279 
 

43bA.00 Norwalk virus antigen test 
43bG.00 Parvovirus B19 antigen test 
43bQ.00 Cytomegalovirus IgM antibody positive 
43bR.00 Cytomegalovirus IgM antibody negative 
43bT.00 Cytomegalovirus antibody in serum positive 
43d..00 Viral antibody level 
43d0.00 Cytomegalovirus early antigen level 
43d1.00 Cytomegalovirus latex test 
43d2.00 Dengue virus IgG level 
43d3.00 Dengue virus IgM level 
43d4.00 Enterovirus IgM level 
43d7.00 Hantavirus antibody level 
43db.00 Poliovirus 2 antibody level 
43dd.00 Respiratory syncytial virus antibody level 
43dg.00 Parainfluenza virus antibody level 
43di.00 Alphavirus antibody level 
43dj.00 Coxsackievirus antibody level 
43dk.00 Parvovirus antibody level 
43dn.00 Respiratory syncytial virus antigen assay 
43do.00 Parainfluenza virus antigen assay 
43dP.00 Parvovirus B19 IgG level 
43dp.00 Poliovirus 3 antibody level 
43dq.00 Chikungunya virus IgG Ab level 
43dQ.00 Parvovirus B19 IgM level 
43dr.00 Chikungunya virus IgM Ab level 
43dR.00 Poliovirus antibody level 
43dW.00 Hantavirus IgG level 
43dZ.00 Poliovirus 1 antibody level 
43h8.00 Enterovirus ribonucleic acid polymerase chain reaction 
43h9.00 HIV proviral deoxyribonucleic acid polymerase chain reaction 
43hA.00 Adenovirus polymerase chain reaction 
43hB.00 Adenovirus group F polymerase chain reaction 
43hD.00 Respiratory virus screen by polymerase chain reaction 
43hE.00 Human bocavirus polymerase chain reaction 
43j0.00 Cytomegalovirus nucleic acid detection 
43j0000 Cytomegalovirus nucleic acid detection assay 
43j0100 Cytomegalovirus deoxyribonucleic acid detection assay 
43j0200 Cytomegalovirus replication ribonucleic acid detection assay 
43j3100 Dengue virus ribonucleic acid detection assay 
43ja.00 Measles virus nucleic acid detection 
43ja100 Measles virus ribonucleic acid detection assay 
43jB.00 Parvovirus B19 nucleic acid detection 
43jB000 Parvovirus B19 nucleic acid detection assay 
43jB100 Parvovirus B19 deoxyribonucleic acid detection assay 
43jc.00 Mumps virus nucleic acid detection 
43jc000 Mumps virus nucleic acid detection assay 



280 
 

43jc100 Mumps virus ribonucleic acid detection assay 
43jD.00 Enterovirus DNA detection 
43JE.00 Cytomegalovirus IgM level 
43jf.00 Norovirus nucleic acid detection 
43jf000 Norovirus nucleic acid detection assay 
43jf100 Norovirus ribonucleic acid detection assay 
43JG.00 Epstein-Barr virus capsid IgG level 
43JH.00 Epstein-Barr virus nuclear IgG level 
43jh.00 Rabies virus nucleic acid detection 
43ji.00 Rhinovirus nucleic acid detection 
43ji000 Rhinovirus nucleic acid detection assay 
43ji100 Rhinovirus ribonucleic acid detection assay 
43jj.00 Rotavirus nucleic acid detection 
43jj100 Rotavirus ribonucleic acid detection assay 
43jk000 Respiratory syncytial virus nucleic acid detection assay 
43jk100 Respiratory syncytial virus ribonucleic acid detection assay 
43jL.00 Enterovirus ribonucleic acid detection 
43JL.00 Human parvovirus IgG level 
43jl.00 Sapovirus nucleic acid detection 
43jM.00 Adenovirus nucleic acid detection 
43JM.00 Human parvovirus IgM level 
43jm.00 Rubella virus nucleic acid detection 
43jM000 Adenovirus nucleic acid detection assay 
43jM100 Adenovirus deoxyribonucleic acid detection assay 
43jm100 Rubella virus ribonucleic acid detection assay 
43jN.00 Arbovirus nucleic acid detection 
43jn.00 SARS virus nucleic acid detection 
43jo.00 West Nile fever virus nucleic acid detection 
43jP.00 Astrovirus nucleic acid detection 
43jP100 Astrovirus ribonucleic acid detection assay 
43jQ.00 Avian influenza virus nucleic acid detection 
43jQ000 Avian influenza virus nucleic acid detection assay 
43jQ100 Avian influenza virus ribonucleic acid detection assay 
43jR.00 BK virus nucleic acid detectn 
43jr.00 Human T-lymphotropic virus nucleic acid detection 
43jR000 BK virus nucleic acid detection assay 
43jS.00 Coronavirus nucl acid detect 
43jS000 Coronavirus nucleic acid detection assay 
43jS100 Coronavirus ribonucleic acid detection assay 
43jt.00 Human herpes virus 6 nucleic acid detection 
43jt100 Human herpesvirus 6 deoxyribonucleic acid detection assay 
43ju.00 Human herpes virus 7 nucleic acid detection 
43ju100 Human herpesvirus 7 deoxyribonucleic acid detection assay 
43jV.00 Epstein-Barr virus nucleic acid detection 
43jv.00 Human herpes virus 8 nucleic acid detection 
43jV000 Epstein-Barr virus nucleic acid detection assay 
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43jV100 Epstein-Barr virus deoxyribonucleic acid detection assay 
43jw.00 Norovirus (small round-structured viruses) nucleic acid detn 
43jX.00 Human metapneumovirus nucleic acid detection 
43jX000 Human metapneumovirus nucleic acid detection assay 
43jX100 Human metapneumovirus ribonucleic acid detection assay 
43jx100 Parainfluenza virus type 1 ribonucleic acid detection assay 
43jy100 Parainfluenza virus type 2 ribonucleic acid detection assay 
43jZ.00 JC virus nucleic acid detection 
43jZ000 JC virus nucleic acid detection assay 
43jZ100 JC virus deoxyribonucleic acid detection assay 
43jz100 Parainfluenza virus type 3 ribonucleic acid detection assay 
43k5.00 Adenovirus antigen level 
43k6.00 Rotavirus antigen level 
43n4.00 Phlebovirus IgG level 
43q..00 Hepatitis C virus RNA assay 
43rY.00 Serum anti-viral citrullinated peptide antibody level 
43W1.00 Cytomegalovirus IgG antibody level 
43w1.00 Poliovirus type 2 nucleic acid detection 
43W2.00 Epstein-Barr virus IgM antibody level 
43W3.00 Epstein-Barr virus antibody titre 
43w4.00 Herpes simplex virus type 1 nucleic acid detection 
43w4000 Herpes simplex virus type 1 nucleic acid detection assay 
43w5.00 Herpes simplex virus type 2 nucleic acid detection 
43w5000 Herpes simplex virus type 2 nucleic acid detection assay 
43w6100 Influenza A virus ribonucleic acid detection assay 
43w8.00 Parechovirus ribonucleic acid detection 
43w9100 Parainfluenza virus type 4 ribonucleic acid detection assay 
43wD100 Influenza B virus ribonucleic acid detection assay 
43WE.00 Parvovirus B19 antibody level 
43Wf.00 Cytomegalovirus IgG avidity test 
43WP.00 Epstein Barr virus viral capsid antigen IgM level 
43WS.00 Adenovirus antibody level 
4J32.00 Sample: virus identified 
4J33.00 Sample: no virus identified 
4J37.00 Virus isolation report 
4J38.00 Culture for viruses 
4J3A.00 Viral studies 
4J3B.00 Hepatitis C viral load 
4J3C.00 Herpes simplex virus isolation 
4J3D.00 Hepatitis B viral load 
4J3E.00 Epstein-Barr virus viral load 
4J3J.00 Virus resistance patterns examined 
4J3K.00 Virus resistance patterns not examined 
4J3M.00 Influenza A virus H1N1 subtype not detected 
4JA3.00 O/E: E.M. micr.: virus 
4JA3.11 Virus on E.M. 
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4JB3.00 Animal inoculation: virus 
4JC3.00 P.M.- virus isolated 
4JD..14 Virus: serology 
4JD3.00 Serology: virus identified 
4JDc.00 Human T-lymphotropic virus (1&2) serology 
4JDe.00 Influenza A virus subtype H1N1 serology 
4JDN.00 Human herpes virus serology 
4JDP.00 Epstein-Barr virus serology 
4JDS.00 Respiratory syncytial virus serology 
4JDW.00 Dengue virus serology 
4JDX.00 West Nile virus serology 
4JQ3.00 Hepatitis C virus genotype 
4JQC.00 Hepatitis C viral ribonucleic acid PCR negative 
4JQD.00 Hepatitis C viral ribonucleic acid PCR positive 
4JR8.00 Rotavirus screening test 
4JRF.00 Viral hepatitis screening test 
4JRG.00 Haemorrhagic fever virus serology screening test 
4JRJ.00 Arbovirus serology screening test 
4JU..00 Presence of virus 
4JUL.00 No respiratory virus detected 
4L17.00 Hepatitis E virus genotype determination 
65PY.00 Other viral disease contact 
65Q7.00 Viral hepatitis carrier 
679e.00 Education about human papillomavirus 
682..00 Viral screening - excl.rubella 
682C.00 Norovirus screening test 
682D.00 Human papillomavirus screening 
682Z.00 Viral screening NOS 
A076.00 Enteritis due to specified virus 
A076.11 Viral diarrhoea 
A076200 Enteritis due to rotavirus 
A076300 Enteritis due to norovirus 
A076z00 Enteritis due to specified virus NOS 
A07y000 Viral gastroenteritis 
A07y100 Infantile viral gastroenteritis 
A420.00 Coxsackie viral meningitis 
A42z.00 Viral meningitis NOS 
A4zz.11 Viral encephalitis NOS 
A5...00 Viral diseases with exanthem 
A54..11 Herpes simplex viral infection 
A541500 Anogenital herpesviral infection 
A57z.11 Non specific viral rash 
A5z..00 Viral diseases with exanthemata NOS 
A7...00 Other viral and chlamydial diseases 
A70..00 Viral hepatitis 
A701.00 Viral (infectious) hepatitis A 
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A703.00 Viral (serum) hepatitis B 
A704000 Viral hepatitis C with coma 
A705.00 Other specified viral hepatitis without coma 
A705000 Viral hepatitis C without mention of hepatic coma 
A707200 Chronic viral hepatitis C 
A70z.00 Unspecified viral hepatitis 
A751.00 Cytomegaloviral mononucleosis 
A781.00 Viral warts 
A785000 Cytomegaloviral pneumonitis 
A785X00 Cytomegaloviral disease, unspecified 
A790.00 Adenovirus 
A792.00 Coxsackie virus 
A793.00 Rhinovirus 
A796.00 Parvovirus infection 
A798.00 Retrovirus infection 
A799.00 Cytomegalovirus infection 
A79A.00 Respiratory syncytial virus infection 
A79B.00 Human papilloma virus infection 
A79X.00 Enterovirus infection, unspecified 
A79y.00 Other specific viral infection 
A79y.11 Epstein-Barr virus 
A79z.00 Viral infection NOS 
A79z.11 Viral illness 
A7y..00 Other specified viral or chlamydial diseases 
A7y0400 Parvovirus as cause of diseases classified to oth chapters 
F030.00 Encephalitis in viral disease EC 
F286.14 Post-viral fatigue syndrome 
H024.00 Acute viral pharyngitis 
H036.00 Acute viral tonsillitis 
H05z.12 Viral upper respiratory tract infection NOS 
H060w00 Acute viral bronchitis unspecified 
H20..00 Viral pneumonia 
H201.00 Pneumonia due to respiratory syncytial virus 
H202.00 Pneumonia due to parainfluenza virus 
H20z.00 Viral pneumonia NOS 
H270100 Influenza with pneumonia, influenza virus identified 
H2A..00 Influenza due to Influenza A virus subtype H1N1 
J631100 Hepatitis in cytomegalic inclusion virus 
R007400 [D]Postviral (asthenic) syndrome 
ZV73.00 [V]Special screening for viral diseases 

 

Viral illness - MedRecs 
medcode Description 
14Oi.00 At risk of blood-borne virus infection 
1684.13 C/O - postviral syndrome 
173e.00 Viral wheeze 
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173e.11 Viral induced wheeze 
1B1G100 Viral headache 
1J72.00 Suspected influenza A virus subtype H1N1 infection 
1JN3.00 Suspected Ebola virus infection 
1W0..00 Possible influenza A virus H1N1 subtype 
43b0.00 Cytomegalovirus antigen test 
43bA.00 Norwalk virus antigen test 
43bG.00 Parvovirus B19 antigen test 
43bQ.00 Cytomegalovirus IgM antibody positive 
43bR.00 Cytomegalovirus IgM antibody negative 
43d..00 Viral antibody level 
43d0.00 Cytomegalovirus early antigen level 
43d1.00 Cytomegalovirus latex test 
43d2.00 Dengue virus IgG level 
43d3.00 Dengue virus IgM level 
43d4.00 Enterovirus IgM level 
43dd.00 Respiratory syncytial virus antibody level 
43dg.00 Parainfluenza virus antibody level 
43di.00 Alphavirus antibody level 
43dj.00 Coxsackievirus antibody level 
43dk.00 Parvovirus antibody level 
43dn.00 Respiratory syncytial virus antigen assay 
43do.00 Parainfluenza virus antigen assay 
43dP.00 Parvovirus B19 IgG level 
43dQ.00 Parvovirus B19 IgM level 
43dR.00 Poliovirus antibody level 
43dZ.00 Poliovirus 1 antibody level 
43h8.00 Enterovirus ribonucleic acid polymerase chain reaction 
43h9.00 HIV proviral deoxyribonucleic acid polymerase chain reaction 
43j0.00 Cytomegalovirus nucleic acid detection 
43ja.00 Measles virus nucleic acid detection 
43jc.00 Mumps virus nucleic acid detection 
43JE.00 Cytomegalovirus IgM level 
43jf.00 Norovirus nucleic acid detection 
43JG.00 Epstein-Barr virus capsid IgG level 
43jg.00 Poxvirus nucleic acid detection 
43JH.00 Epstein-Barr virus nuclear IgG level 
43jj.00 Rotavirus nucleic acid detection 
43JL.00 Human parvovirus IgG level 
43jl.00 Sapovirus nucleic acid detection 
43JM.00 Human parvovirus IgM level 
43jm.00 Rubella virus nucleic acid detection 
43jM000 Adenovirus nucleic acid detection assay 
43jP.00 Astrovirus nucleic acid detection 
43jQ.00 Avian influenza virus nucleic acid detection 
43jR.00 BK virus nucleic acid detectn 
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43jr.00 Human T-lymphotropic virus nucleic acid detection 
43jV.00 Epstein-Barr virus nucleic acid detection 
43jw.00 Norovirus (small round-structured viruses) nucleic acid detn 
43jX.00 Human metapneumovirus nucleic acid detection 
43jY.00 Human papilloma virus nucleic acid detection 
43jY000 Human papilloma virus nucleic acid detection assay 
43jZ.00 JC virus nucleic acid detection 
43jZ000 JC virus nucleic acid detection assay 
43k5.00 Adenovirus antigen level 
43k6.00 Rotavirus antigen level 
43n4.00 Phlebovirus IgG level 
43q..00 Hepatitis C virus RNA assay 
43W1.00 Cytomegalovirus IgG antibody level 
43W2.00 Epstein-Barr virus IgM antibody level 
43W3.00 Epstein-Barr virus antibody titre 
43w4.00 Herpes simplex virus type 1 nucleic acid detection 
43w5.00 Herpes simplex virus type 2 nucleic acid detection 
43w5000 Herpes simplex virus type 2 nucleic acid detection assay 
43w8.00 Parechovirus ribonucleic acid detection 
43wC.00 Detection of Varicella zoster virus using PCR technique 
43WE.00 Parvovirus B19 antibody level 
43Wf.00 Cytomegalovirus IgG avidity test 
43WP.00 Epstein Barr virus viral capsid antigen IgM level 
43WS.00 Adenovirus antibody level 
4J32.00 Sample: virus identified 
4J33.00 Sample: no virus identified 
4J34.00 HIV viral load 
4J37.00 Virus isolation report 
4J38.00 Culture for viruses 
4J39.00 Viral load 
4J3A.00 Viral studies 
4J3B.00 Hepatitis C viral load 
4J3D.00 Hepatitis B viral load 
4J3E.00 Epstein-Barr virus viral load 
4J3J.00 Virus resistance patterns examined 
4J3K.00 Virus resistance patterns not examined 
4J3L.00 Influenza A virus H1N1 subtype detected 
4J3M.00 Influenza A virus H1N1 subtype not detected 
4JA3.00 O/E: E.M. micr.: virus 
4JA3.11 Virus on E.M. 
4JD..14 Virus: serology 
4JD3.00 Serology: virus identified 
4JDc.00 Human T-lymphotropic virus (1&2) serology 
4JDN.00 Human herpes virus serology 
4JDP.00 Epstein-Barr virus serology 
4JDW.00 Dengue virus serology 
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4JDX.00 West Nile virus serology 
4JQ3.00 Hepatitis C virus genotype 
4JQC.00 Hepatitis C viral ribonucleic acid PCR negative 
4JQD.00 Hepatitis C viral ribonucleic acid PCR positive 
4JR8.00 Rotavirus screening test 
4JRF.00 Viral hepatitis screening test 
4JU..00 Presence of virus 
4JU0.00 Influenza H1 virus detected 
4JU1.00 Influenza H2 virus detected 
4JU2.00 Influenza H3 virus detected 
4JU4.00 Influenza A virus, other or untyped strain detected 
4JU5.00 Influenza B virus detected 
4JU6.00 Oseltamivir resistant virus detected 
4JU8.00 Amantadine resistant virus detected 
4JU9.00 Respiratory syncytial virus A detected 
4JUA.00 Respiratory syncytial virus B detected 
4JUB.00 Respiratory syncytial virus untyped strain detected 
4JUC.00 Human metapneumovirus detected 
4JUD.00 Human bocavirus detected 
4JUE.00 Human rhinovirus detected 
4JUF.00 Human parainfluenza virus detected 
4JUG.00 Human adenovirus detected 
4JUH.00 Human enterovirus detected 
4JUJ.00 Other respiratory virus detected 
4JUL.00 No respiratory virus detected 
4L17.00 Hepatitis E virus genotype determination 
65PT.00 Influenza A virus H1N1 subtype contact 
65PV.00 Influenza A virus H1N1 subtype close contact 
65PY.00 Other viral disease contact 
65Q7.00 Viral hepatitis carrier 
679e.00 Education about human papillomavirus 
682..00 Viral screening - excl.rubella 
682C.00 Norovirus screening test 
682D.00 Human papillomavirus screening 
682Z.00 Viral screening NOS 
7Q05400 Respiratory syncytial virus prevention drugs band 1 
7Q05500 Antiviral drugs Band 1 
7Q05600 Antiretroviral drugs Band 1 
8B2X.00 Antiviral authorisation voucher 
8B6j.00 Respiratory syncytial virus monoclonal antibody prophylaxis 
8BP5.00 Antiviral therapy 
8CAR.00 Advice given about Influenza A virus subtype H1N1 infection 
8CAR000 Advc given about influenza A virus subtype H1N1 by telephone 
8IBD.00 High risk human papillomavirus genotyping test not indicated 
9N31000 Telephne consultatn suspected influenza A virus subtype H1N1 
9Op..00 Viral screening status 
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A076.00 Enteritis due to specified virus 
A076.11 Viral diarrhoea 
A076.12 Viral vomiting 
A076000 Enteritis due to adenovirus 
A076100 Enteritis due to enterovirus 
A076200 Enteritis due to rotavirus 
A076300 Enteritis due to norovirus 
A076z00 Enteritis due to specified virus NOS 
A07y000 Viral gastroenteritis 
A07y100 Infantile viral gastroenteritis 
A082111 Viral gastroenteritis 
A4...00 Poliomyelitis & other non-arthropod-borne viral diseases-CNS 
A403100 Acute paralytic poliomyelitis, wild virus, imported 
A403200 Acute paralytic poliomyelitis, wild virus, indigenous 
A41..00 Slow viral central nervous system infection 
A41y.00 Other slow virus central nervous system infections 
A41z.00 Slow virus central nervous system infection NOS 
A42..00 Meningitis due to enterovirus 
A420.00 Coxsackie viral meningitis 
A421.00 ECHO viral meningitis 
A42y.00 Other specified viral meningitis 
A42z.00 Viral meningitis NOS 
A4y..00 Other enterovirus diseases of central nervous system 
A4y0.00 Enteroviral encephalitis 
A4y1.00 Enteroviral exanthematous fever 
A4z..00 Non-arthropod-borne viral dis.central nervous system OS/NOS 
A4z1.00 Adenoviral meningitis 
A4zy.00 Other specified non-arthropod-borne viral disease of the CNS 
A4zy500 Adenoviral encephalitis 
A4zyz00 Other specified non-arthropod-borne viral disease of CNS NOS 
A4zz.00 Non-arthropod-borne viral diseases of CNS NOS 
A4zz.11 Viral encephalitis NOS 
A5...00 Viral diseases with exanthem 
A54..11 Herpes simplex viral infection 
A541400 Herpesviral infection of perianal skin and rectum 
A541500 Anogenital herpesviral infection 
A54x300 Herpesviral vesicular dermatitis 
A57..00 Other viral exanthemata 
A57y.00 Other specified viral exanthemata 
A57yz00 Other specified viral exanthemata NOS 
A57z.00 Other viral exanthemata NOS 
A57z.11 Non specific viral rash 
A5y..00 Other specified viral diseases with exanthemata 
A5z..00 Viral diseases with exanthemata NOS 
A6...00 Arthropod-borne viral diseases 
A62..00 Mosquito-borne viral encephalitis 
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A625.00 California viral encephalitis 
A626.00 Rocio virus disease 
A62y.11 Ilheus virus encephalitis 
A63..00 Tick-borne viral encephalitis 
A63yz00 Other tick-borne viral encephalitis NOS 
A64..00 Viral encephalitis from other arthropods 
A663E00 Disease due to West Nile virus 
A6z..00 Arthropod-borne viral disease NOS 
A7...00 Other viral and chlamydial diseases 
A70..00 Viral hepatitis 
A700.00 Viral hepatitis A with coma 
A701.00 Viral (infectious) hepatitis A 
A702.00 Viral hepatitis B with coma 
A703.00 Viral (serum) hepatitis B 
A704.00 Other specified viral hepatitis with coma 
A704000 Viral hepatitis C with coma 
A704z00 Other specified viral hepatitis with hepatic coma NOS 
A705.00 Other specified viral hepatitis without coma 
A705000 Viral hepatitis C without mention of hepatic coma 
A705z00 Other specified viral hepatitis without mention of coma NOS 
A706.00 Unspecified viral hepatitis with coma 
A707.00 Chronic viral hepatitis 
A707000 Chronic viral hepatitis B with delta-agent 
A707100 Chronic viral hepatitis B without delta-agent 
A707200 Chronic viral hepatitis C 
A707300 Chronic viral hepatitis B 
A707X00 Chronic viral hepatitis, unspecified 
A708.00 Viral hepatitis with hepatic coma 
A709.00 Viral hepatitis without hepatic coma 
A70z.00 Unspecified viral hepatitis 
A70z100 Acute viral hepatitis NOS 
A74..00 Specific diseases due to coxsackie virus 
A74y.00 Other specified coxsackie virus disease 
A74z.00 Coxsackie viral diseases NOS 
A750.00 Gammaherpesviral mononucleosis 
A751.00 Cytomegaloviral mononucleosis 
A77..00 Other disease conjunctiva due to viruses and chlamydiae NEC 
A772.00 Viral pharyngoconjunctivitis 
A773.00 Other adenoviral conjunctivitis 
A776.00 Keratoconjunctivitis due to adenovirus 
A777.00 Conjunctivitis due to adenovirus 
A77X.00 Viral conjunctivitis, unspecified 
A77y.00 Other viral conjunctivitis 
A77z.00 Viral or chlamydial conjunctivitis NOS 
A77z.11 Viral conjunctivitis 
A78..00 Other viral or chlamydial diseases 



289 
 

A781.00 Viral warts 
A781z00 Unspecified viral warts 
A785.11 Salivary gland virus disease 
A785000 Cytomegaloviral pneumonitis 
A785100 Cytomegaloviral pancreatitis 
A785200 Cytomegaloviral hepatitis 
A785X00 Cytomegaloviral disease, unspecified 
A787.00 Arenaviral haemorrhagic fever 
A789100 HIV disease resulting in cytomegaloviral disease 
A78B.11 Hantavirus cardio-pulmonary syndrome 
A78X.00 Unspecified viral haemorrhagic fever 
A78y.00 Other specified viral and chlamydial diseases 
A78yz00 Other specified viral and chlamydial diseases NOS 
A79..00 Specific viral infections 
A790.00 Adenovirus 
A791.00 ECHO virus 
A792.00 Coxsackie virus 
A793.00 Rhinovirus 
A794.00 Ebola virus disease 
A795.00 Coronavirus infection 
A796.00 Parvovirus infection 
A797.00 Papovavirus infection 
A798.00 Retrovirus infection 
A799.00 Cytomegalovirus infection 
A799.11 CMV - Cytomegalovirus infection 
A79A.00 Respiratory syncytial virus infection 
A79B.00 Human papilloma virus infection 
A79X.00 Enterovirus infection, unspecified 
A79y.00 Other specific viral infection 
A79y.11 Epstein-Barr virus 
A79z.00 Viral infection NOS 
A79z.11 Viral illness 
A7A..00 Viral carditis 
A7y..00 Other specified viral or chlamydial diseases 
A7y0.00 Viral agent as the cause of other diseases 
A7y0000 Coronavirus as cause of dis classified to other chapters 
A7y0100 Retrovirus as cause of diseases classified to other chapters 
A7y0200 Resp syncytial virus as cause of dis class to other chapters 
A7y0300 Reovirus as cause of diseases classified to other chapters 
A7y0400 Parvovirus as cause of diseases classified to oth chapters 
A7y0500 Papillomavirus as cause of diseases classif to oth chapters 
A7y0X00 Adenovirus/cause of diseases classified to other chapters 
A7z..00 Other viral or chlamydial disease NOS 
A821000 African tick virus 
A821100 India tick virus 
A821200 Kenya tick virus 
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AE20.00 Late effects of viral encephalitis 
AE23.00 Sequelae of viral hepatitis 
Ayu0E00 [X]Other viral enteritis 
Ayu0F00 [X]Viral intestinal infection, unspecified 
Ayu4G00 [X]Anogenital herpes viral infection, unspecified 
Ayu8.00 [X]Viral infections of the central nervous system 
Ayu8800 [X]Tick-borne viral encephalitis, unspecified 
Ayu8900 [X]Arthropod-borne viral encephalitis, unspecified 
Ayu8A00 [X]Other specified viral encephalitis 
Ayu8B00 [X]Unspecified viral encephalitis 
Ayu8C00 [X]Other viral meningitis 
Ayu8D00 [X]Viral meningitis, unspecified 
Ayu9800 [X]Unspecified viral haemorrhagic fever 
AyuA.00 [X]Viral infections characterized by skin and mucous membra 
AyuA000 [X]Other forms of herpesviral infections 
AyuA100 [X]Herpesviral infection, unspecified 
AyuAD00 [X]Oth specfd viral infectn charact/skin+mucocutaneous lesns 
AyuAE00 [X]Unspecifd viral infectn charact/skin+mucocutaneous lesion 
AyuB.00 [X]Viral hepatitis 
AyuB000 [X]Other specified acute viral hepatitis 
AyuB100 [X]Other chronic viral hepatitis 
AyuB200 [X]Chronic viral hepatitis, unspecified 
AyuB400 [X]Unspecified viral hepatitis without coma 
AyuC100 [X]HIV disease resulting in other viral infections 
AyuD.00 [X]Other viral diseases 
AyuD000 [X]Other cytomegaloviral diseases 
AyuD100 [X]Cytomegaloviral disease, unspecified 
AyuD600 [X]Other viral conjunctivitis 
AyuD700 [X]Viral conjunctivitis, unspecified 
AyuD800 [X]Retrovirus infections, not elsewhere classified 
AyuD900 [X]Other specified viral diseases 
AyuDA00 [X]Adenovirus infection, unspecified 
AyuDB00 [X]Enterovirus infection, unspecified 
AyuDD00 [X]Parvovirus infection, unspecified 
AyuDF00 [X]Other viral infections of unspecified site 
AyuDG00 [X]Viral infection, unspecified 
AyuJ900 [X]Sequelae of viral hepatitis 
AyuKN00 [X]Resp syncytial virus/cause/diseases classfd/oth chapters 
AyuKR00 [X]Papillomavirus/cause of diseases classified/oth chapters 
E2B0.00 Postviral depression 
F011.00 Meningitis due to viral organisms EC 
F011000 Meningitis due to coxsackie virus 
F011100 Meningitis due to ECHO virus 
F011200 Meningitis due to herpes zoster virus 
F011300 Meningitis due to herpes simplex virus 
F011400 Meningitis due to mumps virus 
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F011500 Meningitis due to lymphocytic choriomeningitis virus 
F011600 Meningitis due to adenovirus 
F011611 Adenovirus meningitis 
F011y00 Other viral meningitis 
F011z00 Meningitis - viral NOS 
F030.00 Encephalitis in viral disease EC 
F030300 Encephalitis due to arthropod-borne virus 
F030400 Encephalitis due to herpes simplex virus 
F030500 Encephalitis due to mumps virus 
F030700 Encephalitis due to cytomegalovirus 
F030711 Cytomegaloviral encephalitis 
F030800 Encephalitis due to influenza-specific virus not identified 
F030A00 Encephalitis due to influenza-virus identified 
F030z00 Encephalitis in viral disease NOS 
F286.12 Postviral fatigue syndrome 
F286.13 PVFS - Postviral fatigue syn 
F286.14 Post-viral fatigue syndrome 
F563500 Viral labyrinthitis 
Fyu0800 [X]Encephalitis,myelitis+encephalomyelitis/viral disease CE 
FyuN400 [X]Otitis externa in viral diseases classified elsewhere 
FyuP400 [X]Otitis media in viral diseases classified elsewhere 
G50z111 Viral pericarditis NOS 
Gyu5J00 [X]Myocarditis in viral diseases classified elsewhere 
H02..12 Viral sore throat NOS 
H024.00 Acute viral pharyngitis 
H036.00 Acute viral tonsillitis 
H040w00 Acute viral laryngitis unspecified 
H043.11 Viral epiglottitis 
H05z.12 Viral upper respiratory tract infection NOS 
H060B00 Acute bronchitis due to coxsackievirus 
H060C00 Acute bronchitis due to parainfluenza virus 
H060D00 Acute bronchitis due to respiratory syncytial virus 
H060E00 Acute bronchitis due to rhinovirus 
H060F00 Acute bronchitis due to echovirus 
H060w00 Acute viral bronchitis unspecified 
H061500 Acute bronchiolitis due to respiratory syncytial virus 
H061700 Acute bronchiolitis due to human metapneumovirus 
H20..00 Viral pneumonia 
H20..11 Chest infection - viral pneumonia 
H200.00 Pneumonia due to adenovirus 
H201.00 Pneumonia due to respiratory syncytial virus 
H202.00 Pneumonia due to parainfluenza virus 
H203.00 Pneumonia due to human metapneumovirus 
H20y.00 Viral pneumonia NEC 
H20z.00 Viral pneumonia NOS 
H270100 Influenza with pneumonia, influenza virus identified 
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H2A..00 Influenza due to Influenza A virus subtype H1N1 
Hyu0400 [X]Flu+oth respiratory manifestations,'flu virus identified 
Hyu0500 [X]Influenza+other manifestations,influenza virus identified 
Hyu0600 [X]Influenza+oth respiratory manifestatns,virus not identifd 
Hyu0700 [X]Influenza+other manifestations, virus not identified 
Hyu0800 [X]Other viral pneumonia 
Hyu0D00 [X]Pneumonia in viral diseases classified elsewhere 
J631.00 Hepatitis in viral diseases EC 
J631000 Hepatitis in coxsackie virus 
J631100 Hepatitis in cytomegalic inclusion virus 
J631500 Hepatitis in other viral disease 
J631z00 Hepatitis in viral diseases EC NOS 
L176.00 Other maternal viral dis. in pregnancy/childbirth/puerperium 
L176100 Other maternal viral disease in pregnancy - baby delivered 
L176300 Other maternal viral dis.in pregnancy-baby not yet delivered 
L176500 Viral hepatitis comp pregnancy, childbirth & the puerperium 
L253.00 Fetus with viral damage via mother 
N015.00 Arthropathy associated with other viral diseases 
N015000 Arthropathy with other viral disease, of unspecified site 
N015100 Arthropathy with other viral disease, of shoulder region 
N015200 Arthropathy with other viral disease, of upper arm 
N015300 Arthropathy with other viral disease, of forearm 
N015400 Arthropathy with other viral disease, of hand 
N015500 Arthropathy with other viral disease, of pelvic region/thigh 
N015600 Arthropathy with other viral disease, of lower leg 
N015700 Arthropathy with other viral disease, of ankle and foot 
N015x00 Arthropathy with other viral disease, of multiple sites 
N015y00 Arthropathy with other viral disease, of other spec site 
N015z00 Arthropathy associated with other viral disease NOS 
N241300 Viral myalgia 
R007400 [D]Postviral (asthenic) syndrome 
R007411 [D]Post viral debility 
ZV01700 [V]Contact with or exposure to other viral disease 
ZV01B00 [V]Contact with and exposure to viral hepatitis 
ZV73.00 [V]Special screening for viral diseases 
ZV73500 [V]Screening for other arthropod-borne viral disease 
ZV73512 [V]Screening for mosquito viral encephalitis 
ZV73y00 [V]Screening for other specified viral disease 
ZV73z00 [V]Screening for unspecified viral disease 
ZVu0K00 [X]Special screening examination for other viral diseases 

 

Upper Respiratory Tract Infection – AHDRecs and Medrecs 
medcode Description 
H0...00 Acute respiratory infections 
H00..00 Acute nasopharyngitis 
H00..11 Common cold 
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H00..12 Coryza - acute 
H00..13 Febrile cold 
H00..14 Nasal catarrh - acute 
H00..15 Pyrexial cold 
H00..16 Rhinitis - acute 
H01..00 Acute sinusitis 
H01..11 Sinusitis 
H010.00 Acute maxillary sinusitis 
H010.11 Antritis - acute 
H011.00 Acute frontal sinusitis 
H012.00 Acute ethmoidal sinusitis 
H013.00 Acute sphenoidal sinusitis 
H014.00 Acute rhinosinusitis 
H01y.00 Other acute sinusitis 
H01y000 Acute pansinusitis 
H01yz00 Other acute sinusitis NOS 
H01z.00 Acute sinusitis NOS 
H02..00 Acute pharyngitis 
H02..11 Sore throat NOS 
H02..12 Viral sore throat NOS 
H02..13 Throat infection - pharyngitis 
H020.00 Acute gangrenous pharyngitis 
H021.00 Acute phlegmonous pharyngitis 
H022.00 Acute ulcerative pharyngitis 
H023.00 Acute bacterial pharyngitis 
H023000 Acute pneumococcal pharyngitis 
H023100 Acute staphylococcal pharyngitis 
H023z00 Acute bacterial pharyngitis NOS 
H024.00 Acute viral pharyngitis 
H025.00 Allergic pharyngitis 
H02z.00 Acute pharyngitis NOS 
H03..00 Acute tonsillitis 
H03..11 Throat infection - tonsillitis 
H03..12 Tonsillitis 
H030.00 Acute erythematous tonsillitis 
H031.00 Acute follicular tonsillitis 
H032.00 Acute ulcerative tonsillitis 
H033.00 Acute catarrhal tonsillitis 
H034.00 Acute gangrenous tonsillitis 
H035.00 Acute bacterial tonsillitis 
H035000 Acute pneumococcal tonsillitis 
H035100 Acute staphylococcal tonsillitis 
H035z00 Acute bacterial tonsillitis NOS 
H036.00 Acute viral tonsillitis 
H037.00 Recurrent acute tonsillitis 
H03z.00 Acute tonsillitis NOS 
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H04..00 Acute laryngitis and tracheitis 
H040.00 Acute laryngitis 
H040000 Acute oedematous laryngitis 
H040100 Acute ulcerative laryngitis 
H040200 Acute catarrhal laryngitis 
H040300 Acute phlegmonous laryngitis 
H040400 Acute haemophilus influenzae laryngitis 
H040600 Acute suppurative laryngitis 
H040w00 Acute viral laryngitis unspecified 
H040x00 Acute bacterial laryngitis unspecified 
H040z00 Acute laryngitis NOS 
H041.00 Acute tracheitis 
H041000 Acute tracheitis without obstruction 
H041100 Acute tracheitis with obstruction 
H041z00 Acute tracheitis NOS 
H042.00 Acute laryngotracheitis 
H042.11 Laryngotracheitis 
H042000 Acute laryngotracheitis without obstruction 
H042100 Acute laryngotracheitis with obstruction 
H042z00 Acute laryngotracheitis NOS 
H043.00 Acute epiglottitis (non strep) 
H043.11 Viral epiglottitis 
H043000 Acute epiglottitis without obstruction 
H043100 Acute epiglottitis with obstruction 
H043200 Acute obstructive laryngitis 
H043211 Croup 
H043z00 Acute epiglottitis NOS 
H044.00 Croup 
H04z.00 Acute laryngitis and tracheitis NOS 
H05..00 Other acute upper respiratory infections 
H050.00 Acute laryngopharyngitis 
H051.00 Acute upper respiratory tract infection 
H052.00 Pharyngotracheitis 
H053.00 Tracheopharyngitis 
H054.00 Recurrent upper respiratory tract infection 
H055.00 Pharyngolaryngitis 
H05y.00 Other upper respiratory infections of multiple sites 
H05z.00 Upper respiratory infection NOS 
H05z.11 Upper respiratory tract infection NOS 
H05z.12 Viral upper respiratory tract infection NOS 
H06..00 Acute bronchitis and bronchiolitis 
H060.00 Acute bronchitis 
H060.11 Acute wheezy bronchitis 
H060000 Acute fibrinous bronchitis 
H060100 Acute membranous bronchitis 
H060200 Acute pseudomembranous bronchitis 
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H060300 Acute purulent bronchitis 
H060400 Acute croupous bronchitis 
H060500 Acute tracheobronchitis 
H060600 Acute pneumococcal bronchitis 
H060700 Acute streptococcal bronchitis 
H060800 Acute haemophilus influenzae bronchitis 
H060900 Acute neisseria catarrhalis bronchitis 
H060A00 Acute bronchitis due to mycoplasma pneumoniae 
H060B00 Acute bronchitis due to coxsackievirus 
H060C00 Acute bronchitis due to parainfluenza virus 
H060D00 Acute bronchitis due to respiratory syncytial virus 
H060E00 Acute bronchitis due to rhinovirus 
H060F00 Acute bronchitis due to echovirus 
H060v00 Subacute bronchitis unspecified 
H060w00 Acute viral bronchitis unspecified 
H060x00 Acute bacterial bronchitis unspecified 
H060z00 Acute bronchitis NOS 
H061.00 Acute bronchiolitis 
H061000 Acute capillary bronchiolitis 
H061100 Acute obliterating bronchiolitis 
H061200 Acute bronchiolitis with bronchospasm 
H061300 Acute exudative bronchiolitis 
H061400 Obliterating fibrous bronchiolitis 
H061500 Acute bronchiolitis due to respiratory syncytial virus 
H061600 Acute bronchiolitis due to other specified organisms 
H061700 Acute bronchiolitis due to human metapneumovirus 
H061z00 Acute bronchiolitis NOS 
H062.00 Acute lower respiratory tract infection 
H06z.00 Acute bronchitis or bronchiolitis NOS 
H06z000 Chest infection NOS 
H06z011 Chest infection 
H06z100 Lower resp tract infection 
H06z111 Respiratory tract infection 
H06z112 Acute lower respiratory tract infection 
H06z200 Recurrent chest infection 
H07..00 Chest cold 
H0y..00 Other specified acute respiratory infections 
H0z..00 Acute respiratory infection NOS 
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E-6. Drug code list used to identify antibiotic prescriptions 
 

Antibiotic prescriptions – TherRecs 
drugcode Generic name of antibiotic 
29746978 Fosfomycin 3g granules sachets 
30965978 Nitrofurantoin 50mg tablets 
33963978 Erythromycin ethyl succinate 500mg tablets 
46465978 Nitrofurantoin 50mg capsules 
46821978 Gentamicin 360mg/120ml infusion bags 
46824978 Gentamicin 240mg/80ml infusion bags 
46893978 Gentamicin 20mg/2ml solution for injection vials 
46963978 Fosfomycin 3g granules sachets 
47505978 Fosfomycin 3g granules sachets 
52129979 Cefuroxime 50mg powder for solution for injection vials 
52155979 Flucloxacillin 250mg/5ml oral solution 
52156979 Flucloxacillin 125mg/5ml oral solution 
52234979 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
52243979 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
52326979 Rifaximin 550mg tablets 
52543979 Trimethoprim 100mg tablets 
52579979 Amoxicillin 250mg/5ml oral suspension sugar free 
52581979 Amoxicillin 250mg/5ml oral suspension sugar free 
52582979 Amoxicillin 125mg/5ml oral suspension 
52588979 Co-amoxiclav 400mg/57mg/5ml oral suspension sugar free 
52593979 Flucloxacillin 250mg/5ml oral solution 
52994979 Generic Voractiv tablets 
54516979 Metronidazole 200mg/5ml oral suspension 
54575979 Tetracycline 125mg/5ml oral solution 
54708979 Fosfomycin 3g granules sachets 
55595979 Lymecycline 408mg capsules 
55596979 Lymecycline 408mg capsules 
55975979 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
55976979 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
58131979 Fidaxomicin 200mg tablets 
58548979 Rifaximin 550mg tablets 
59159978 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
59438979 Azithromycin 200mg/5ml oral suspension 
60138979 Metronidazole 400mg tablets 
60147979 Flucloxacillin 250mg/5ml oral solution 
60148979 Flucloxacillin 125mg/5ml oral solution 
60688979 Lymecycline 408mg capsules 
61441979 Ciprofloxacin 750mg tablets 
61452979 Amoxicillin 500mg capsules 
61457979 Phenoxymethylpenicillin 250mg tablets 
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61676979 Levofloxacin 500mg/100ml infusion bags 
63141979 Flucloxacillin 125mg/5ml oral solution 
65217979 Rifampicin 100mg/5ml oral suspension 
66553979 Oxytetracycline 125mg/5ml oral suspension 
68617978 Demeclocycline 150mg capsules 
71174979 Ciprofloxacin 400mg/200ml solution for infusion bottles 
72784978 Fosfomycin 2g powder for solution for infusion vials 
73305978 Bedaquiline 100mg tablets 
76900978 Nitrofurantoin 50mg capsules 
78597978 Vancomycin 500mg powder for solution for infusion vials 
78600978 Erythromycin ethyl succinate 125mg/5ml oral suspension 
78653979 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
78654979 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
78929979 Ciprofloxacin 400mg/200ml solution for infusion bottles 
78930979 Ciprofloxacin 400mg/200ml solution for infusion bottles 
79820979 Isoniazid 50mg/5ml oral solution 
79822979 Isoniazid 50mg/5ml oral solution 
80602979 Clindamycin 75mg/5ml oral suspension 
81149998 Tobramycin 28mg inhalation powder capsules with device 
81150998 Tobramycin 28mg inhalation powder capsules with device 
81244998 Rifaximin 200mg tablets 
81719998 Minocycline 100mg modified-release capsules 
81740998 Clarithromycin 500mg modified-release tablets 
81876998 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
81877998 Co-trimoxazole 80mg/400mg tablets 
82059998 Benzylpenicillin 1.2g powder for solution for injection vials 
82060998 Benzylpenicillin 600mg powder for solution for injection vials 
82074998 Aztreonam 75mg powder and solvent for nebuliser solution vials with device 
82085998 Aztreonam 75mg powder and solvent for nebuliser solution vials with device 
82201978 Ceftriaxone 2g powder for solution for injection vials 
82240978 Ceftriaxone 2g powder for solution for injection vials 
82529998 Rifaximin 200mg tablets 
82563978 Flucloxacillin 125mg/5ml oral solution 
82592998 Flucloxacillin 125mg/5ml oral solution 
82593998 Flucloxacillin 250mg/5ml oral solution 
82660998 Cefalexin 500mg/5ml oral suspension 
82661998 Cefalexin 250mg/5ml oral suspension 
82662978 Flucloxacillin 125mg/5ml oral solution 
82662998 Cefalexin 125mg/5ml oral suspension 
82663998 Cefalexin 500mg capsules 
82664998 Cefalexin 250mg capsules 
82665998 Cefalexin 500mg tablets 
82666998 Cefalexin 250mg tablets 
82730998 Doxycycline 40mg modified-release capsules 
82732998 Doxycycline 40mg modified-release capsules 
82935998 Flucloxacillin 500mg capsules 
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82936998 Flucloxacillin 250mg capsules 
83061998 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
83062998 Erythromycin ethyl succinate 500mg/5ml oral suspension sugar free 
83063998 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
83064998 Erythromycin ethyl succinate 500mg tablets 
83065998 Erythromycin stearate 500mg tablets 
83066998 Erythromycin stearate 250mg tablets 
83215998 Tobramycin 300mg/4ml nebuliser liquid ampoules 
83216998 Tobramycin 300mg/4ml nebuliser liquid ampoules 
83265978 Amoxicillin 250mg/5ml oral suspension sugar free 
83268978 Amoxicillin 125mg/5ml oral suspension 
83269978 Amoxicillin 125mg/5ml oral suspension sugar free 
83390978 Colistimethate 1,662,500unit inhalation powder capsules 
83391978 Colistimethate 1,662,500unit inhalation powder capsules 
83454998 Rifampicin 150mg / Isoniazid 100mg tablets 
83455998 Rifampicin 300mg / Isoniazid 150mg tablets 
83472998 Clarithromycin 250mg/5ml oral suspension 
83474998 Clarithromycin 125mg/5ml oral suspension 
83543998 Azithromycin 500mg tablets 
83940998 Metronidazole 200mg/5ml oral suspension 
83975998 Tobramycin 80mg/2ml solution for injection vials 
84062998 Ciprofloxacin 400mg/200ml solution for infusion bottles 
84063998 Ciprofloxacin 200mg/100ml solution for infusion bottles 
84355998 Ampicillin 250mg/5ml oral suspension 
84356998 Ampicillin 125mg/5ml oral suspension 
84563998 Trimethoprim 50mg/5ml oral suspension sugar free 
84614998 Moxifloxacin 400mg/250ml solution for infusion bottles 
84864998 Ofloxacin 200mg/100ml solution for infusion bottles 
84865998 Ofloxacin 200mg/100ml solution for infusion bottles 
85035998 Clindamycin oral liquid 
85191998 Tobramycin 240mg/6ml solution for injection vials 
85192998 Tobramycin 80mg/2ml solution for injection vials 
85193998 Tobramycin 40mg/1ml solution for injection vials 
85194998 Erythromycin 1g powder for solution for infusion vials 
85251979 Tobramycin 40mg/1ml solution for injection vials 
85280998 Cefuroxime (as axetil) 500mg tablets 
85293998 Daptomycin 500mg powder for solution for infusion vials 
85340998 Clindamycin 600mg/4ml solution for injection ampoules 
85341998 Clindamycin 300mg/2ml solution for injection ampoules 
85408998 Azithromycin 250mg capsules 
85726998 Gentamicin 80mg/2ml solution for injection ampoules 
85727998 Gentamicin 40mg/1ml solution for injection ampoules 
85938998 Vancomycin 500mg powder for solution for infusion vials 
85940998 Ceftazidime 1g powder for solution for injection vials 
85943998 Cefalexin 250mg/5ml oral suspension 
85944998 Cefalexin 125mg/5ml oral suspension 
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85945998 Cefalexin 500mg capsules 
85946998 Cefalexin 250mg capsules 
85947998 Cefalexin 500mg tablets 
85948998 Cefalexin 250mg tablets 
85949998 Cefaclor 500mg capsules 
85950998 Cefaclor 250mg/5ml oral suspension 
85951998 Cefaclor 125mg/5ml oral suspension 
85952998 Cefaclor 375mg modified-release tablets 
86032998 Tigecycline 50mg powder for solution for infusion vials 
86033998 Tigecycline 50mg powder for solution for infusion vials 
86034998 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
86035998 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
86036998 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
86037998 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
86055998 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
86056998 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
86166998 Daptomycin 350mg powder for solution for infusion vials 
86167998 Daptomycin 350mg powder for solution for infusion vials 
86181998 Vancomycin 125mg capsules 
86257979 Tobramycin 80mg/2ml solution for injection vials 
86390998 Minocycline 100mg modified-release capsules 
86418998 Temocillin 1g injection (powder for reconstitution) 
86472998 Rifampicin 150mg capsules 
86473998 Clarithromycin 250mg granules 
86474998 Clarithromycin 187.5mg granules 
86475998 Clarithromycin 125mg granules 
86476998 Clarithromycin 250mg granules straws 
86477998 Clarithromycin 187.5mg granules straws 
86478998 Clarithromycin 125mg granules straws 
86674998 Rifampicin 300mg capsules 
86675998 Ampicillin 250mg capsules 
86712998 Metronidazole 500mg/100ml infusion 100ml bags 
86713998 Metronidazole 500mg/100ml infusion 100ml bags 
86714998 Metronidazole 100mg/20ml solution for infusion ampoules 
86740998 Pyrazinamide 500mg tablets 
86753998 Minocycline 100mg modified-release capsules 
86777998 Ampicillin 500mg capsules 
86912998 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
86913998 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
86914998 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
86915998 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
87034998 Trimethoprim with sulfamethoxazole 160mg + 800mg/10ml concentrate for 

solution for infusion 
87036998 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
87038998 Co-trimoxazole 160mg/800mg/10ml solution for infusion ampoules 
87039998 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
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87274998 Cefuroxime 1.5g with 500mg infusion 
87362998 Gentamicin 80mg/2ml solution for injection ampoules 
87506998 Erythromycin 250mg gastro-resistant capsules 
87657998 Cefalexin 125mg/5ml oral suspension sugar free 
87658998 Cefalexin 250mg/5ml oral suspension sugar free 
87679998 Ciprofloxacin 200mg/100ml solution for infusion bottles 
87680998 Ciprofloxacin 100mg/50ml solution for infusion bottles 
87681998 Ciprofloxacin 400mg/200ml solution for infusion bottles 
87682998 Ciprofloxacin 200mg/100ml solution for infusion bottles 
87683998 Ciprofloxacin 100mg/50ml solution for infusion bottles 
87689998 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
87690998 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
87691998 Co-trimoxazole 160mg/800mg tablets 
87693998 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
87694998 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
87695998 Co-trimoxazole 160mg/800mg tablets 
87696998 Co-trimoxazole 80mg/400mg tablets 
87959998 Minocycline 100mg modified-release capsules 
88030998 Doxycycline 50mg capsules 
88222998 Cefaclor 250mg/5ml oral suspension 
88231997 Erythromycin ethyl succinate 250mg/5ml oral suspension 
88244997 Grepafloxacin 600mg tablet 
88244998 Grepafloxacin 400mg tablet 
88245996 Cefaclor 125mg/5ml oral suspension 
88245997 Cefaclor 500mg capsules 
88245998 Cefaclor 250mg capsules 
88249998 Levofloxacin 500mg/100ml solution for infusion vials 
88254998 Levofloxacin 500mg/100ml infusion bags 
88261997 Levofloxacin 500mg tablets 
88261998 Levofloxacin 250mg tablets 
88267997 Levofloxacin 500mg tablets 
88267998 Levofloxacin 250mg tablets 
88271998 Doxycycline 50mg capsules 
88378997 Clarithromycin 250mg/5ml oral suspension 
88378998 Clarithromycin 250mg granules sachets 
88392997 Cefradine 500mg capsules 
88392998 Cefradine 250mg capsules 
88431998 Doxycycline 100mg capsules 
88536998 Co-amoxiclav 250mg/125mg tablets 
88548996 Flucloxacillin 125mg/5ml oral suspension 
88548997 Flucloxacillin 500mg capsules 
88548998 Flucloxacillin 250mg capsules 
88549996 Ampicillin 125mg/5ml oral suspension 
88549998 Ampicillin 250mg capsules 
88556997 Amoxicillin 500mg capsules 
88556998 Amoxicillin 250mg capsules 
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88557996 Amoxicillin 125mg/5ml sugar free suspension 
88557997 Amoxicillin 250mg/5ml syrup 
88557998 Amoxicillin 125mg/5ml syrup 
88708998 Clindamycin 600mg/4ml solution for injection ampoules 
88818998 Cefaclor 250mg/5ml oral suspension sugar free 
88962998 Spiramycin 500mg tablet 
89009998 Demeclocycline 150mg capsules 
89025998 Linezolid 100mg/5ml oral suspension 
89041997 Cefotaxime 2g powder for solution for injection vials 
89041998 Cefotaxime 1g powder for solution for injection vials 
89122998 Ciprofloxacin 400mg/200ml solution for infusion bottles 
89177998 Amoxicillin 250mg capsules 
89246998 Clarithromycin 500mg modified-release tablets 
89252996 Cefprozil 250mg/5ml oral suspension 
89252997 Cefprozil 500mg tablets 
89252998 Cefprozil 250mg tablets 
89348998 Tobramycin 300mg/5ml nebuliser liquid ampoules 
89354998 Colistimethate 1million unit powder for nebuliser solution unit dose vials 
89356998 Moxifloxacin 400mg tablets 
89361998 Moxifloxacin 400mg tablets 
89421998 Erythromycin 250mg/5ml sugar free suspension 
89423998 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
89452996 Cefaclor 125mg/5ml oral suspension sugar free 
89452997 Cefaclor 500mg capsules 
89452998 Cefaclor 250mg capsules 
89520998 Flucloxacillin 250mg capsules 
89630996 Erythromycin ethyl succinate 500mg/5ml oral suspension 
89630997 Erythromycin ethyl succinate 250mg/5ml oral suspension 
89630998 Erythromycin ethyl succinate 125mg/5ml oral suspension 
89653998 Ertapenem 1g powder for solution for infusion vials 
89654998 Ertapenem 1g powder for solution for infusion vials 
89786998 Metronidazole 500mg tablets 
89889997 Amoxicillin 250mg/5ml sugar free suspension 
89889998 Amoxicillin 125mg/5ml sugar free suspension 
90028997 Cefalexin 250mg/5ml syrup 
90028998 Cefalexin 125mg/5ml syrup 
90029996 Cefalexin 500mg tablets 
90029997 Cefalexin 500mg capsules 
90029998 Cefalexin 250mg capsules 
90032979 Nitrofurantoin 25mg/5ml oral suspension sugar free 
90220979 Clindamycin 75mg/5ml oral solution 
90360979 Gentamicin 80mg/2ml solution for injection vials 
90362979 Gentamicin 80mg/2ml solution for injection vials 
90371979 Gentamicin 80mg/2ml solution for injection ampoules 
90373979 Gentamicin 80mg/2ml solution for injection ampoules 
90499996 Erythromycin 500mg/5ml sugar free suspension 
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90499997 Erythromycin 250mg/5ml sugar free suspension 
90499998 Erythromycin 125mg/5ml sugar free suspension 
90567998 Erythromycin ethyl succinate 500mg/5ml oral suspension sugar free 
90802998 Nystatin with metronidazole 100,000iu with 400mg vaginal insert and tablet 
90803998 Metronidazole 400mg tablets and nystatin 100,000unit pessaries 
90844998 Erythromycin 250mg gastro-resistant capsules 
90856997 Benzylpenicillin 1.2g powder for solution for injection vials 
90856998 Benzylpenicllin 6g/vial injection 
90862997 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
90862998 Phenoxymethylpenicillin 125mg/5ml oral solution 
90863997 Phenoxymethylpenicillin 62.5mg/5ml oral solution 
90863998 Phenoxymethylpenicillin 250mg capsule 
90864997 Phenoxymethylpenicillin 250mg tablets 
90864998 Phenoxymethylpenicillin 125mg tablet 
90961998 Cefaclor 375mg modified-release tablets 
91014998 Co-amoxiclav 400mg/57mg/5ml oral suspension sugar free 
91166998 Phenoxymethylpenicillin 250mg tablets 
91225998 Ciprofloxacin 400mg/200ml solution for infusion bottles 
91260996 Benzylpeniciilin 250mg/5ml oral solution 
91260997 Benzylpenicillin 125mg/5ml oral solution 
91260998 Benzylpeniciilin 250mg tablets 
91308998 Minocycline 100mg tablets 
91365998 Imipenem 500mg / cilastatin 500mg powder for suspension for injection vials 
91366998 Imipenem & cilastatin 500mg+500mg intramuscular injection (pdr for recon) 
91439996 Meropenem 1g powder for solution for injection vials 
91439997 Meropenem 500mg powder for solution for injection vials 
91439998 Meropenem 250mg injection 
91440996 Meropenem 1g powder for solution for injection vials 
91440997 Meropenem 500mg powder for solution for injection vials 
91561996 Cefprozil 250mg/5ml oral suspension 
91561997 Cefprozil 500mg tablets 
91561998 Cefprozil 250mg tablets 
91577990 Clarithromycin 500mg tablets 
91630998 Doxycycline 100mg dispersible tablets sugar free 
91648998 Colistimethate 1million unit powder for nebuliser solution unit dose vials 
91725990 Trimethoprim 50mg/5ml oral suspension sugar free 
91882998 Colistimethate 2million unit powder for solution for injection vials 
91885998 Colistimethate 2million unit powder for solution for injection vials 
91886998 Colistimethate 1million unit powder for solution for injection vials 
91987998 Linezolid 100mg/5ml oral suspension 
92031990 Co-amoxiclav 500mg/125mg tablets 
92036998 Metronidazole 500mg/100ml infusion 100ml bags 
92077998 Cefalexin 500mg capsules 
92104998 Erythromycin 250mg gastro-resistant capsules 
92120990 Nalidixic acid 300mg/5ml oral suspension 
92167998 Colistimethate 1million unit powder for solution for injection vials 
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92239990 Flucloxacillin 125mg/5ml oral solution 
92247998 Telithromycin 400mg tablets 
92248998 Telithromycin 400mg tablets 
92308990 Flucloxacillin 250mg/5ml oral solution 
92309990 Flucloxacillin 125mg/5ml oral solution 
92340996 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
92340998 Co-amoxiclav 250mg/125mg tablets 
92362998 Doxycycline 100mg capsules 
92368990 Trimethoprim 50mg/5ml oral suspension sugar free 
92455990 Amoxicillin 500mg capsules 
92456990 Amoxicillin 250mg capsules 
92481998 Compound tetracycline 300mg tablets 
92495996 Clarithromycin 250mg/5ml oral suspension 
92495997 Clarithromycin 250mg granules sachets 
92495998 Clarithromycin 500mg modified-release tablets 
92531996 Ceftazidime 2g powder for solution for injection vials 
92531997 Ceftazidime 1g powder for solution for injection vials 
92531998 Ceftazidime 500mg powder for solution for injection vials 
92552990 Co-trimoxazole 80mg/400mg tablets 
92601997 Minocycline 100mg tablets 
92601998 Minocycline 50mg tablets 
92605990 Azithromycin 250mg capsules 
92613997 Doxycycline 50mg capsules 
92613998 Doxycycline 50mg capsules 
92631990 Clarithromycin 500mg tablets 
92634996 Ceftibuten 180mg/5ml suspension 
92634997 Ceftibuten 90mg/5ml suspension 
92634998 Ceftibuten 400mg capsules 
92635996 Ceftibuten 180mg/5ml oral suspension 
92635997 Ceftibuten 90mg/5ml oral suspension 
92635998 Ceftibuten 400mg capsules 
92661990 Azithromycin 200mg/5ml oral suspension 
92765990 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
92775990 Doxycycline 100mg capsules 
92798990 Azithromycin 200mg/5ml oral suspension 
92806998 Metronidazole 200mg/5ml oral suspension 
92816997 Fosfomycin 2g sachets 
92816998 Fosfomycin 3g granules sachets 
92817997 Fosfomycin trometamol 2g/sachet granules 
92817998 Fosfomycin 3g granules sachets 
92854997 Minocycline 100mg capsules 
92854998 Minocycline 50mg capsules 
92856997 Doxycycline 50mg capsules 
92856998 Doxycycline 100mg capsules 
92877998 Rifabutin 150mg capsules 
92878998 Rifabutin 150mg capsules 
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92883998 Clarithromycin 500mg powder for solution for infusion vials 
92884998 Clarithromycin 500mg powder for solution for infusion vials 
92931998 Minocycline 50mg tablets 
92940998 Trimethoprim 200mg tablets 
92973998 Ampicillin 250mg injection (powder for reconstitution) 
92974997 Flucloxacillin 125mg/5ml oral solution 
92974998 Flucloxacillin 500mg injection (powder for reconstitution) 
92990990 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
92991990 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
92997990 Azithromycin 500mg tablets 
93003992 Erythromycin 250mg/5ml sugar free suspension 
93024998 Minocycline 2% dental gel sugar free 
93030998 Cefuroxime with saline 750mg infusion 
93040990 Amoxicillin 250mg/5ml oral suspension sugar free 
93041990 Amoxicillin 125mg/5ml oral suspension sugar free 
93079996 Ciprofloxacin 250mg/5ml oral suspension 
93079997 Ciprofloxacin 100mg tablets 
93079998 Ciprofloxacin 750mg tablets 
93080996 Ciprofloxacin 250mg/5ml oral suspension 
93080997 Ciprofloxacin 100mg tablets 
93080998 Ciprofloxacin 750mg tablets 
93101990 Cefalexin 500mg tablets 
93108997 Piperacillin 4g / Tazobactam 500mg powder for solution for injection vials 
93108998 Piperacillin 2g / Tazobactam 250mg powder for solution for injection vials 
93109997 Piperacillin 4g / Tazobactam 500mg powder for solution for injection vials 
93109998 Piperacillin 2g / Tazobactam 250mg powder for solution for injection vials 
93147997 Erythromycin ethylsuccinate 250mg sachets 
93147998 Erythromycin ethylsuccinate 125mg sachets 
93150998 Procaine benzylpenicillin injection 
93171990 Azithromycin 250mg tablets 
93177990 Azithromycin 500mg tablets 
93193998 Cefuroxime 1.5g powder for injection vials 
93205996 Tobramycin 300mg/5ml nebuliser liquid ampoules 
93205997 Tobramycin 40mg/1ml solution for injection vials 
93205998 Tobramycin 10mg/ml injection 
93213998 Co-fluampicil 500mg with 500mg injection 
93214996 Co-fluampicil 250mg/250mg powder for solution for injection vials 
93214997 Co-fluampicil 125mg/125mg/5ml oral suspension 
93214998 Co-fluampicil 250mg/250mg capsules 
93224996 Co-amoxiclav 400mg/57mg/5ml oral suspension sugar free 
93224997 Co-amoxiclav 500mg/125mg tablets 
93224998 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
93225996 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
93225997 Co-amoxiclav 250mg/125mg dispersible tablets sugar free 
93225998 Co-amoxiclav 250mg/125mg tablets 
93245997 Cefixime 100mg/5ml paediatric suspension 
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93245998 Cefixime 200mg tablets 
93246997 Cefixime 100mg/5ml oral suspension 
93246998 Cefixime 200mg tablets 
93253992 Amoxicillin 125mg/5ml oral suspension sugar free 
93255998 Norfloxacin 400mg tablets 
93256998 Norfloxacin 400mg tablets 
93260998 Vancomycin 500mg powder for solution for infusion vials 
93276992 Chlortetracycline hyd./demeclocycline hy 115.4 mg tab 
93305992 Isoniazid 150 mg tab 
93316992 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
93317992 Erythromycin sf sach 250 mg 
93350990 Metronidazole 200mg tablets 
93372996 Amoxicillin 125mg/5ml oral suspension sugar free 
93372997 Amoxicillin 500mg capsules 
93372998 Amoxicillin 250mg capsules 
93375998 Amoxicillin 250mg/5ml oral suspension sugar free 
93377996 Amoxicillin 125mg/5ml oral suspension sugar free 
93377997 Amoxicillin 500mg capsules 
93377998 Amoxicillin 250mg capsules 
93393992 Cephradine 250 mg inj 
93398992 Dapsone 5 mg tab 
93404998 Amoxicillin 250mg/5ml oral suspension sugar free 
93405992 Pipril 2 mg inj 
93406992 Pyrazinamide 50 mg tab 
93407996 Amoxicillin 125mg/5ml sugar free suspension 
93407997 Amoxicillin 500mg capsules 
93407998 Amoxicillin 250mg capsules 
93446998 Amoxicillin 250mg/5ml oral suspension sugar free 
93465998 Amoxicillin 250mg capsules 
93484992 Doxycycline 100mg capsules 
93529997 Cefalexin 500mg capsules 
93529998 Cefalexin 250mg capsules 
93533998 Cefalexin 1g tablets 
93534998 Cefalexin 1g tablets 
93552997 Ofloxacin 400mg tablets 
93552998 Ofloxacin 200mg tablets 
93554997 Ofloxacin 400mg tablets 
93554998 Ofloxacin 200mg tablets 
93556998 Benzylpenicillin sodium with procaine benzylpenicillin injection 
93564998 Procaine benzylpenicillin with benzylpenicillin sodium injection 
93588990 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
93591990 Amoxicillin 250mg/5ml oral suspension sugar free 
93592990 Amoxicillin 125mg/5ml oral suspension sugar free 
93594998 Metronidazole 200mg/5ml oral suspension 
93601997 Temocillin 1g powder for solution for injection vials 
93602997 Temocillin 1g injection (powder for reconstitution) 
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93603997 Teicoplanin 400mg powder and solvent for solution for injection vials 
93603998 Teicoplanin 200mg powder and solvent for solution for injection vials 
93604997 Teicoplanin 400mg powder and solvent for solution for injection vials 
93604998 Teicoplanin 200mg powder and solvent for solution for injection vials 
93629992 Benethamine penicillin g /pen.g sodium/ 475 mg inj 
93686992 Amoxicillin 250mg capsules 
93707992 Deteclo 75 mg syr 
93711992 Oxytetracycline 250mg tablets 
93737992 benzylpenicillin sodium  3g inj 
93757998 Nalidixic acid 300mg/5ml suspension 
93776996 Ceftriaxone 2g powder for solution for injection vials 
93776997 Ceftriaxone 1g powder for solution for injection vials 
93776998 Ceftriaxone 250mg powder for solution for injection vials 
93786990 Phenoxymethylpenicillin 250mg tablets 
93838979 Levofloxacin 500mg/100ml infusion bags 
93849997 Co-amoxiclav 1000mg/200mg powder for solution for injection vials 
93849998 Co-amoxiclav 500mg/100mg powder for solution for injection vials 
93856990 Clarithromycin 250mg/5ml oral suspension 
93857990 Clarithromycin 125mg/5ml oral suspension 
93865990 Trimethoprim 200mg tablets 
93870979 Ciprofloxacin 250mg tablets 
93874992 Flagyl gel 
93890990 Phenoxymethylpenicillin 250mg tablets 
93891979 Ciprofloxacin 500mg tablets 
93901997 Cefaclor 375mg modified-release tablets 
93901998 Cefaclor 500mg modified release tablets 
93910979 Nitrofurantoin 25mg/5ml oral suspension sugar free 
93911979 Nitrofurantoin 25mg/5ml oral suspension sugar free 
93914990 Erythromycin 250mg gastro-resistant capsules 
93918979 Nitrofurantoin 50mg tablets 
93922979 Metronidazole 500mg tablets 
93923998 Doxycycline 100mg capsules 
93929979 Metronidazole 500mg/100ml infusion 100ml bags 
93936997 Metronidazole 1g suppositories 
93938998 Oxytetracycline 250mg tablets 
93955979 Rifampicin 300mg / Isoniazid 150mg tablets 
93957998 Co-trimoxazole 480mg tablets 
93981979 Ethambutol 400mg tablets 
93982992 Sulphamethazine mix 
93986992 Tetracycline hcl/pancreatic concentrate cap 
93987992 Tetracycline hydrochloride/amphotericin syr 
93989979 Trimethoprim 50mg/5ml oral suspension sugar free 
93990979 Trimethoprim 50mg/5ml oral suspension sugar free 
93991979 Trimethoprim 50mg/5ml oral suspension sugar free 
93992979 Trimethoprim 200mg tablets 
94000979 Trimethoprim 100mg tablets 



307 
 

94007992 Ledermycin drops 60 mg 
94009979 Ciprofloxacin 750mg tablets 
94023990 Ciprofloxacin 500mg tablets 
94027990 Co-amoxiclav 250mg/125mg tablets 
94050979 Clindamycin 150mg capsules 
94054990 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
94055990 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
94059979 Azithromycin 500mg tablets 
94065979 Azithromycin 200mg/5ml oral suspension 
94068992 Amoxicillin 500mg capsules 
94069979 Azithromycin 250mg capsules 
94069992 Amoxycillin 125 mg cap 
94070990 Amoxicillin 250mg/5ml oral suspension sugar free 
94071990 Amoxicillin 125mg/5ml oral suspension 
94073990 Amoxicillin 500mg capsules 
94079992 Bactrim paed 120 mg tab 
94086979 Clarithromycin 500mg tablets 
94091979 Clarithromycin 500mg tablets 
94094979 Clarithromycin 500mg tablets 
94100979 Clarithromycin 500mg powder for solution for infusion vials 
94102979 Clarithromycin 125mg/5ml oral suspension 
94107979 Clarithromycin 125mg/5ml oral suspension 
94108979 Clarithromycin 125mg/5ml oral suspension 
94109979 Clarithromycin 250mg tablets 
94113990 Phenoxymethylpenicillin 250mg tablets 
94119992 Co-trimoxazole 800 mg tab 
94126992 Crystapen v 250 mg tab 
94128992 benzylpenicillin sodium  6g inj 
94129992 Benzylpenicillin - penicillin g 300mg injection 
94131979 Erythromycin ethyl succinate 125mg/5ml oral suspension 
94134979 Erythromycin 250mg gastro-resistant capsules 
94137979 Erythromycin 250mg gastro-resistant capsules 
94142979 Erythromycin ethyl succinate 250mg/5ml oral suspension 
94143979 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
94146979 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
94147979 Erythromycin stearate 500mg tablets 
94148979 Erythromycin 500mg tablets 
94148998 Capreomycin 1g powder for solution for injection vials 
94149979 Erythromycin stearate 500mg tablets 
94151979 Erythromycin stearate 500mg tablets 
94151990 Clarithromycin 250mg/5ml oral suspension 
94152979 Erythromycin stearate 500mg tablets 
94152990 Clarithromycin 125mg/5ml oral suspension 
94153992 Erycen 250 mg sus 
94154979 Erythromycin stearate 500mg tablets 
94154990 Flucloxacillin 500mg capsules 
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94155979 Erythromycin stearate 250mg tablets 
94155990 Flucloxacillin 250mg capsules 
94157996 Benzylpenicillin 3g/vial injection 
94157997 Benzylpenicillin 600mg powder for solution for injection vials 
94157998 Benzylpenicillin 300mg/vial injection 
94159979 Erythromycin ethyl succinate 500mg tablets 
94160979 Erythromycin ethyl succinate 500mg tablets 
94168997 Cycloserine 250mg capsules 
94168998 Cycloserine 125mg capsules 
94174990 Cefalexin 250mg capsules 
94181979 Oxytetracycline 250mg tablets 
94185990 Clarithromycin 250mg tablets 
94189990 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
94190990 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
94208992 Keflex-c 125 mg tab 
94212979 Doxycycline 100mg capsules 
94213979 Doxycycline 100mg capsules 
94215990 Erythromycin ethyl succinate 500mg/5ml oral suspension sugar free 
94216990 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
94233990 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
94234990 Phenoxymethylpenicillin 125mg/5ml oral solution 
94241979 Cefalexin 250mg/5ml oral suspension sugar free 
94242992 Mycifradin sterile pwdr 350 mg pow 
94256979 Cefalexin 500mg capsules 
94258979 Cefalexin 250mg capsules 
94264979 Cefuroxime 125mg/sachet granules 
94265979 Cefuroxime 125mg granules sachets 
94277997 Flucloxacillin 500mg capsules 
94277998 Flucloxacillin 250mg capsules 
94316979 Amoxicillin 250mg/5ml oral suspension sugar free 
94316992 Procaine penicillin/benzylpenicillin 3 gm inj 
94325992 Penicillin g 250 mg syr 
94328979 Amoxicillin 250mg/5ml oral suspension sugar free 
94338979 Amoxicillin 125mg/5ml oral suspension sugar free 
94343979 Amoxicillin 125mg/5ml oral suspension sugar free 
94354979 Piperacillin 4g / Tazobactam 500mg powder for solution for injection vials 
94356979 Co-fluampicil 125mg/125mg/5ml oral suspension 
94358990 Erythromycin 250mg gastro-resistant capsules 
94371990 Clarithromycin 250mg/5ml oral suspension 
94372990 Clarithromycin 125mg/5ml oral suspension 
94375979 Ampicillin 250mg capsules 
94376979 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
94378992 Trimethoprim 100 mg cap 
94379979 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
94383979 Co-amoxiclav 250mg/125mg tablets 
94384979 Co-amoxiclav 250mg/125mg tablets 
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94385979 Co-amoxiclav 250mg/125mg tablets 
94385998 Metronidazole 5mg/ml infusion 
94386979 Co-amoxiclav 250mg/125mg tablets 
94387979 Co-amoxiclav 250mg/125mg tablets 
94389979 Co-amoxiclav 250mg/125mg tablets 
94394979 Co-amoxiclav 400mg/57mg/5ml oral suspension sugar free 
94394992 Flucloxacillin 250mg capsules 
94399979 Co-amoxiclav 500mg/125mg tablets 
94401979 Co-amoxiclav 500mg/125mg tablets 
94402979 Co-amoxiclav 500mg/125mg tablets 
94403979 Co-amoxiclav 500mg/125mg tablets 
94404979 Co-amoxiclav 500mg/125mg tablets 
94408979 Co-amoxiclav 500mg/125mg tablets 
94409979 Co-amoxiclav 500mg/125mg tablets 
94410979 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
94411979 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
94413990 Phenoxymethylpenicillin 250mg tablets 
94421979 Amoxicillin 500mg capsules 
94423979 Amoxicillin 500mg capsules 
94429998 Enoxacin 200mg tablets 
94430998 Enoxacin 200mg tablets 
94434979 Amoxicillin 500mg capsules 
94446990 Oxytetracycline 250mg tablets 
94451979 Flucloxacillin 250mg/5ml oral solution 
94453979 Flucloxacillin 250mg/5ml oral solution 
94454979 Flucloxacillin 125mg/5ml oral solution 
94455979 Flucloxacillin 125mg/5ml oral solution 
94455990 Flucloxacillin 500mg capsules 
94456979 Flucloxacillin 125mg/5ml oral solution 
94457990 Flucloxacillin 250mg capsules 
94457992 Erycen 125 mg sus 
94458979 Flucloxacillin 125mg/5ml oral solution 
94463979 Flucloxacillin 500mg capsules 
94466979 Flucloxacillin 250mg capsules 
94469979 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
94471979 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
94476979 Phenoxymethylpenicillin 125mg/5ml oral solution 
94484979 Phenoxymethylpenicillin 250mg tablets 
94484992 Keflex-c 250 mg tab 
94495998 Erythromycin 125mg sprinkle capsules 
94496998 Erythromycin 125mg sprinkle capsules 
94504990 Clarithromycin 500mg tablets 
94505990 Clarithromycin 250mg tablets 
94512996 Azithromycin 500mg tablets 
94512997 Azithromycin 200mg/5ml oral suspension 
94512998 Azithromycin 250mg capsules 
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94516990 Metronidazole 400mg tablets 
94519992 Ampicillin 125mg tablets 
94523996 Azithromycin 500mg tablets 
94523997 Azithromycin 200mg/5ml oral suspension 
94523998 Azithromycin 250mg capsules 
94529990 Clarithromycin 500mg tablets 
94530990 Clarithromycin 250mg tablets 
94530996 Clarithromycin 500mg tablets 
94530997 Clarithromycin 125mg/5ml oral suspension 
94530998 Clarithromycin 250mg tablets 
94531996 Clarithromycin 500mg tablets 
94531997 Clarithromycin 125mg/5ml oral suspension 
94531998 Clarithromycin 250mg tablets 
94532992 Penicillin g 125 mg syr 
94533992 Penicillin v 500 mg tab 
94534990 Metronidazole 400mg tablets 
94535990 Metronidazole 200mg tablets 
94541990 Clarithromycin 500mg tablets 
94542990 Clarithromycin 250mg tablets 
94550990 Clarithromycin 500mg tablets 
94551990 Clarithromycin 250mg tablets 
94553992 Trimethoprim 100mg/5ml injection 
94561996 Tetracycline hydrochloride 500mg infusion (powder for reconstitution) 
94561997 Tetracycline hydrochloride 250mg infusion (powder for reconstitution) 
94565992 Cefaclor 375mg modified-release tablets 
94639997 Imipenem 500mg / Cilastatin 500mg powder for solution for infusion vials 
94640997 Imipenem 500mg / Cilastatin 500mg powder for solution for infusion vials 
94641992 Ampicillin 500mg capsules 
94642990 Cefalexin 250mg tablets 
94642992 Ampicillin 250mg capsules 
94643990 Cefalexin 250mg/5ml oral suspension sugar free 
94643992 Ampilar 125 mg syr 
94666998 Chlortetracycline with demeclocycline with tetracycline tablets 
94693990 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
94694990 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
94698998 Amoxicillin 250mg/5ml syrup 
94699996 Amoxicillin 125mg/5ml oral suspension 
94699997 Amoxicillin 500mg capsules 
94699998 Amoxicillin 250mg capsules 
94729996 Cefalexin 250mg/5ml oral suspension 
94729997 Cefalexin 125mg/5ml oral suspension 
94729998 Cefalexin 500mg capsules 
94730996 Cefalexin 250mg capsules 
94730997 Cefalexin 500mg tablets 
94730998 Cefalexin 250mg tablets 
94738990 Co-amoxiclav 500mg/100mg powder for solution for injection vials 
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94744992 Broxil 250 mg tab 
94750990 Oxytetracycline 250mg tablets 
94760992 Ciclacillin 125mg/5ml suspension 
94762997 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
94762998 Phenoxymethylpenicillin 125mg/5ml oral solution 
94790992 Chloramphenicol pow 
94791997 Cefaclor 500mg modified-release tablets 
94791998 Cefaclor 375mg modified-release tablets 
94792997 Amoxicillin 250mg/5ml oral suspension sugar free 
94792998 Amoxicillin 125mg/5ml oral suspension sugar free 
94794997 Amoxicillin 250mg/5ml oral suspension sugar free 
94794998 Amoxicillin 125mg/5ml oral suspension 
94806992 Chloramphenicol powder 
94808990 Gentamicin 5mg/1ml solution for injection ampoules 
94817998 Sulfadimidine 500mg/5ml paediatric mixture 
94819997 Erythromycin ethyl succinate 500mg tablets 
94819998 Erythromycin 1g/sachet granules 
94820996 Erythromycin ethylsuccinate 500mg sachets 
94820997 Erythromycin ethyl succinate 500mg tablets 
94820998 Erythromycin ethylsuccinate 1g sachets 
94842992 Co-trimoxazole 80 mg syr 
94844992 Co-trimoxazole 200 mg sus 
94845996 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
94845997 Penicillin v 62.5mg/5ml syrup 
94845998 Penicillin v 250mg capsule 
94848990 Minocycline 100mg modified-release capsules 
94849992 Co-trimoxazole 100 mg tab 
94850992 Co-trimoxazole paed 200 mg syr 
94850996 Trimethoprim 100mg/5ml solution for injection ampoules 
94850997 Trimethoprim 50mg/5ml oral suspension sugar free 
94850998 Trimethoprim 300mg tablet 
94851992 Co-trimoxazole 80mg/400mg tablets 
94851997 Trimethoprim 200mg tablets 
94851998 Trimethoprim 100mg tablets 
94852998 Sulfadiazine 500mg tablets 
94863998 Co-trimoxazole 80mg/400mg tablets 
94870998 Cefaclor 500mg capsules 
94872998 Pivampicillin & pivmecillinam 250mg+200mg tablets 
94873996 Cefaclor 250mg/5ml oral suspension sugar free 
94873997 Cefaclor 125mg/5ml oral suspension sugar free 
94873998 Cefaclor 500mg capsules 
94877992 Crystapen v 125 mg syr 
94904996 Cefuroxime 125mg/5ml oral suspension 
94904997 Cefuroxime 250mg tablets 
94904998 Cefuroxime 125mg tablets 
94912996 Ciprofloxacin 500mg tablets 
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94912997 Ciprofloxacin 400mg/200ml solution for infusion bottles 
94912998 Ciprofloxacin 250mg tablets 
94913996 Ciprofloxacin 500mg tablets 
94913997 Ciprofloxacin 400mg/200ml solution for infusion bottles 
94913998 Ciprofloxacin 250mg tablets 
94915996 Cefuroxime 125mg/5ml oral suspension 
94915997 Cefuroxime 250mg tablets 
94915998 Cefuroxime 125mg tablets 
94923998 Ticarcillin 3g / Clavulanic acid 200mg powder for solution for infusion vials 
94926990 Phenoxymethylpenicillin 250mg tablets 
94933998 Lymecycline 408mg capsules 
94936992 Phenoxymethylpenicillin 125mg tablets 
94936996 Ampicillin & cloxacillin 125mg+125mg/5ml syrup 
94936997 Ampicillin & cloxacillin 250mg+250mg capsules 
94945998 Amoxicillin 1g powder for solution for injection vials 
94977990 Gentamicin 20mg/2ml solution for injection vials 
94977992 Erymax 500 mg cap 
94978992 Erymax 125 mg syr 
94979992 Ermysin e/c 500 mg tab 
94980992 Erythromycin 500 mg cap 
94984992 Erythromycin stearate 250mg tablets 
95008990 Nitrofurantoin 100mg tablets 
95009990 Nitrofurantoin 50mg tablets 
95027992 Flucloxacillin 125 mg cap 
95028996 Co-amoxiclav 1000mg/200mg powder for solution for injection vials 
95028997 Co-amoxiclav 500mg/100mg powder for solution for injection vials 
95028998 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
95029996 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
95029997 Amoxicillin with clavulanic acid dispersible tablets 
95029998 Co-amoxiclav 250mg/125mg tablets 
95030998 Ampicillin 500mg / flucloxacillin 500mg injection 
95031996 Co-fluampicil 250mg/250mg powder for solution for injection vials 
95031997 Co-fluampicil 125mg/125mg/5ml oral suspension 
95031998 Co-fluampicil 250mg/250mg capsules 
95032997 Ampicillin 50mg / cloxacillin 25mg/vial injection 
95032998 Ampiciilin 60mg / cloxacillin 30mg/0.6ml sugar free oral suspension 
95033997 Ampicillin 250mg injection 
95033998 Ampicillin 500mg powder for solution for injection vials 
95034998 Ampicillin 125mg/5ml paediatric oral suspension 
95037990 Gentamicin 80mg/2ml solution for injection ampoules 
95039990 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
95040990 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
95043992 Sulfafurazole 500mg tablets 
95044992 Sulfafurazole 500mg/5ml syrup 
95055992 Genticin 25 mg inj 
95059997 Amikacin 500mg/2ml solution for injection vials 
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95059998 Amikacin 100mg/2ml solution for injection vials 
95060997 Amikacin 500mg/2ml solution for injection vials 
95060998 Amikacin 100mg/2ml solution for injection vials 
95067990 Trimethoprim 200mg tablets 
95068990 Trimethoprim 100mg tablets 
95070990 Co-amoxiclav 500mg/125mg tablets 
95077997 Amoxicillin 750mg sugar free dispersible tablets 
95077998 Amoxicillin 375mg sugar free dispersible tablets 
95086996 Amoxicillin 125mg sugar free powder 
95086997 Amoxicillin 750mg soluble tablets 
95086998 Amoxicillin 375mg soluble tablets 
95092997 Linezolid 600mg/300ml infusion bags 
95092998 Linezolid 600mg tablets 
95096992 Havapen 350 mg tab 
95108997 Trimethoprim 200mg tablets 
95108998 Trimethoprim 100mg tablets 
95147997 Linezolid 600mg/300ml infusion bags 
95147998 Linezolid 600mg tablets 
95154997 Tobramycin 80mg/2ml solution for injection vials 
95154998 Tobramycin 20mg/2ml injection 
95158997 Tinidazole 2mg/ml infusion 
95158998 Tinidazole 500mg tablets 
95164996 Ticarcillin 5g injection (powder for reconstitution) 
95164998 Ticarcillin 1g injection (powder for reconstitution) 
95166996 Ticarcillin 5g/vial injection 
95166998 Ticarcillin 1g/vial injection 
95185992 Kelfizine w 2 gm syr 
95190998 Tetracycline with amphoteracin syrup 
95191997 Tetracycline with nystatin capsules 
95191998 Tetracycline 250mg with nystatin 250000units tablets 
95192998 Tetracycline with chlortetracycline & demeclocycline tablets 
95193998 Tetracycline 250mg capsules 
95194998 Tetracycline 250mg modified release capsules 
95195996 Tetracycline 500mg/vial iv injection 
95195997 Tetracycline 250mg/vial iv injection 
95196997 Tetracycline 250mg capsules 
95196998 Tetracycline 125mg/5ml syrup 
95200990 Nitrofurantoin 25mg/5ml oral suspension sugar free 
95210992 Ledermycin 75 mg syr 
95211992 Lederkyn 500 mg tab 
95212990 Ciprofloxacin 250mg tablets 
95218997 Talampicillin 125mg/5ml syrup 
95218998 Talampicillin 250mg tablets 
95224990 Amoxicillin 500mg capsules 
95225990 Amoxicillin 250mg capsules 
95233998 Sulfametopyrazine 2g tablet 
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95235997 Sulphafurazole 500mg/5ml oral solution 
95235998 Sulphafurazole 500mg tablet 
95237998 Sulphadimethoxine 500mg tablet 
95246990 Flucloxacillin 125mg/5ml oral solution 
95247998 Streptomycin 1g powder for solution for injection vials 
95261990 Phenoxymethylpenicillin 250mg tablets 
95262990 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
95263990 Phenoxymethylpenicillin 125mg/5ml oral solution sugar free 
95263998 Spectinomycin 2g powder and solvent for suspension for injection vials 
95266997 Temafloxacin 400mg tablets 
95274990 Ofloxacin 400mg tablets 
95291998 Sodium fusidate 250mg tablets 
95293990 Phenoxymethylpenicillin 250mg tablets 
95305990 Erythromycin 250mg gastro-resistant capsules 
95305997 Temafloxacin 400mg tablets 
95305998 Temafloxacin 300mg tablets 
95314990 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
95314997 Rifampicin 300mg / Isoniazid 150mg tablets 
95314998 Rifampicin 150mg / Isoniazid 100mg tablets 
95315990 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
95315998 Generic Rifater tablets 
95316997 Rifampicin 100mg/5ml oral suspension 
95316998 Rifampicin 300mg capsules 
95317996 Rifampicin 150mg capsules 
95317997 Rifampicin 600mg powder and solvent for solution for infusion vials 
95331990 Clindamycin 150mg capsules 
95342992 Noxyflex bladder irrigation 1 % liq 
95344990 Ofloxacin 400mg tablets 
95349998 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
95350998 Co-trimoxazole (trimethoprim with sulfamethoxazole) 320mg/ml im injection 
95351998 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
95352998 Co-trimoxazole (trimethoprim with sulfamethoxazole) 320mg/ml im injection 
95353998 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
95354998 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
95355998 Rosoxacin 150mg capsules 
95356998 Rosoxacin 150mg capsule 
95364998 Pyrazinamide 500mg tablets 
95365998 Generic Rifater tablets 
95366998 Pyrazinamide 500mg tablets 
95369992 Oxytetracycline 500 mg tab 
95429990 Ciprofloxacin 500mg tablets 
95430990 Ciprofloxacin 250mg tablets 
95431992 Phenoxymethylpenicillin 300 mg tab 
95490997 Pivmecillinam 200mg tablets 
95490998 Pivmecillinam 100mg/sachet 
95491998 Pivampicillin & pivmecillinam 250mg+200mg tablets 
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95494997 Pivampicillin 250mg with pivmecillinam 200mg tablet 
95494998 Pivampicillin 125mg with pivmecillinam100mg tablet 
95495996 Pivampicillin 175mg sachet 
95495997 Pivampicillin 175mg/5ml oral solution 
95495998 Pivampicillin 500mg tablet 
95507992 Procaine penicillin 3 gm inj 
95510996 Piperacillin 4g/infusion bottle infusion 
95510997 Piperacillin 2g/vial injection 
95510998 Piperacillin 1g/vial injection 
95529992 Penicillin g 250 mg tab 
95557997 Phenethicillin 125mg/5ml oral solution 
95557998 Phenethicillin 250mg capsule 
95558990 Clindamycin 150mg capsules 
95561998 Sulfacarbamide 500mg tablets 
95575990 Vancomycin 125mg capsules 
95585990 Co-amoxiclav 500mg/125mg tablets 
95587998 Phenoxymethylpenicillin 250mg/5ml oral solution 
95588997 Phenoxymethylpenicillin 62.5mg/5ml syrup 
95588998 Phenoxymethylpenicillin 250mg tablets 
95590990 Trimethoprim 200mg tablets 
95591990 Trimethoprim 100mg tablets 
95594997 Benzylpenicillin 600mg powder for solution for injection vials 
95594998 Penicillin g 300mg/vial injection 
95604990 Flucloxacillin 250mg/5ml oral solution 
95618990 Co-amoxiclav 500mg/125mg tablets 
95618992 Streptotriad tab 
95622990 Cefradine 250mg capsules 
95628990 Ciprofloxacin 500mg tablets 
95629990 Ciprofloxacin 250mg tablets 
95632997 Vancomycin 250mg capsules 
95632998 Vancomycin 125mg capsules 
95633996 Vancomycin 500mg powder for solution for infusion vials 
95633998 Vancomycin 500mg powder for solution for infusion vials 
95634997 Vancomycin 250mg capsules 
95634998 Vancomycin 125mg capsules 
95644997 Oxytetracycline 125mg/5ml syrup 
95644998 Oxytetracycline 250mg capsules 
95659992 Tetracycline hydrochloride 250mg capsules 
95660992 Tetralysal 150 mg cap 
95686990 Ciprofloxacin 100mg tablets 
95697990 Tobramycin 80mg/2ml solution for injection vials 
95714997 Nitrofurantoin 100mg tablets 
95715996 Nitrofurantoin 100mg modified-release capsules 
95715997 Nitrofurantoin 25mg/5ml oral suspension sugar free 
95715998 Nitrofurantoin 100mg capsules 
95716992 Urolucosil 100 mg tab 
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95716996 Nitrofurantoin 50mg capsules 
95716997 Nitrofurantoin 100mg tablets 
95716998 Nitrofurantoin 50mg tablets 
95719992 V-cil-k 500 mg pul 
95723992 Velosef 125 mg syr 
95729990 Trimethoprim 50mg/5ml oral suspension sugar free 
95731996 Netilmicin 200mg/2ml injection 
95731997 Netilmicin 50mg/1ml injection 
95731998 Netilmicin 15mg/1.5ml injection 
95732996 Netilmicin 100mg/ml injection 
95732997 Netilmicin 50mg/1ml solution for injection ampoules 
95732998 Netilmicin 15mg/1.5ml solution for injection ampoules 
95748997 Neomycin sulphate oral solution 
95748998 Neomycin 500mg tablets 
95759998 Nalidixic acid with sodium citrate 660mg + 3750mg sachets 
95760996 Nalidixic acid 300mg/5ml oral suspension sugar free 
95760997 Nalidixic acid 300mg/5ml oral suspension 
95760998 Nalidixic acid 500mg tablets 
95773992 Vancomycin oral 10 gm sol 
95798990 Cefradine 500mg capsules 
95799990 Cefradine 250mg capsules 
95801997 Minocycline 100mg tablets 
95801998 Minocycline 50mg tablets 
95811997 Mezlocillin 1g/vial injection 
95811998 Mezlocillin 50mg/vial injection 
95815990 Cefradine 500mg capsules 
95816990 Cefradine 250mg capsules 
95816998 Metronidazole 5mg/ml infusion 
95817997 Metronidazole 1g suppositories 
95817998 Metronidazole 500mg suppositories 
95818998 Metronidazole 200mg tablets 
95819998 Metronidazole 200mg tablets 
95820997 Metronidazole 400mg tablets 
95820998 Metronidazole 200mg tablets 
95821997 Metronidazole 1g suppositories 
95821998 Metronidazole 500mg suppositories 
95822990 Ciprofloxacin 500mg tablets 
95822997 Metronidazole 1g suppositories 
95822998 Metronidazole 500mg suppositories 
95823990 Ciprofloxacin 250mg tablets 
95823997 Metronidazole treatment pack 
95823998 Metronidazole 400mg tablets 
95828992 Chlortetracycline hcl syr 
95866990 Ciprofloxacin 500mg tablets 
95867990 Ciprofloxacin 250mg tablets 
95872990 Co-amoxiclav 250mg/125mg tablets 
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95876998 Methenamine hippurate 1g tablets 
95877998 Methenamine hippurate 300mg tablet 
95883992 Carbenicillin 1 inj 
95891992 Cloxacillin tab 
95920990 Erythromycin 250mg gastro-resistant capsules 
95921997 Mecillinam 400mg/vial injection 
95947990 Ciprofloxacin 500mg tablets 
95948990 Ciprofloxacin 250mg tablets 
95956990 Ofloxacin 200mg tablets 
95965990 Erythromycin 250mg gastro-resistant capsules 
95976996 Benzathine penicillin 229mg/ml injection 
95976997 Benzathine penicillin 115mg/ml drops 
95991998 Lymecycline 408mg capsules 
96009996 Lincomycin 600mg/2ml injection 
96009998 Lincomycin 500mg capsules 
96010996 Lincomycin hcl 300mg/ml injection 
96010997 Lincomycin hcl 250mg/5ml oral solution 
96010998 Lincomycin hcl 500mg capsule 
96022990 Ciprofloxacin 750mg tablets 
96023990 Ciprofloxacin 500mg tablets 
96024990 Ciprofloxacin 250mg tablets 
96042990 Ciprofloxacin 750mg tablets 
96043990 Ciprofloxacin 500mg tablets 
96044990 Ciprofloxacin 250mg tablets 
96045990 Ciprofloxacin 100mg tablets 
96047990 Ciprofloxacin 750mg tablets 
96048990 Ciprofloxacin 500mg tablets 
96049990 Ciprofloxacin 250mg tablets 
96051990 Ciprofloxacin 500mg tablets 
96052990 Ciprofloxacin 250mg tablets 
96056990 Ciprofloxacin 750mg tablets 
96057990 Ciprofloxacin 500mg tablets 
96058990 Ciprofloxacin 250mg tablets 
96066990 Ciprofloxacin 500mg tablets 
96067990 Ciprofloxacin 250mg tablets 
96071992 Ethionamide 125 mg tab 
96080992 Netilmicin 150mg/1.5ml injection 
96083992 Sulphadimidine 250 mg tab 
96089990 Doxycycline 100mg capsules 
96092992 Amoxycillin fiztab 125 mg tab 
96093998 Generic Rifater tablets 
96097997 Rifampicin 300mg / Isoniazid 150mg tablets 
96097998 Rifampicin 150mg / Isoniazid 100mg tablets 
96098998 Isoniazid 50mg/2ml solution for injection ampoules 
96099990 Ofloxacin 400mg tablets 
96137990 Co-amoxiclav 250mg/125mg tablets 
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96146992 Cephalexin 125 mg tab 
96147992 Cephradine 125 mg syr 
96149992 Cephaloridine 250 mg inj 
96153992 Chloramphenicol 125mg/5ml suspension 
96156990 Amoxicillin 3g oral powder sachets sugar free 
96169992 Co-trimoxazole 960mg tablets 
96175990 Erythromycin ethyl succinate 500mg/5ml oral suspension 
96175992 Dapsone 12.5 mg tab 
96176990 Erythromycin ethyl succinate 250mg/5ml oral suspension 
96176992 Dapsone 25 mg tab 
96178992 Demeclocycline hcl 75 mg syr 
96183990 Co-fluampicil 250mg/250mg capsules 
96185990 Ofloxacin 400mg tablets 
96186990 Ofloxacin 400mg tablets 
96187990 Ofloxacin 200mg tablets 
96188990 Ofloxacin 200mg tablets 
96189990 Co-amoxiclav 250mg/125mg tablets 
96202990 Doxycycline 50mg capsules 
96229992 Erythromycin 100 mg syr 
96230992 Erythrocin 100 mg syr 
96239996 Amoxicillin 125mg/5ml oral suspension 
96239997 Amoxicillin 500mg capsules 
96239998 Amoxicillin 250mg capsules 
96246992 Flucloxacillin 125mg/5ml oral solution 
96250990 Erythromycin ethyl succinate 500mg/5ml oral suspension sugar free 
96255998 Amoxicillin 250mg/5ml oral suspension 
96256992 Fucidin 500 mg tab 
96256996 Amoxicillin 500mg sugar free chewable tablets 
96256997 Amoxicillin 250mg sugar free chewable tablets 
96256998 Amoxicillin 125mg sugar free chewable tablets 
96266992 Hexamine mandelate 500 mg tab 
96277990 Cefalexin 250mg/5ml oral suspension sugar free 
96282990 Doxycycline (as hyclate) 100mg tablets 
96285998 Gentamicin 2mg/2ml intrathecal injection 
96287998 Gentamicin 80mg/ml injection 
96293996 Gentamicin 5mg/1ml solution for injection ampoules 
96293997 Gentamicin 1mg/ml intrathecal injection 
96293998 Gentamicin 80mg/ml injection 
96294996 Gentamicin 60mg/ml injection 
96294997 Gentamicin 80mg/2ml solution for injection ampoules 
96294998 Gentamicin 20mg/2ml solution for injection vials 
96300992 Isoniazid 130 mg eli 
96301992 Isoniazid 60 mg syr 
96302992 Isoniazid 10 mg eli 
96303992 Isoniazid 500 mg eli 
96304992 Isoniazid 50 mg sus 
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96304998 Doxycycline (as hyclate) 50mg/5ml oral solution 
96305992 Generic Rifater tablets 
96305996 Doxycycline (as hyclate) 100mg tablets 
96305997 Doxycycline 100mg capsules 
96305998 Doxycycline 100mg dispersible tablets sugar free 
96306990 Amoxicillin 250mg/5ml oral suspension sugar free 
96307988 Amoxicillin 125mg/5ml oral suspension 
96307989 Amoxicillin 500mg capsules 
96307990 Amoxicillin 250mg capsules 
96309989 Metronidazole 400mg tablets 
96309990 Metronidazole 200mg tablets 
96309992 Clarithromycin 500mg powder for solution for infusion vials 
96309997 Amoxicillin 500mg sugar free chewable tablets 
96309998 Amoxicillin 250mg sugar free chewable tablets 
96313996 Amoxicillin 125mg/5ml oral suspension 
96313997 Amoxicillin 500mg capsules 
96313998 Amoxicillin 250mg capsules 
96329992 Methacycline hcl 150 mg cap 
96343990 Co-amoxiclav 250mg/125mg tablets 
96352988 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
96352989 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
96352990 Erythromycin 250mg gastro-resistant capsules 
96354990 Doxycycline 100mg capsules 
96354992 Neomycin sulphate 500 mg syr 
96355992 Neomycin 500mg tablets 
96365998 Amoxicillin 250mg/5ml oral suspension 
96367992 Novobiocin/tetracycline 125 mg cap 
96371989 Flucloxacillin 500mg capsules 
96371990 Flucloxacillin 250mg capsules 
96373990 Erythromycin 250mg gastro-resistant capsules 
96374990 Erythromycin ethyl succinate 125mg/5ml oral suspension 
96377990 Amoxicillin 250mg/5ml oral suspension sugar free 
96383988 Amoxicillin 125mg/5ml oral suspension 
96383989 Amoxicillin 500mg capsules 
96383990 Amoxicillin 250mg capsules 
96391990 Co-amoxiclav 500mg/125mg tablets 
96391992 Phenoxymethylpenicillin 150 mg syr 
96420992 Pyrazinamide 375 mg cap 
96428988 Flucloxacillin 125mg/5ml oral solution 
96428989 Flucloxacillin 500mg capsules 
96428990 Flucloxacillin 250mg capsules 
96431989 Cefradine 500mg capsules 
96431990 Cefradine 250mg capsules 
96433988 Cefalexin 500mg capsules 
96433989 Cefalexin 250mg capsules 
96435988 Cefalexin 125mg/5ml oral suspension 
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96447998 Demeclocycline with chlortetracycline with tetracycline tablets 
96448997 Demeclocycline 300mg tablets 
96448998 Demeclocycline 150mg capsules 
96466992 Spiramycin 250 mg tab 
96466998 Fusidic acid 250mg/5ml oral suspension 
96467992 Stabillin v-k 125 mg syr 
96469998 Sodium fusidate 250mg tablets 
96471992 Sulphamezathine .5 gm tab 
96472992 Sulphamethizole 100 mg syr 
96474992 Sulphapyridine 500 mg tab 
96477992 Talpen 250 mg syr 
96478992 Talampicillin 250 mg syr 
96479998 Framycetin sulfate 250mg tablets 
96485992 Tetracycline 500 mg tab 
96487998 Framycetin 250mg tablet 
96531996 Co-fluampicil 250mg/250mg powder for solution for injection vials 
96531997 Co-fluampicil 125mg/125mg/5ml oral suspension 
96531998 Co-fluampicil 250mg/250mg capsules 
96532997 Flucloxacillin 1g powder for solution for injection vials 
96532998 Flucloxacillin 500mg powder for solution for injection vials 
96533996 Flucloxacillin 250mg powder for solution for injection vials 
96533997 Flucloxacillin 500mg powder for solution for injection vials 
96533998 Flucloxacillin 250mg powder for solution for injection vials 
96538990 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
96539988 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
96539989 Co-amoxiclav 500mg/125mg tablets 
96539990 Co-amoxiclav 250mg/125mg tablets 
96554989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
96554990 Phenoxymethylpenicillin 125mg/5ml oral solution 
96556990 Phenoxymethylpenicillin 250mg tablets 
96574990 Metronidazole 200mg/5ml oral suspension 
96582992 Ampicillin 125 mg tab 
96609992 Carfecillin sodium 500 mg tab 
96612997 Colistimethate sodium 500ku injection (powder for reconstitution) 
96612998 Colistimethate 1million unit powder for solution for injection vials 
96613997 Colistin sulfate 250ku/5ml syrup 
96613998 Colistin 1.5million unit tablets 
96614997 Colistimethate 1million unit powder for solution for injection vials 
96614998 Colistimethate 500,000unit powder for solution for injection vials 
96615997 Colistin 250,000units/5ml oral solution 
96615998 Colistin 1.5million unit tablets 
96618992 Co-trifamole 480 mg tab 
96620997 Cloxacillin 500mg/vial im injection 
96621996 Cloxacillin 125mg/5ml oral solution 
96621997 Cloxacillin 500mg capsules 
96621998 Cloxacillin 250mg capsules 
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96635998 Clomocycline sodium 170mg capsules 
96636998 Clomocycline 170mg capsules 
96637989 Co-amoxiclav 500mg/125mg tablets 
96637990 Co-amoxiclav 250mg/125mg tablets 
96639990 Cefaclor 375mg modified-release tablets 
96643998 Clofazimine 100mg capsules 
96648992 Erythromycin 12 mg syr 
96649992 Erythromycin i/v 300 mg inj 
96650992 Ethambutol 400mg tablets 
96654998 Clindamycin 600mg/4ml solution for injection ampoules 
96655996 Clindamycin hcl 75mg/5ml granules for suspension 
96655997 Clindamycin 150mg capsules 
96655998 Clindamycin 75mg capsules 
96659992 Flucloxacillin 1 gm cap 
96660996 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
96660997 Clavulanic acid with amoxicillin dispersible tablets 
96660998 Co-amoxiclav 250mg/125mg tablets 
96661998 Cinoxacin 500mg capsules 
96671992 Gentamycin 40 mg inj 
96672992 Gentamicin 160 mg inj 
96681998 Chlortetracycline 250mg capsules 
96688989 Cefradine 500mg capsules 
96688990 Cefradine 250mg capsules 
96693992 Isoniazid 300 mg tab 
96694992 Isoniazid 100 mg syr 
96705990 Norfloxacin 400mg tablets 
96711992 Metronidazole tab/nystatin pes combipack 
96721988 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
96721990 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
96722992 Nitrofurantoin 25 mg tab 
96729998 Sodium fusidate 500mg powder and solvent for solution for infusion vials 
96731988 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
96731989 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
96731990 Co-amoxiclav 250mg/125mg tablets 
96737989 Vancomycin 500mg powder for solution for infusion vials 
96738990 Tobramycin 40mg/1ml solution for injection vials 
96746990 Gentamicin 80mg/2ml solution for injection ampoules 
96749990 Co-trimoxazole 16mg with 80mg/ml concentrate solution for infusion 
96757988 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
96757989 Phenoxymethylpenicillin 125mg/5ml oral solution 
96757990 Phenoxymethylpenicillin 250mg tablets 
96768992 Sodium fusidate 500 mg tab 
96769992 Sodium fusidate 250 mg cap 
96772996 Ethambutol with isoniazid 300mg with 100mg tablets 
96772997 Ethambutol with isoniazid 250mg with 100mg tablets 
96772998 Ethambutol with isoniazid 200mg with 100mg tablets 
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96773996 Ethambutol powder 
96773997 Ethambutol 400mg tablets 
96773998 Ethambutol 100mg tablets 
96776992 Sulphaphenazole 500 mg syr 
96779992 Terramycin syr 
96780997 Flucloxacillin 500mg capsules 
96780998 Flucloxacillin 250mg capsules 
96781992 Tetracycline 500 mg cap 
96781997 Erythromycin stearate 500mg tablets 
96781998 Erythromycin stearate 250mg tablets 
96782998 Erythromycin 1g powder for solution for infusion vials 
96783996 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
96783997 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
96784996 Erythromycin ethyl succinate 500mg/5ml oral suspension 
96784997 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
96784998 Erythromycin ethyl succinate 125mg/5ml oral suspension 
96785996 Erythromycin ethyl succinate 125mg/5ml oral suspension 
96785997 Erythromycin ethyl succinate 500mg tablets 
96785998 Erythromycin 250mg gastro-resistant capsules 
96810998 Chloramphenicol 1g powder for solution for injection vials 
96811998 Chloramphenicol 1.2g injection (powder for reconstitution) 
96812996 Chloramphenicol 300mg injection (powder for reconstitution) 
96812997 Chloramphenicol 125mg/5ml suspension 
96812998 Chloramphenicol 250mg capsules 
96815990 Ampicillin 125mg/5ml oral suspension 
96815996 Chloramphenicol 1g powder for solution for injection vials 
96815998 Chloramphenicol 1.2g/vial sterile powder 
96816996 Chloramphenicol 300mg/vial sterile powder 
96816997 Chloramphenicol 125mg/ml oral suspension 
96816998 Chloramphenicol 250mg capsules 
96822992 Amoxycillin fiztab 250 mg tab 
96833992 Ceftazidime 2g powder for solution for injection vials 
96834998 Cefalexin 125mg/1.25ml paediatric drops 
96835997 Cefalexin 250mg/5ml oral suspension sugar free 
96835998 Cefalexin 125mg/5ml oral suspension sugar free 
96836989 Rifampicin 300mg capsules 
96836996 Cefalexin 500mg/5ml oral suspension 
96836997 Cefalexin 250mg/5ml oral suspension sugar free 
96836998 Cefalexin 125mg/5ml oral suspension sugar free 
96837996 Cefalexin 250mg chewable tablets 
96837997 Cefalexin 500mg tablets 
96837998 Cefalexin 250mg tablets 
96838996 Cefuroxime (as sodium salt) 1.5g/vial infusion 
96838997 Cefuroxime 750mg powder for injection vials 
96838998 Cefuroxime 250mg powder for injection vials 
96841996 Ceftazidime 3g powder for solution for injection vials 
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96841997 Ceftazidime 2g powder for solution for injection vials 
96841998 Ceftazidime 2g powder for solution for injection vials 
96842996 Ceftazidime 1g powder for solution for injection vials 
96842997 Ceftazidime 500mg powder for solution for injection vials 
96842998 Ceftazidime 250mg powder for solution for injection vials 
96844997 Cefsulodin 1g/vial sterile powder 
96845997 Cefradine 1g powder for solution for injection vials 
96845998 Cefradine 500mg powder for solution for injection vials 
96846996 Cefradine 250mg/5ml oral solution 
96846997 Cefradine 500mg capsules 
96846998 Cefradine 250mg capsules 
96847989 Metronidazole 400mg tablets 
96847990 Metronidazole 200mg tablets 
96848998 Cefoxitin 1g powder for solution for injection vials 
96849996 Cefotaxime 2g powder for solution for injection vials 
96849997 Cefotaxime 1g powder for solution for injection vials 
96849998 Cefotaxime 500mg powder for solution for injection vials 
96850997 Cefazolin 1g powder for solution for injection vials 
96850998 Cefazolin 500mg powder for solution for injection vials 
96855996 Cefadroxil 250mg/5ml oral suspension 
96855997 Cefadroxil 125mg/5ml oral suspension 
96855998 Cefadroxil 500mg capsules 
96856996 Cefaclor 250mg/5ml oral suspension 
96856997 Cefaclor 125mg/5ml oral suspension 
96856998 Cefaclor 250mg capsules 
96865988 Flucloxacillin 125mg/5ml oral solution 
96865989 Flucloxacillin 500mg capsules 
96865990 Flucloxacillin 250mg capsules 
96865998 Carfecillin 500mg tablets 
96879998 Carbenicillin 1g injection (powder for reconstitution) 
96880998 Carbenicillin 1g sterile powder 
96896990 Co-fluampicil 250mg/250mg capsules 
96897990 Flucloxacillin 250mg/5ml oral solution 
96908990 Co-fluampicil 250mg/250mg capsules 
96909988 Cefalexin 250mg/5ml oral suspension sugar free 
96909989 Cefalexin 125mg/5ml oral suspension sugar free 
96909990 Cefalexin 500mg tablets 
96911988 Cefalexin 250mg capsules 
96911989 Cefalexin 500mg tablets 
96911990 Cefalexin 250mg tablets 
96918998 Bacampicillin hydrochloride 400mg tablets 
96919998 Bacampicillin hcl 400mg tablets 
96923989 Cefaclor 375mg modified-release tablets 
96925988 Cefaclor 125mg/5ml oral suspension sugar free 
96925989 Cefaclor 500mg capsules 
96926989 Ampicillin 500mg capsules 
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96927996 Aztreonam 2g powder for solution for injection vials 
96927997 Aztreonam 1g powder for solution for injection vials 
96928988 Amoxicillin 250mg/5ml oral suspension sugar free 
96928989 Amoxicillin 125mg/5ml oral suspension sugar free 
96928990 Amoxicillin 250mg/5ml oral suspension sugar free 
96928998 Aztreonam 2g/vial infusion 
96929996 Aztreonam 2g powder for solution for injection vials 
96929997 Aztreonam 1g powder for solution for injection vials 
96929998 Aztreonam 500mg powder for solution for injection vials 
96931988 Amoxicillin 125mg/5ml oral suspension sugar free 
96931989 Amoxicillin 500mg capsules 
96931990 Amoxicillin 250mg capsules 
96931996 Azlocillin 5g/vial injection 
96931997 Azlocillin 1g/vial injection 
96942989 Flucloxacillin 500mg capsules 
96942990 Flucloxacillin 250mg capsules 
96943996 Amoxicillin 500mg powder for solution for injection vials 
96943997 Amoxicillin 250mg powder for solution for injection vials 
96943998 Amoxicillin 3g oral powder sachets sugar free 
96944992 Ampicillin 125 mg cap 
96944996 Amoxicillin 750mg sugar free powder 
96944997 Amoxicillin 125mg/1.25ml oral suspension paediatric 
96944998 Amoxicillin 500mg dispersible tablets 
96965990 Amoxicillin 250mg/5ml oral suspension sugar free 
96974990 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
96975988 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
96975989 Co-amoxiclav 500mg/125mg tablets 
96975990 Co-amoxiclav 250mg/125mg tablets 
96999989 Isoniazid 100mg tablets 
97006998 Sulfadimidine 500mg tablet 
97009990 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
97010988 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
97010989 Co-amoxiclav 500mg/125mg tablets 
97010990 Co-amoxiclav 250mg/125mg tablets 
97020998 Metronidazole 200mg tablets 
97024989 Cefradine 500mg capsules 
97024990 Cefradine 250mg capsules 
97035988 Cefaclor 250mg capsules 
97035989 Cefaclor 125mg/5ml oral suspension sugar free 
97035990 Cefaclor 250mg/5ml oral suspension sugar free 
97036990 Flucloxacillin 250mg/5ml oral solution 
97047990 Amoxicillin 500mg powder for solution for injection vials 
97050989 Amoxicillin 500mg capsules 
97050990 Amoxicillin 250mg capsules 
97051990 Doxycycline 100mg capsules 
97095996 Erythromycin 500mg/5ml suspension 
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97095997 Erythromycin 250mg/5ml suspension 
97095998 Erythromycin 125mg/5ml suspension 
97096998 Erythromycin 250mg gastro-resistant tablets 
97097992 Ceftizoxime sodium 2 gm inj 
97098992 Ceftizoxime sodium 1 gm inj 
97099992 Ceftizoxime sodium .5 gm inj 
97102992 Cefsulodin sodium & lignocaine 0.5% 1 gm inj 
97106992 Cephaloridine 500 mg inj 
97108989 Metronidazole 1g suppositories 
97110997 Phenoxymethylpenicillin 250mg tablets 
97110998 Penicillin v 125mg tablet 
97115998 Flucloxacillin 250mg/5ml oral solution 
97116996 Flucloxacillin 125mg/5ml oral solution 
97116997 Flucloxacillin 500mg capsules 
97116998 Flucloxacillin 250mg capsules 
97117996 Erythromycin ethyl succinate 500mg/5ml oral suspension 
97117997 Erythromycin ethyl succinate 250mg/5ml oral suspension 
97117998 Erythromycin ethyl succinate 125mg/5ml oral suspension 
97118989 Flucloxacillin 500mg capsules 
97118990 Flucloxacillin 250mg capsules 
97118996 Erythromycin 250mg gastro-resistant capsules 
97118997 Erythromycin 500mg ec gastro-resistant tablets 
97118998 Erythromycin 250mg gastro-resistant capsules 
97119989 Erythromycin ethyl succinate 250mg/5ml oral suspension 
97119990 Erythromycin ethyl succinate 125mg/5ml oral suspension 
97121990 Doxycycline 100mg capsules 
97123989 Co-trimoxazole 80mg/400mg/5ml solution for infusion ampoules 
97123990 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
97129996 Ampicillin 250mg/5ml sugar free suspension 
97129997 Ampicillin 125mg/5ml sugar free suspension 
97129998 Ampicillin 250mg/5ml oral suspension 
97130996 Ampicillin 125mg/5ml oral suspension 
97130997 Ampicillin 500mg capsules 
97130998 Ampicillin 250mg capsules 
97131996 Amoxicillin 125mg sugar free chewable tablets 
97131997 Amoxicillin 500mg capsules 
97131998 Amoxicillin 250mg capsules 
97133988 Amoxicillin 250mg/5ml oral suspension sugar free 
97133989 Amoxicillin 125mg/5ml oral suspension sugar free 
97133990 Amoxicillin 250mg capsules 
97133998 Co-fluampicil 250mg+250mg capsules 
97142997 Tetracycline hydrochloride 250mg tablets 
97144998 Oxytetracycline 250mg tablets 
97153997 Tetracycline 125mg/5ml syrup 
97153998 Tetracycline 250mg tablets 
97154998 Oxytetracycline 250mg tablets 
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97167990 Co-fluampicil 250mg/250mg capsules 
97168992 Co-trimoxazole 80mg/400mg tablets 
97169992 Co-trimoxazole 96 mg inj 
97170992 Co-trimazine 500 mg tab 
97171988 Cefalexin 125mg/5ml oral suspension sugar free 
97171989 Cefalexin 500mg capsules 
97171990 Cefalexin 250mg capsules 
97171992 Co-trimazine 250 mg syr 
97176992 Co-trimoxazole paed 120 mg tab 
97187998 Co-trimoxazole 240mg/5ml paediatric suspension 
97191992 Co-trimoxazole 240mg/5ml paediatric suspension 
97198997 Co-trimoxazole (trimethoprim and sulfamethoxazole) 40mg+200mg 

paediatric tablets 
97198998 Co-trimoxazole (trimethoprim and sulfamethoxazole) 20mg+100mg 

paediatric tablets 
97199998 Co-trimoxazole (trimethoprim and sulfamethoxazole) 160mg+800mg 

dispersible tablets 
97200996 Co-trimoxazole 160mg/800mg tablets 
97200997 Co-trimoxazole (trimethoprim and sulfamethoxazole) 80mg+400mg 

dispersible tablets 
97200998 Co-trimoxazole 80mg/400mg tablets 
97208990 Phenoxymethylpenicillin 250mg tablets 
97209989 Doxycycline 100mg capsules 
97209990 Doxycycline 50mg capsules 
97225992 Cycloserine 250mg capsules 
97234992 Dapsone 200 mg tab 
97235992 Dapsone 75 mg tab 
97237989 Cefalexin 250mg/5ml oral suspension 
97237990 Cefalexin 125mg/5ml oral suspension 
97242988 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
97242989 Phenoxymethylpenicillin 125mg/5ml oral solution 
97242990 Phenoxymethylpenicillin 250mg tablets 
97245997 Ticarcillin & clavulanic acid 1.5g+100mg injection (powder for reconstitution) 
97245998 Ticarcillin 3g / Clavulanic acid 200mg powder for solution for infusion vials 
97246992 Doxycycline 100mg capsules 
97254998 Co-fluampicil 125mg/125mg/5ml oral suspension 
97260989 Flucloxacillin 250mg/5ml oral solution 
97260990 Flucloxacillin 125mg/5ml oral solution 
97266998 Benzathine penicillin 229mg/ml injection 
97290997 Benzathine penicillin 115mg/ml drops 
97290998 Benzathine benzylpenicillin 229mg/5ml suspension 
97310998 Cefadroxil 500mg/5ml suspension 
97311996 Cefadroxil 250mg/5ml suspension 
97311997 Cefadroxil 125mg/5ml suspension 
97311998 Cefadroxil 500mg capsules 
97328997 Cefaclor 250mg/5ml oral suspension 
97328998 Cefaclor 125mg/5ml oral suspension 



327 
 

97336998 Gentamicin 80mg/2ml solution for injection ampoules 
97347997 Cefamandole 1g injection (powder for reconstitution) 
97347998 Cefamandole 500mg injection 
97348997 Cefazolin 1g injection (powder for reconstitution) 
97348998 Cefazolin 500mg injection (powder for reconstitution) 
97351998 Co-trimoxazole 240mg/5ml paediatric suspension 
97352998 Co-trimoxazole 80mg/400mg/5ml oral suspension 
97360998 Erythromycin 250mg/5ml suspension 
97361997 Erythromycin 500mg tablets 
97361998 Erythromycin stearate 250mg tablets 
97366992 Erythrocin 300 mg inj 
97375992 Erythromycin ethyl succinate 250mg/5ml oral suspension 
97377992 Erythromycin 50 mg inj 
97378992 Erythrocin a 1 gm tab 
97379992 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
97380992 Erythromycin stearate 250mg tablets 
97381992 Erythromycin stearate 500mg tablets 
97384992 Ethambutol 250 mg syr 
97385992 Ethambutol syr 
97386992 Ethambutol 500 mg syr 
97432997 Flucloxacillin 250mg/5ml oral suspension 
97432998 Flucloxacillin 125mg/5ml oral solution 
97490992 Fucidin ec 500 mg tab 
97491992 Fucidin pow 
97494992 Furadantin 50 mg sus 
97518992 Gentamicin 80mg/2ml solution for injection ampoules 
97519998 Erythromycin 250mg/sachet granules 
97536989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
97536990 Phenoxymethylpenicillin 125mg/5ml oral solution 
97542990 Cefaclor 250mg/5ml oral suspension sugar free 
97553990 Flucloxacillin 125mg/5ml oral solution 
97559997 Minocycline 100mg tablets 
97559998 Minocycline 50mg tablets 
97561992 Co-trimoxazole 80mg/400mg tablets 
97574992 Hexamine mandelate 250 mg tab 
97591997 Phenoxymethylpenicillin 250mg/5ml oral solution 
97591998 Phenoxymethylpenicillin 125mg/5ml oral solution 
97592998 Phenoxymethylpenicillin 250mg tablets 
97611992 Isoniazid 200 mg tab 
97612998 Cefuroxime 1.5g powder for injection vials 
97613996 Cefuroxime 1.5g powder for injection vials 
97613997 Cefuroxime 750mg powder for injection vials 
97613998 Cefuroxime 250mg powder for injection vials 
97615997 Benzylpenicillin - penicillin g 6g injection 
97616997 Benzylpenicillin 1.2g powder for solution for injection vials 
97616998 Benzylpenicillin 600mg powder for solution for injection vials 
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97619992 Isoniazid 10 mg tab 
97619997 Ceftazidime 2g powder for solution for injection vials 
97619998 Ceftazidime 2g infusion (powder for reconstitution) 
97620996 Ceftazidime 1g powder for solution for injection vials 
97620997 Ceftazidime 500mg powder for solution for injection vials 
97620998 Ceftazidime 250mg injection (powder for reconstitution) 
97635992 Keflex 500 mg inj 
97646992 Ledercillin 250 mg tab 
97650996 Ceftriaxone 2g powder for solution for injection vials 
97650997 Ceftriaxone 1g powder for solution for injection vials 
97650998 Ceftriaxone 250mg powder for solution for injection vials 
97656989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
97656990 Phenoxymethylpenicillin 125mg/5ml oral solution 
97663989 Ethambutol 400mg tablets 
97663990 Ethambutol 100mg tablets 
97677998 Nitrofurantoin 100mg modified-release capsules 
97683992 Lymecycline 204 mg cap 
97696988 Cefaclor 125mg/5ml oral suspension sugar free 
97696990 Cefaclor 250mg capsules 
97701998 Phenoxymethylpenicillin 250mg tablets 
97708996 Co-amoxiclav 400mg/57mg/5ml oral suspension sugar free 
97708997 Co-amoxiclav 500mg/125mg tablets 
97708998 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
97712989 Trimethoprim 200mg tablets 
97712990 Trimethoprim 100mg tablets 
97732990 Oxytetracycline 250mg tablets 
97735992 Methacycline hcl 75 mg syr 
97738989 Minocycline 100mg tablets 
97738990 Minocycline 50mg tablets 
97748992 Metronidazole .5 % sol 
97749992 Metronidazole .9 % sol 
97752992 Metronidazole pow 
97753992 Metronidazole 200mg/5ml oral suspension 
97753998 Doxycycline 50mg capsules 
97754988 Flucloxacillin 125mg/5ml oral solution 
97754989 Flucloxacillin 500mg capsules 
97754990 Flucloxacillin 250mg capsules 
97757990 Erythromycin 250mg gastro-resistant capsules 
97759989 Erythromycin ethyl succinate 125mg/5ml oral suspension 
97759990 Erythromycin 250mg gastro-resistant capsules 
97761989 Doxycycline 100mg capsules 
97770990 Co-fluampicil 250mg/250mg capsules 
97778988 Cefalexin 250mg/5ml oral suspension 
97778989 Cefalexin 125mg/5ml oral suspension 
97788989 Ampicillin 500mg capsules 
97789990 Amoxicillin 250mg/5ml oral suspension sugar free 
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97790988 Amoxicillin 125mg/5ml oral suspension sugar free 
97790989 Amoxicillin 3g oral powder sachets sugar free 
97790990 Amoxicillin 250mg capsules 
97792997 Co-amoxiclav 1000mg/200mg powder for solution for injection vials 
97792998 Co-amoxiclav 500mg/100mg powder for solution for injection vials 
97806997 Cefpodoxime 40mg/5ml oral suspension 
97806998 Cefpodoxime 100mg tablets 
97808997 Amoxicillin 125mg/5ml syrup 
97808998 Amoxicillin 250mg capsules 
97809998 Ofloxacin 2mg/ml infusion 
97839990 Cefaclor 250mg/5ml oral suspension 
97840988 Cefaclor 125mg/5ml oral suspension 
97840989 Cefaclor 500mg capsules 
97840990 Cefaclor 250mg capsules 
97842989 Vancomycin 250mg capsules 
97842990 Vancomycin 125mg capsules 
97842992 Oxytetracycline 250 mg syr 
97843992 Oxytetracycline 100 mg tab 
97844992 Oxytetracycline 250 mg inj 
97859988 Cefalexin 500mg capsules 
97859989 Cefalexin 250mg capsules 
97859990 Cefalexin 250mg tablets 
97868996 Amoxicillin 750mg sugar free powder 
97868997 Amoxicillin 250mg/5ml oral suspension sugar free 
97868998 Amoxicillin 125mg/5ml oral suspension sugar free 
97871992 Penamecillin 350 mg tab 
97879990 Metronidazole 500mg tablets 
97880989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
97880990 Phenoxymethylpenicillin 125mg/5ml oral solution 
97881992 Phenethicillin potassium 250 mg tab 
97881997 Flucloxacillin 250mg/5ml syrup 
97881998 Flucloxacillin 125mg/5ml syrup 
97882998 Flucloxacillin 1g powder for solution for injection vials 
97883996 Flucloxacillin 500mg powder for solution for injection vials 
97883997 Flucloxacillin 250mg powder for solution for injection vials 
97883998 Flucloxacillin 500mg powder for solution for injection vials 
97884996 Flucloxacillin 250mg powder for solution for injection vials 
97884997 Flucloxacillin 500mg capsules 
97884998 Flucloxacillin 250mg capsules 
97885998 Cefalexin 125mg/1.25ml paediatric drops 
97886996 Cefalexin 250mg/5ml oral suspension 
97886997 Cefalexin 125mg/5ml oral suspension 
97886998 Cefalexin 500mg/5ml oral suspension 
97887996 Cefalexin 250mg/5ml oral suspension 
97887997 Cefalexin 125mg/5ml oral suspension 
97887998 Cefalexin 500mg capsules 
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97888996 Cefalexin 250mg capsules 
97888997 Cefalexin 500mg tablets 
97888998 Cefalexin 250mg tablets 
97890992 Phenoxymethylpenicillin 125mg/5ml oral solution 
97891992 Phenoxymethylpenicillin 125 mg cap 
97892998 Tetracycline hydrochloride 250mg modified release capsules 
97913998 Doxycycline 100mg tablets 
97918992 Pivampicillin 175mg/sachet granules 
97919990 Vancomycin 500mg powder for solution for infusion vials 
97924998 Clindamycin 600mg/4ml solution for injection ampoules 
97925996 Clindamycin 75mg/5ml paediatric suspension 
97925997 Clindamycin 150mg capsules 
97925998 Clindamycin 75mg capsules 
97930989 Rifampicin 300mg capsules 
97930990 Rifampicin 150mg capsules 
97932998 Erythromycin 250mg gastro-resistant capsules 
97947988 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
97947989 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
97947990 Erythromycin ethyl succinate 500mg/5ml oral suspension 
97950992 Imipenem & cilastatin 250mg+250mg intravenous infusion (pdr for recon) 
97956990 Amoxicillin 3g oral powder sachets sugar free 
97960992 Prothionamide 500 mg tab 
97961992 Prothionamide 125 mg tab 
97969992 Penicillin v 500 mg cap 
97970992 Penicillin 500 mg tab 
97975990 Co-fluampicil 250mg/250mg capsules 
97980989 Nitrofurantoin 100mg tablets 
97980990 Nitrofurantoin 50mg tablets 
97984998 Isoniazid 50mg/5ml oral solution 
97985997 Isoniazid 100mg tablets 
97985998 Isoniazid 50mg tablets 
97986997 Dapsone 100mg tablets 
97986998 Dapsone 50mg tablets 
97990988 Cefalexin 250mg/5ml oral suspension 
97990989 Cefalexin 125mg/5ml oral suspension 
97990990 Cefalexin 500mg capsules 
97991988 Cefalexin 250mg capsules 
98015989 Cefalexin 250mg capsules 
98015990 Cefalexin 250mg tablets 
98029989 Minocycline 100mg tablets 
98029990 Minocycline 50mg tablets 
98044990 Doxycycline 100mg capsules 
98061990 Phenoxymethylpenicillin 250mg tablets 
98086992 Sodium fusidate pow 
98089998 Azlocillin 2g/vial injection 
98113990 Phenoxymethylpenicillin 250mg tablets 
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98114989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
98114990 Phenoxymethylpenicillin 125mg/5ml oral solution 
98134992 Succinylsulphathiazole 500 mg tab 
98137992 Streptomycin 250 mg cap 
98138992 Streptomycin 500 mg cap 
98140992 Sulfasuxidine 3.5 mg sup 
98141992 Sulphapyridine 2 mg tab 
98142992 Sulphaphenazole 500 mg tab 
98143992 Sulphamethoxypyridazine 500 mg tab 
98144992 Sulphadimidine 1 gm tab 
98146992 Sulphacetamide syr 
98150992 Sulphatriad .5 gm tab 
98151992 Sulphathiazole 500 mg tab 
98166988 Erythromycin 250mg gastro-resistant capsules 
98166989 Erythromycin ethyl succinate 500mg tablets 
98166990 Erythromycin ethyl succinate 500mg/5ml oral suspension sugar free 
98168998 Flucloxacillin 250mg capsules 
98182989 Co-trimoxazole (trimethoprim and sulfamethoxazole) 80mg+400mg 

dispersible tablets 
98182990 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
98195988 Cefalexin 250mg/5ml oral suspension 
98195989 Cefalexin 500mg capsules 
98218998 Ampicillin & cloxacillin 50mg+25mg injection (powder for reconstitution) 
98225992 Uriben 500 mg tab 
98231998 Doxycycline 100mg dispersible tablets sugar free 
98321997 Metronidazole 500mg suppositories 
98321998 Metronidazole 200mg tablets 
98323997 Tetracycline 125mg/5ml syrup 
98323998 Tetracycline hydrochloride 250mg capsules 
98334988 Amoxicillin 250mg/5ml oral suspension sugar free 
98334989 Amoxicillin 125mg/5ml oral suspension sugar free 
98334990 Amoxicillin 500mg capsules 
98339998 Isoniazid with ethambutol 100mg + 365mg tablet 
98341997 Tetracycline 250mg capsules 
98341998 Tetracycline hydrochloride 250mg tablets 
98345989 Erythromycin ethyl succinate 500mg/5ml oral suspension sugar free 
98345990 Erythromycin ethyl succinate 500mg tablets 
98352989 Doxycycline 50mg capsules 
98352990 Doxycycline 100mg capsules 
98353988 Erythromycin 250mg gastro-resistant capsules 
98353989 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
98353990 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
98353996 Amoxicillin 1g powder for solution for injection vials 
98353997 Amoxicillin 500mg powder for solution for injection vials 
98353998 Amoxicillin 250mg powder for solution for injection vials 
98354988 Flucloxacillin 125mg/5ml oral solution 
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98354989 Flucloxacillin 500mg capsules 
98354990 Flucloxacillin 250mg capsules 
98354998 Amoxicillin 125mg/1.25ml oral suspension paediatric 
98355998 Talampicillin hydrochloride 125mg/5ml syrup 
98356997 Ampicillin 500mg powder for solution for injection vials 
98356998 Ampicillin 250mg injection (powder for reconstitution) 
98357998 Ampicillin 125mg/1.25ml paediatric suspension 
98362989 Rifampicin 300mg capsules 
98362997 Co-fluampicil 500mg+500mg injection (powder for reconstitution) 
98362998 Co-fluampicil 250mg/250mg powder for solution for injection vials 
98363998 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
98364998 Co-amoxiclav 250mg/62mg/5ml oral suspension sugar free 
98365998 Trimethoprim 50mg/5ml oral suspension sugar free 
98379992 Urolucosil 500 mg tab 
98383998 Phenoxymethylpenicillin 125mg/5ml oral solution 
98387990 Trimethoprim 200mg tablets 
98398989 Trimethoprim 200mg tablets 
98399989 Trimethoprim 200mg tablets 
98399990 Trimethoprim 100mg tablets 
98405990 Tetracycline 250mg tablets 
98435990 Phenoxymethylpenicillin 250mg tablets 
98439998 Metronidazole 500mg/100ml infusion 100ml bags 
98450998 Pivmecillinam 46.2mg with pivampicillin 62.5mg/5ml oral solution 
98451998 Pivampicillin & pivmecillinam 125mg+100mg tablets 
98456998 Oxytetracycline 250mg tablets 
98462990 Oxytetracycline 250mg tablets 
98464990 Oxytetracycline 250mg tablets 
98474998 Nalidixic acid & sodium citrate 660mg/sachet effervescent granules 
98480989 Minocycline 100mg tablets 
98480990 Minocycline 50mg tablets 
98519997 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
98519998 Co-trimoxazole (trimethoprim and sulfamethoxazole) 20mg+100mg 

paediatric tablets 
98521998 Co-trimoxazole 480mg tablets 
98522998 Co-trimoxazole 960mg tablets 
98523998 Co-trimoxazole 80mg/400mg/5ml oral suspension 
98530998 Minocycline 100mg modified-release capsules 
98531996 Minocycline 100mg capsules 
98531997 Minocycline 50mg capsules 
98531998 Minocycline 100mg modified-release capsules 
98552989 Flucloxacillin 500mg capsules 
98552990 Flucloxacillin 250mg capsules 
98557988 Erythromycin ethyl succinate 500mg/5ml oral suspension 
98557990 Erythromycin ethyl succinate 250mg/5ml oral suspension 
98558990 Erythromycin ethyl succinate 500mg tablets 
98559988 Erythromycin 250mg gastro-resistant capsules 
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98559989 Erythromycin ethyl succinate 250mg/5ml oral suspension 
98559990 Erythromycin ethyl succinate 125mg/5ml oral suspension 
98601989 Doxycycline 100mg capsules 
98601990 Doxycycline 50mg capsules 
98611997 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
98611998 Co-trimoxazole (trimethoprim and sulfamethoxazole) 20mg+100mg 

paediatric tablets 
98612990 Tetracycline 250mg capsules 
98612998 Co-trimoxazole 80mg/400mg/5ml oral suspension 
98613998 Co-trimoxazole 160mg/800mg tablets 
98627989 Flucloxacillin 500mg capsules 
98627990 Flucloxacillin 250mg capsules 
98635988 Cefalexin 250mg/5ml oral suspension 
98635989 Cefalexin 125mg/5ml oral suspension 
98635990 Cefalexin 500mg tablets 
98638988 Cefalexin 250mg tablets 
98638989 Cefalexin 500mg capsules 
98638990 Cefalexin 250mg capsules 
98669988 Trimethoprim 50mg/5ml oral suspension sugar free 
98669989 Trimethoprim 100mg tablets 
98669990 Trimethoprim 200mg tablets 
98673998 Amoxicillin 3g oral powder sachets sugar free 
98684997 Rifampicin 300mg / Isoniazid 150mg tablets 
98684998 Rifampicin 150mg / Isoniazid 100mg tablets 
98685990 Isoniazid 50mg/5ml oral solution 
98685998 Rifampicin 600mg powder and solvent for solution for infusion vials 
98694998 Rifampicin 300mg / Isoniazid 150mg tablets 
98741997 Flucloxacillin 500mg capsules 
98741998 Flucloxacillin 250mg capsules 
98751996 Erythromycin ethyl succinate 500mg/5ml oral suspension sugar free 
98751997 Erythromycin 500mg/sachet granules 
98751998 Erythromycin 500mg/5ml suspension 
98752998 Erythromycin 500mg gastro-resistant tablets 
98753998 Erythromycin 1g powder for solution for infusion vials 
98754998 Erythromycin stearate 500mg tablets 
98795998 Tetracycline with amphoteracin syrup 
98802990 Ampicillin 250mg capsules 
98803988 Amoxicillin 125mg/5ml oral suspension 
98803990 Amoxicillin 250mg capsules 
98813998 Cefadroxil 500mg/5ml oral suspension 
98819997 Cycloserine 250mg capsules 
98819998 Cycloserine 125mg capsules 
98820998 Pivampicillin 175mg/sachet granules 
98823998 Pivmecillinam 200mg tablets 
98825989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
98825990 Phenoxymethylpenicillin 125mg/5ml oral solution 
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98826989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
98826990 Phenoxymethylpenicillin 125mg/5ml oral solution 
98827989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
98827990 Phenoxymethylpenicillin 125mg/5ml oral solution 
98828998 Sodium fusidate 500mg powder and solvent for solution for infusion vials 
98829998 Fusidic acid 250mg/5ml oral suspension 
98846998 Erythromycin ethyl succinate 250mg/5ml oral suspension 
98871998 Metronidazole 200mg/5ml oral suspension 
98883997 Ampicillin 500mg powder for solution for injection vials 
98884998 Ampicillin 250mg/5ml oral suspension 
98885998 Ampicillin 125mg/5ml oral suspension 
98925990 Sulfadiazine 500mg tablets 
98940997 Cefpodoxime 40mg/5ml paediatric suspension 
98940998 Cefpodoxime 100mg tablets 
98967998 Ampicillin 250mg/5ml oral suspension 
98968996 Ampicillin 125mg/5ml oral suspension 
98968997 Ampicillin 500mg capsules 
98968998 Ampicillin 250mg capsules 
98969996 Doxycycline 50mg/5ml syrup 
98969997 Doxycycline 100mg dispersible tablets sugar free 
98969998 Doxycycline 100mg capsules 
98983997 Cefradine 1g injection (powder for reconstitution) 
98983998 Cefradine 500mg injection (powder for reconstitution) 
98984996 Cefradine 250mg/5ml syrup 
98984997 Cefradine 500mg capsules 
98984998 Cefradine 250mg capsules 
98986996 Phenoxymethylpenicillin 250mg/5ml oral solution 
98986997 Phenoxymethylpenicillin 125mg/5ml oral solution 
98986998 Phenoxymethylpenicillin 62.5mg/5ml syrup 
98987996 Phenoxymethylpenicillin 250mg tablets 
98987997 Phenoxymethylpenicillin 125mg tablets 
98987998 Phenoxymethylpenicillin 250mg capsules 
98995990 Dapsone 50mg tablets 
99001998 Carfecillin sodium 500mg tablets 
99018998 Benzylpenicillin sodium with benemethamine penicillin with procaine 

benzylpenicillin injection 
99025996 Trimethoprim 50mg/5ml sugar free suspension 
99025997 Trimethoprim 200mg tablets 
99025998 Trimethoprim 100mg tablets 
99052998 Phthalylsulfathiazole 500mg tablets 
99054998 Lymecycline 408mg capsules 
99055997 Tetracycline hydrochloride 250mg capsules 
99055998 Tetracycline hydrochloride 250mg tablets 
99056998 Tetracycline hydrochloride 250mg modified release capsules 
99060997 Oxytetracycline 250mg capsules 
99060998 Oxytetracycline 250mg tablets 
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99075998 Talampicillin hydrochloride 250mg tablets 
99080997 Trimethoprim 300mg tablets 
99080998 Trimethoprim 100mg tablets 
99096998 Sulfadimidine 1g/3ml injection 
99101997 Doxycycline 50mg capsules 
99101998 Doxycycline 100mg capsules 
99103996 Erythromycin 500mg gastro-resistant tablets 
99103997 Erythromycin 250mg gastro-resistant tablets 
99103998 Erythromycin 125mg/5ml suspension 
99110998 Co-amoxiclav 500mg/125mg tablets 
99111997 Co-amoxiclav 400mg/57mg/5ml oral suspension sugar free 
99111998 Co-amoxiclav 500mg/125mg tablets 
99143997 Co-trimoxazole 480mg dispersible tablets 
99143998 Co-trimoxazole 80mg/400mg tablets 
99147998 Pivmecillinam hydrochloride 100mg/sachet suspension 
99171996 Ampicillin 250mg / cloxacillin 250mg/vial injection 
99171997 Ampicillin with cloxacillin 250mg/5ml oral solution 
99171998 Ampicillin / cloxacillin 500mg capsules 
99176990 Isoniazid 100mg tablets 
99177989 Isoniazid 100mg tablets 
99178998 Rifampicin 150mg / Isoniazid 100mg tablets 
99179996 Rifampicin 100mg/5ml oral suspension 
99179997 Rifampicin 300mg capsules 
99179998 Rifampicin 150mg capsules 
99183996 Rifampicin 100mg/5ml oral suspension 
99183997 Rifampicin 300mg capsules 
99183998 Rifampicin 150mg capsules 
99210990 Erythromycin ethyl succinate 500mg tablets 
99236998 Pivampicillin 500mg tablets 
99243990 Co-trimoxazole 80mg/400mg tablets 
99251988 Chloramphenicol 250mg capsules 
99255990 Cefalexin 500mg capsules 
99274998 Ampicillin 250mg/5ml oral suspension 
99275996 Ampicillin 125mg/5ml oral suspension 
99275997 Ampicillin 500mg capsules 
99275998 Ampicillin 250mg capsules 
99313996 Cloxacillin 125mg/5ml oral solution 
99313997 Cloxacillin 500mg capsules 
99313998 Cloxacillin 250mg capsules 
99340989 Trimethoprim 200mg tablets 
99340990 Trimethoprim 100mg tablets 
99341989 Trimethoprim 200mg tablets 
99342989 Trimethoprim 200mg tablets 
99342990 Trimethoprim 100mg tablets 
99351998 Neomycin 500mg tablets 
99354990 Tetracycline 250mg tablets 
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99355990 Tetracycline 250mg tablets 
99371997 Nalidixic acid 300mg/5ml sugar free suspension 
99371998 Nalidixic acid 500mg tablets 
99382997 Tetracycline & nystatin 250mg+250ku tablets 
99382998 Tetracycline with nystatin capsules 
99386996 Ethambutol hydrochloride & isoniazid 300mg+100mg tablets 
99386997 Ethambutol hydrochloride & isoniazid 250mg+100mg tablets 
99386998 Isoniazid with ethambutol 100mg + 200mg tablet 
99388997 Ethambutol hydrochloride 400mg tablets 
99388998 Ethambutol hydrochloride 100mg tablets 
99399998 Trimethoprim 100mg/5ml injection 
99400996 Trimethoprim 50mg/5ml oral suspension sugar free 
99400997 Trimethoprim 200mg tablets 
99400998 Trimethoprim 100mg tablets 
99433990 Erythromycin ethyl succinate 500mg tablets 
99434990 Erythromycin ethyl succinate 500mg tablets 
99434998 Metronidazole 500mg/100ml infusion 100ml bags 
99435989 Erythromycin ethyl succinate 500mg tablets 
99435990 Erythromycin 250mg gastro-resistant capsules 
99452998 Co-fluampicil 250mg/250mg capsules 
99454997 Nitrofurantoin 50mg capsules 
99454998 Nitrofurantoin 100mg capsules 
99465990 Phenoxymethylpenicillin 250mg tablets 
99467990 Phenoxymethylpenicillin 250mg tablets 
99468990 Phenoxymethylpenicillin 250mg tablets 
99469989 Phenoxymethylpenicillin 250mg/5ml oral solution sugar free 
99478990 Oxytetracycline 250mg tablets 
99480990 Oxytetracycline 250mg tablets 
99485997 Demeclocycline hydrochloride 300mg tablets 
99485998 Demeclocycline 150mg capsules 
99495988 Metronidazole 200mg/5ml oral suspension 
99495989 Metronidazole 400mg tablets 
99495990 Metronidazole 200mg tablets 
99496989 Metronidazole 400mg tablets 
99496990 Metronidazole 200mg tablets 
99497989 Metronidazole 400mg tablets 
99497990 Metronidazole 200mg tablets 
99498988 Metronidazole 1g suppositories 
99498998 Clofazimine 100mg capsules 
99499989 Metronidazole 400mg tablets 
99499990 Metronidazole 200mg tablets 
99515998 Sulfametopyrazine 2g tablets 
99527997 Trimethoprim 200mg tablets 
99527998 Trimethoprim 100mg tablets 
99540998 Erythromycin stearate 250mg tablets 
99541998 Erythromycin 250mg/5ml suspension 
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99542996 Erythromycin 125mg/5ml suspension 
99542997 Erythromycin 500mg tablets 
99542998 Erythromycin 250mg capsules 
99560998 Methenamine hippurate 1g tablets 
99590988 Flucloxacillin 125mg/5ml oral solution 
99590989 Flucloxacillin 500mg capsules 
99590990 Flucloxacillin 250mg capsules 
99591989 Flucloxacillin 500mg capsules 
99592989 Flucloxacillin 500mg capsules 
99592990 Flucloxacillin 250mg capsules 
99604988 Erythromycin 250mg gastro-resistant capsules 
99604989 Erythromycin ethyl succinate 250mg/5ml oral suspension 
99604990 Erythromycin ethyl succinate 125mg/5ml oral suspension 
99606988 Erythromycin ethyl succinate 500mg/5ml oral suspension 
99607988 Erythromycin 250mg gastro-resistant capsules 
99607990 Erythromycin ethyl succinate 125mg/5ml oral suspension 
99609996 Nitrofurantoin 25mg/5ml oral suspension sugar free 
99609997 Nitrofurantoin 100mg tablets 
99609998 Nitrofurantoin 50mg tablets 
99613989 Doxycycline 50mg capsules 
99613990 Doxycycline 100mg capsules 
99619998 Sodium fusidate 250mg tablets 
99639997 Metronidazole 400mg tablets 
99639998 Metronidazole 200mg tablets 
99640998 Metronidazole & nystatin 400mg+100000iu tablets & pessaries 
99656998 Tinidazole 500mg tablets 
99659989 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
99659990 Co-trimoxazole 80mg/400mg tablets 
99660989 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
99661988 Co-trimoxazole 160mg/800mg tablets 
99661989 Co-trimoxazole 40mg/200mg/5ml oral suspension sugar free 
99679996 Erythromycin ethyl succinate 125mg/5ml oral suspension sugar free 
99679997 Erythromycin 125mg/sachet granules 
99679998 Erythromycin 125mg/5ml suspension 
99680996 Erythromycin ethyl succinate 250mg/5ml oral suspension sugar free 
99680997 Erythromycin 250mg/sachet granules 
99680998 Erythromycin 250mg/5ml suspension 
99681998 Erythromycin 250mg gastro-resistant tablets 
99682998 Erythromycin stearate 250mg tablets 
99683997 Erythromycin 500mg gastro-resistant tablets 
99683998 Erythromycin 250mg gastro-resistant tablets 
99698988 Cefalexin 250mg/5ml oral suspension sugar free 
99698989 Cefalexin 125mg/5ml oral suspension sugar free 
99698990 Cefalexin 500mg tablets 
99699988 Cefalexin 250mg tablets 
99699989 Cefalexin 500mg capsules 
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99699990 Cefalexin 250mg capsules 
99700988 Cefalexin 500mg tablets 
99700989 Cefalexin 500mg capsules 
99701988 Cefalexin 250mg capsules 
99736998 Phenoxymethylpenicillin 250mg/5ml oral solution 
99737996 Phenoxymethylpenicillin 125mg/5ml oral solution 
99737997 Phenoxymethylpenicillin 250mg tablets 
99741996 Cefaclor 250mg/5ml oral suspension 
99741997 Cefaclor 125mg/5ml oral suspension 
99741998 Cefaclor 250mg capsules 
99743992 Amoxycillin 500 mg tab 
99749992 Co-trimoxazole 480mg tablets 
99759992 Apsin vk 125 mg syr 
99767998 Compound tetracycline 300mg tablets 
99789992 Ampimed 250 mg cap 
99792992 Ampicillin & cloxacillin 125mg+125mg/5ml syrup 
99793992 Ampicillin & cloxacillin 250mg+250mg injection (powder for reconstitution) 
99800998 Benzylpeniciilin 250mg tablets 
99821989 Ampicillin 125mg/5ml sugar free suspension 
99822988 Ampicillin 125mg/5ml oral suspension 
99822989 Ampicillin 500mg capsules 
99822990 Ampicillin 250mg capsules 
99824990 Ampicillin 250mg capsules 
99825996 Cefotaxime 2g infusion (powder for reconstitution) 
99825997 Cefotaxime 1g powder for solution for injection vials 
99825998 Cefotaxime 500mg powder for solution for injection vials 
99826989 Ampicillin 500mg capsules 
99826998 Cinoxacin 500mg capsules 
99827998 Gentamicin 80mg/2ml solution for injection ampoules 
99828990 Amoxicillin 250mg/5ml oral suspension sugar free 
99829990 Amoxicillin 250mg/5ml oral suspension sugar free 
99830988 Amoxicillin 125mg sugar free powder 
99830989 Amoxicillin 3g oral powder sachets sugar free 
99830990 Amoxicillin 250mg/5ml oral suspension sugar free 
99831988 Amoxicillin 250mg/5ml oral suspension sugar free 
99831989 Amoxicillin 125mg/5ml oral suspension sugar free 
99831990 Amoxicillin 250mg/5ml oral suspension sugar free 
99831998 Tetracycline with pancreatic enzymes capsules 
99832988 Amoxicillin 250mg/5ml oral suspension sugar free 
99832989 Amoxicillin 125mg/5ml oral suspension sugar free 
99832990 Amoxicillin 250mg/5ml oral suspension sugar free 
99834990 Amoxicillin 250mg/5ml oral suspension sugar free 
99836988 Amoxicillin 125mg/5ml oral suspension 
99836989 Amoxicillin 500mg capsules 
99836990 Amoxicillin 250mg capsules 
99836992 Co-amoxiclav 125mg/31mg/5ml oral suspension sugar free 
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99837988 Amoxicillin 125mg/5ml oral suspension 
99837990 Amoxicillin 250mg capsules 
99838988 Amoxicillin 125mg/5ml oral suspension 
99838989 Amoxicillin 500mg capsules 
99838990 Amoxicillin 250mg capsules 
99839988 Amoxicillin 125mg/5ml oral suspension 
99839990 Amoxicillin 250mg capsules 
99840988 Amoxicillin 250mg/5ml oral suspension sugar free 
99840989 Amoxicillin 125mg/5ml oral suspension 
99840990 Amoxicillin 500mg capsules 
99841988 Amoxicillin 125mg/5ml oral suspension 
99841989 Amoxicillin 500mg capsules 
99841990 Amoxicillin 250mg capsules 
99842988 Amoxicillin 125mg/5ml oral suspension 
99842989 Amoxicillin 500mg capsules 
99842990 Amoxicillin 250mg capsules 
99843988 Amoxicillin 125mg/5ml oral suspension 
99843989 Amoxicillin 500mg capsules 
99843990 Amoxicillin 250mg capsules 
99844988 Amoxicillin 125mg/5ml oral suspension 
99845988 Amoxicillin 125mg/5ml oral suspension sugar free 
99845989 Amoxicillin 500mg capsules 
99845990 Amoxicillin 250mg capsules 
99846988 Amoxicillin 250mg/5ml oral suspension sugar free 
99846989 Amoxicillin 125mg/5ml oral suspension 
99846990 Amoxicillin 500mg capsules 
99847989 Amoxicillin 1g powder for solution for injection vials 
99848989 Amoxicillin 500mg capsules 
99848990 Amoxicillin 250mg capsules 
99849988 Amoxicillin 250mg capsules 
99849989 Amoxicillin 250mg/5ml oral suspension sugar free 
99849990 Amoxicillin 125mg/5ml oral suspension 
99850992 Amikacin 100mg/2ml solution for injection vials 
99851992 Amikacin 500mg/2ml solution for injection vials 
99861997 Ciclacillin 500mg tablets 
99861998 Ciclacillin 250mg tablets 
99869997 Pheneticillin 125mg/5ml syrup 
99869998 Pheneticillin 250mg capsules 
99886998 Procaine benzylpenicillin with benzylpenicillin sodium injection 
99895998 Oxytetracycline 250mg tablets 
99919998 Co-trimoxazole 480mg dispersible tablets 
99923997 Chlortetracycline hydrochloride powder 
99923998 Chlortetracycline hydrochloride 250mg capsules 
99924992 Isoniazid 50mg/5ml oral solution 
99925992 Isoniazid 60 mg eli 
99926992 Isoniazid 25 mg eli 
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99927992 Isoniazid 150 mg syr 
99927997 Co-amoxiclav 125mg+250mg sugar free dispersible tablets 
99927998 Co-amoxiclav 250mg/125mg tablets 
99928992 Isoniazid 25 mg syr 
99929992 Isoniazid 100 mg eli 
99930992 Isoniazid 200 mg eli 
99931992 Isoniazid 75 mg syr 
99932992 Isoniazid 200 mg syr 
99960998 Ampicillin & cloxacillin 60mg+30mg/0.6ml sugar free suspension 
99962996 Amoxicillin 500mg sugar free dispersible tablets 
99962997 Amoxicillin 500mg capsules 
99962998 Amoxicillin 250mg capsules 
99964997 Ampicillin 500mg capsules 
99964998 Ampicillin 250mg capsules 
99981992 Isoniazid 50mg/5ml oral solution 
99982992 Isoniazid 150 mg eli 
99983992 Isoniazid 500 mg sus 
99984992 Isoniazid 150 mg sus 
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Appendix F. Manuscripts that have been published based on work 
undertaken in this thesis 

 

1. Bastaki H, Carter J, Marston L, Cassell J, Rait G. Time delays in the diagnosis and 
treatment of malaria in non-endemic countries: A systematic review. Travel medicine 
and infectious disease. 2018 Jan 1;21:21-7. 
 

2. Bastaki H, Marston L, Cassell J, Rait G. Imported malaria in the UK, 2005 to 2016: 
Estimates from primary care electronic health records. PloS one. 2018 Dec 
31;13(12):e0210040. 
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F-2. Published work based on Chapter 4 
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