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B. Abstract 

Annually >40,000 Malawian babies are exposed to HIV, and >1800 get infected. Maternal 

antibodies limit the utility of HIV antibody testing in children <18 months, and HIV-DNA-PCR 

is preferred.  However, HIV-PCR testing sites are few, PCR is expensive and PCR result 

turn-around-times (TAT) average 3 months leading to ~ 1/3rd of tested infants being lost to 

follow-up. A point-of-care HIV Test (POCT) may improve testing uptake and infant retention. 

This study aimed to identify an appropriate POCT for HIV diagnosis in children <18 months 

of age and to estimate its impact on infant diagnosis and linkage to HIV care.  

We conducted mixed methods study in two hospitals in Southern Malawi and evaluated: (1) 

performance, TAT, usability, acceptability, cost and cost-effectiveness for XpertHIV and 

compared it with HIV-DNA-PCR, and (2) performance and accuracy of plasma IP-10 in 

screening for HIV diagnosis and treatment failure among children aged 0-14 years; and (3) 

explored the potential role of HIV-LAMP assay in the diagnosis of HIV. 

XpertHIV had high sensitivity (97.8%) and specificity (98.1%). TAT was reduced from 24 days 

to 5.3 hours: 85% of the children-initiated ART on the day of testing. Compared with qPCR 

cost ($66.66), XpertHIV was cheaper at $42.34 per diagnostic test. With the difference in test 

costs, if XpertHIV is adopted nationwide for testing of 40,000 HIV exposed babies, Malawi 

could save ~USD2,193,538.88 annually. 

XpertHIV was acceptable to care givers, parents, laboratory technologists and nurses.  

Although IP-10 levels were higher in those with high viral load and under two years of age, it 

could not distinguish HIV from other infections. The HIV LAMP optimisation was 

unsuccessful.   

XpertHIV, if deployed in Malawi, could improve the diagnosis of paediatric HIV and its 

treatment uptake, and reduce costs of early infant diagnosis (EID).  IP-10 is not an accurate 

screening marker for HIV in children. Further studies are needed to evaluate whether HIV 

LAMP is a suitable test for EID. 
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C. Impact Statement   

This body of work adds to the evidence base on the challenges of EID of HIV in low-income 

countries. It explores the role of Point of Care Tests (POCTs) in diagnosing HIV in children 

and discusses their impact on potential linkage to care. It lays out challenges in EID, followed 

by: (1) validation of a  POCT prequalified by the World Health Organisation (WHO), Cepheid 

Xpert HIV-1 Qual assay (XpertHIV) in a low-income country (Malawi); (2) evaluation of its 

acceptability, feasibility and potential impact; assessment of the utility of a  biomarker, IP-10 

as an initial screening tool to identify potential HIV infected children in Malawi; and (3) 

optimization of a POCT  in developmental stages  (Loop-mediated isothermal amplification 

(LAMP). 

The main finding was that XpertHIV was as sensitive and specific as PCR by Abbott, with a 

turn-around time (TAT) of 5 hours and cost-saving at $42.34 per test compared to $66.66 for 

PCR. Cost-effectiveness acceptability curves for testing strategies showed that XpertHIV had 

a higher probability of being cost-effective for all simulated willingness to pay values ($0.10 

to $200). This preliminary evidence suggests that the Malawi government may spend less by 

adopting POCT XpertHIV. (Published in the Journal of Global Health Economics and Policy 

(JOGHEP)). 

The thesis provides evidence to inform national policies that XpertHIV was accepted by 

parents/ caregivers and nurses and deemed user-friendly by laboratory staff. Such policies 

do not exist in many countries, and a lack of data like these may be a reason. The evidence 

provides further grounds for the development or revision of EID guidelines. The thesis offers 

some recommendations for policy and practice. Some of this work has already influenced 

training and policy through my engagement with key stakeholders, including Ministry of 

Health (MOH), Malawi. Although this study was conducted in one district in Malawi, it adds 

to the body of evidence available to inform national roll out of XpertHIV in Malawi and perhaps 

other low-income countries (LICs).
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Chapter 1: INTRODUCTION 

This chapter presents a brief overview of the state of the art of HIV testing of infants 

in ideal settings and compares it to the current EID testing situation in Malawi. It then 

presents the rationale for the thesis and an overview of the aims and objectives of the 

research and the research setting. It concludes with an overview of the thesis 

structure, a description of the candidate's role, and a summary of funding sources and 

ethical clearances. 

1. Background 

1.1. Human Immunodeficiency Virus Infection 

The Human Immunodeficiency Virus (HIV) is believed to have been passed from 

chimpanzees to humans in the 1920s from the Democratic Republic of Congo (1, 2). 

This was probably due to people living in the area hunting and eating chimpanzees 

carrying the Simian Immunodeficiency Virus (SIV), a virus closely related to HIV (1, 

2). There are two different types of HIV, HIV-1 and HIV-2. HIV-1, strongly associated 

with the worldwide pandemic, is called HIV in this text. Currently, the major lineages 

of the HIV-1 age group M, which stands for major, N (non-M, non-O), O (Outlier), and 

P pending the identification of further human cases (Figure 1). The HIV-1 group M 

accounts for most of the global pandemic (3, 4). HIV-1 group M subtypes are A to H 

(3, 4). HIV-2 is predominantly confined to West Africa (5), and its impact on humans 

has not been as significant as that of HIV-1(6). HIV-2 has nine subtypes: A and B are 

commonly found in humans, but the rest were identified in single-infected human 

patients (5, 6). Transmission of HIV from person-to-person occurs through the transfer 

of bodily fluids. The principal modes of transmission of HIV are horizontal through 

blood or blood products, or sexual (including genital secretions and body fluids) and 

vertical from mothers to babies (either in-utero, during delivery, or through breast milk) 

(7). 
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1.2. HIV and the immune system 

HIV infects vital cells of the immune system, specifically CD4 T-helper cells, 

macrophages, and dendritic cells. The hallmark of the human immunodeficiency virus 

(HIV) infection is characterized by the depletion of CD4+ T cells, an imbalance in CD4+ 

T-cell homeostasis, expansion of CD8 T cells, and chronic immune activation that 

leads to immune dysfunction(8-10). The CD4 cell T lymphocyte is central to the normal 

functioning of the immune system(8-10). Depleting the CD4 T lymphocytes leads to 

Acquired Immune Deficiency Syndrome (AIDS) (9, 10),  progressive immunity 

impairment, and ultimately death.  

 

1.3. Clinical presentation of HIV in Adults versus Children 

In 1981, the US Centre for Diseases Control (CDC) reported a case series of five 

homosexual men who were diagnosed and treated for pneumocystis carinii 

pneumonia (PCP), cytomegalovirus (CMV) infection and mucosal candida infection in 

Los Angeles (11).  Subsequently, more case series were reported on other 

homosexual men from New York City and California (11-13). These patients presented 

with PCP, invasive CMV, severe recurrent herpes simplex virus (HSV) infection, 

Kaposi’s sarcoma, invasive candidiasis, cerebral toxoplasmosis and cryptococcal 

meningitis. This spectrum of illnesses led researchers to suspect an acquired 

immunodeficiency syndrome (AIDS) in 1982, whose aetiology was discovered in 1983 

(14, 15). The virus identified was later renamed the Human Immunodeficiency Virus 

(HIV). At that time,  HIV affected homosexuals and heterosexuals, including sex 

workers, patients receiving regular blood transfusions such as those with haemophilia 

and migrants from the Caribbean, especially Haiti (16). The CDC reported the first 

cases of AIDS in Zaire, and the incidence of AIDS was 15 to 30 times higher in Zaire 

than in the USA (16).   

We now know that HIV can have long latency. AIDS presents after severe immune 

depletion (17). The typical course of HIV-1 infection in an individual who does not 

initiate ART follows three phases (17). Firstly, the acute phase presents flu-like 

symptoms, an increase in viral load reaching a peak and a decrease in CD4+ T cells, 

followed by the chronic asymptomatic phase or latency, which may last 7-10 years. In 
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this phase, the viral replication reaches a steady level known as the 'set point. Lastly,  

AIDS is associated with increased viral replication and decreased CD4+ cell counts. 

However, the time it takes to develop AIDS varies between individuals (17). (See 

Figure 1.1) 

  

Figure 1-1a: Time course of HIV infection without ART, showings three disease progression 
phases. 

(1) The acute phase, which presents with flu-like symptoms, an increase in viral 

load reaching a peak and a decrease in CD4+ T cells; (2) the chronic 

asymptomatic phase or latency, which may last for 7-10 years; (3) AIDS which 

is associated with increased viral replication and decrease in CD4+ cell and 

opportunistic infections. Adapted from Pantaleo et al., 1993 (17) 

The presentation of HIV AIDS in adults differs from children. Perinatally, HIV-infected 

children will vary in how rapidly they develop immune suppression and symptoms or 

signs suggestive of HIV infection or AIDS. Many factors influence the rate at which 

HIV infection progresses. 1) infants and young children have an immature immune 

system compared to adults, so  HIV thrives in a largely immunologically inexperienced 

environment (18). Most CD4+ T cells in infants are naïve and quiescent, with 

CD4+CCR5+ expression on cell surfaces less than that of adults, attaining adult levels 

only at five years of age.  In pediatric infection, during the first year of life, when viral 

loads remain high at 1×10⁵–1×10⁶ copies per mL, HIV-specific cytotoxic T Lymphocyte 
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(CTL) activity is generally hard to detect because CTL activity is lower in infants than 

it is in adults (see Figure 1-1b (19). 

Children do not see a substantial fall in viraemia in acute adult infection (19). Although 

viral loads drop gradually over the first year of life, whether the gradual emergence of 

HIV-specific CTL mediates this trend is not firmly established (19). Due to the above 

factors, long-term control of HIV is better in adult infection than in paediatric infection, 

as shown in Figure 1-1b (19). 

 

 

Figure 1-1b: Changes in viral load over time and magnitude of virus-specific cytotoxic 

T lymphocyte (CTL) activity in untreated adult and pediatric HIV infection. 

The immune system in infancy also supports decreased cytokine production with 

antibody responses, which are delayed at the onset yet persist for shorter periods with 

lower peaks than adults. The antibodies also have less heterogeneity and affinity 

maturation than adults (18). 

HIV infection should be suspected in infants and children with typical clinical features 

of HIV; however, HIV infection is a multisystem disease whose clinical features range 

from asymptomatic to complications affecting every organ system. 

 In most cases, severe infections in infants usually develop in the first six months, with 

mortality highest in early infancy if untreated; therefore, it is critical and lifesaving to 
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push for Early Infant Diagnosis of HIV infection (EID) and then ART (20). If timely EID 

occurs, followed by early initiation of ART, there is a reduction in HIV-related morbidity 

and mortality (21). 

 

1.4. HIV Genome/HIV replication 

1.4.1. HIV Genome 

HIV is a lentivirus that is comprised of a central capsid surrounded by a lipid membrane 

protein (ENV) studded with a cross-membrane glycoprotein gp41 bound to gp120 

(refer to Figure 1.2)(22). Within the capsid (which contains the viral core formed of p24 

proteins), two copies of single-stranded RNA and enzymes essential for viral 

replication, reverse transcriptase and integrase (22). The HIV genome comprises the 

typical retroviral genes gag, pol, and env flanked by long terminal repeats (LTRs) 

containing the viral promoter. Additionally, the viral genome encodes six regulatory 

genes (tat, rev, nef, vif, vpr, and vpu) and is thus considered a “complex” retrovirus. 

Gag codes for the structural proteins capsid (CA), matrix (MA), and nucleocapsid (NC); 

pol encodes the enzymes reverse transcriptase (RT), protease (PR), RNaseH and 

integrase (IN); and env encodes the glycoproteins gp120 and gp41. Tat enhances 

proviral transcription, and Rev is essential for exporting incompletely or unspliced viral 

mRNAs into the cytoplasm. The remaining genes were named “accessory” because 

they are not essential for the replication of HIV in cell culture (22).  

 

1.4.2. HIV Replication 

Replication of HIV occurs within host CD4+ T lymphocyte cells and is dependent on 

viral cell entry(22). To facilitate entry, ENV binds to the CD4 molecule in the membrane 

of host target cells, including CD4+ cells, monocytes and others, with the assistance 

of host chemokine receptors, usually CCR5 (important in the early infection)(22) or 

CXCR4(22) (which emerge later in the progression of HIV infection (22). Co-receptor 

binding triggers a conformational change in ENV that promotes membrane fusion and 

delivery of the viral capsid into the cytoplasm (22) (see Figure 1.2). After fusion, the 

single-stranded viral RNAs are reverse-transcribed into linear double-stranded DNAs 

(22) and later transported across the nuclear membrane into the nucleus. HIV then 

inserts its genome into the host cell for gene expression and productive infection. Once 
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the viral DNA is inserted into the cellular DNA by integrase, the cell is infected for the 

remainder of its life span. As part of the host cell genome, the proviral DNA is 

replicated along with the host DNA. Consequently, the spread of infection can be 

achieved either by infection of new cells by released virus particles or by division of 

cells already containing proviral DNA 

 

 

Figure 1-2 : HIV-1 replication cycle in CD4+ T helper cells 

  Adapted from ricochetscience.com 

1.5 Global epidemiology of HIV 

By the end of 2021, it was estimated that globally, 38.4 million people were living with 

human immunodeficiency virus (HIV) (23, 24) (Figure 1.3), with the majority living in 

Africa. 20.6 million people were living with HIV (55%) in eastern and southern Africa, 

and 4.7 million (13%) in western and central Africa (25).  An estimated 1.5 million 

individuals worldwide acquired HIV in 2020. This is a 30% decline in new infections 

since 2010 (24, 25). In 2020, ~690,000 people died from AIDS-related illnesses 

worldwide, compared to 1.2 million in 2010, showing that AIDS-related deaths have 

been reduced by 61% (24, 25). Although HIV infection rates are declining globally, 

including in some of Africa's most heavily affected countries, they are increasing in 

other regions, such as eastern Europe and central Asia. 
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Figure 1-3 Number of adults and children estimated to be livith HIV globally 

Adapted from UNAIDS/WHO 2019 

The battle to control the HIV pandemic has continued with more efforts to improve 

diagnosis and linkage to HIV care using effective HIV prevention tools and massive 

scale-up of ART (23). Promotion of HIV self-testing and test and treatment policies are 

among the key strategies that have improved the diagnosis of HIV. However, despite 

advances in the scientific knowledge of transmission and pathogenesis, its prevention 

and management, and significant efforts globally by governments, researchers and 

civil society organizations, many people with HIV or at risk of acquiring HIV do not 

have access to prevention, care, and treatment. To date, there is no cure (23). Stigma 

and discrimination are key barriers to HIV diagnosis and linkage to HIV care (21). 

1.6 Epidemiology of Pediatric HIV  

Ninety per cent of the 1.7 million children infected with HIV in 2020 lived in sub-

Saharan Africa (SSA). Most of these children were infected through mother-to-child 

transmission (MTCT).  

Since the turn of the millennium, national HIV care programmes, supported by 

international funding, have driven impressive achievements in diagnosing HIV and 

scaling up ART delivery (5). However, the global HIV response has not achieved the 

same milestones for children as for adults. (26). In 2019, an estimated 95 000 children 
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died of AIDS-related illnesses, and only 53% (950 000) of the 1.8 million children living 

with HIV (aged 0–14 years) globally were diagnosed and were on ART, compared to 

68% of adults (27). Two-thirds of the undiagnosed children are aged 5–14 and do not 

routinely attend traditional health facilities (27). Engaging communities and offering 

HIV services to the families of people living with HIV is essential to find, testing, 

diagnose HIV and starting ART on those undiagnosed children (27). 

Whilst WHO advises that all HIV-exposed infants should have EID testing by eight 

weeks, and UNAIDS agreed 95-95-95 targets aim to diagnose 95% of all HIV-infected 

individuals, provide ART for 95% of them and attain 95% viral suppression by 2030 

(75), globally, only 62% of infants had EID by eight weeks in 2021, a minor reduction 

from 63% in 2020 (28-30). EID in parts of SSA continues to lag behind the target. East 

and Southern Africa have the highest coverage for LMICs at 71%, but EID in West 

and Central Africa remains at 25% (28-30). Globally, ART coverage in children 0-14 

years has remained at 52%, which is much lower compared to adults, whose coverage 

increased to 76% in 2021 from 74% in 2020 (28-30). 

1.7 Mother-infant HIV care continuum  

Without intervention, infants born to HIV-infected women have  ~15%-25% risk of 

becoming infected with HIV during pregnancy and labour (31-35) and ~5%-20% 

through breastfeeding (34). The main risk factor for MTCT at all stages is high 

maternal viral load (36). ART reduces maternal viral load and is a key intervention in 

reducing MTCT.  

Prevention of mother-to-child transmission (PMTCT) refers to interventions for curbing 

paediatric HIV infection, including maternal HIV testing during antenatal care, maternal 

and infant use of ART, infant HIV testing, and safe breastfeeding practices. WHO 

recommends a comprehensive approach to PMTCT using four strategies :  

a) Primary prevention of HIV infection among women of childbearing age.  

b) Preventing unintended pregnancies among women living with HIV. 

c) preventing HIV transmission from pregnant women living with HIV to their 

infants and providing appropriate treatment,  
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d) care and support to mothers living with HIV and their children and families 

(37, 38).  

In developed countries, highly effective PMTCT programmes and better linkage 

between HIV care and ART result in >99% HIV exposed children being diagnosed and 

followed up  (39). Lack of human resources, access to HIV prevention and 

interventions such as voluntary counselling and testing (VCT) and ART are reasons 

for ineffective PMTCT in developing countries (37, 38).  

Globally, the ART coverage for pregnant women living with HIV has remained at 81% 

between 2014 to 2021. Regional differences remain, with West and Central Africa 

coverage being lower at only 60% in 2021 (28-30). 

1.8 Prevention of mother-to-child transmission (PMTCT) in Malawi 

Malawi is committed to the dual elimination of HIV and syphilis. Commitment to the 

triple elimination of mother-child transmission, which includes hepatitis is forthcoming 

(40, 41). 

 Multiple strategies are used to prevent HIV transmission from mothers to their infants 

and children; and reduce the HIV burden among mothers and their children using the 

WHO recommended strategies described above. The Malawi National PMTCT 

program uses the WHO recommended strategies (41). 

a)  Primary prevention of HIV infection among women of childbearing age.  

MoH Malawi promotes behaviour change communication to reduce risky sexual 

encounters; provision of condoms; voluntary medical male circumcision for HIV-

negative men to reduce the risk of HIV acquisition and onward transmission; scale-up 

of  (i) HIV testing in high-yield settings for early diagnosis and (ii) ART -referral, 

provision to all HIV infected adults and children, Viral load monitoring and timely switch 

to 2nd or 3rd line for patients on ART, pre-exposure prophylaxis (PrEP) and Post-

exposure prophylaxis (PEP)(41). 

b) Preventing unintended pregnancies among women living with HIV. (41). 

There are provider-initiated family planning in ART clinics in Malawi.  
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c) Preventing HIV transmission from pregnant women living with HIV to their 

infants and providing appropriate treatment (41).,  

MoH Malawi promotes provider-initiated testing for early HIV diagnosis and ART 

initiation as well as HIV care and support to mothers living with HIV and their children 

and families; lifelong ART for all HIV-infected pregnant and breastfeeding women; 

provision of safe obstetric practices, infant HIV prophylaxis and infant feeding advice 

to reduce the risk of transmission through breastmilk. 

d) Care and support to mothers living with HIV and their children and families. 

MoH Malawi promotes the integration of HIV clinical services, including follow-up of 

HIV exposure children under 24 months,  mother/infant follow-up, management of 

HIV-related diseases, preventive services for HIV patients, Cotrimoxazole preventive 

therapy (CPT), TB Preventive Therapy (TPT),  management of non-communicable 

diseases and special treatment support for children and adolescent (41). 

1.9 HIV Diagnostic techniques  

Three to four weeks following HIV exposure, a rapid viral replication and a flu-like 

illness occur. This is followed by the development of HIV-specific immune responses 

and antibodies to the core (p24) and envelope (gp160, gp41, gp120) proteins (42). 

Given this, there are three main types of HIV diagnostic tests; antibody tests, 

antigen/antibody tests and nucleic acid amplification tests (NAAT) (43, 44).  

A variety of techniques can measure antibodies to HIV. These do not detect HIV but 

an immune response to the virus and, therefore, can only be used after seroconversion 

post-HIV infection  (43). Antibodies to HIV-1 and HIV-2 are detected by enzyme 

immunoassay (EIA) (like enzyme-linked immunosorbent assay, ELISA) (43, 45). 

Because of the persistence or the transfer of maternal antibodies through breast milk, 

HIV antibody tests are not to be used in children aged less than 18 months. 

The p24 antigen (Ag) assays measure the HIV core protein p24 found in whole blood, 

serum or plasma (46, 47). When antibodies to HIV become detectable, p24 is often 

no longer detectable, possibly due to degradation after antibody recognition. Detection 

of p24 Ag can be used in children up to 18 months (46, 47). 
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NAATS use nucleic acid amplification techniques such as PCR (Polymerase Chain 

Reaction) (48, 49). The development of PCR transformed the field of biological 

research and diagnostics as it facilitated for the first time the reliable amplification and 

detection of specific nucleic acid sequences (50). This rapid, specific target detection 

has widespread PCR use in many clinical laboratories (50). Standard PCR uses DNA 

as the starting template. With the addition of the enzyme reverse transcriptase, 

Reverse Transcriptase PCR uses mRNA as the starting template and typically 

measures RNA expression (51). Real-Time (RT-PCR)/Quantitative (qPCR) detects 

PCR product, using fluorescence, in real-time during the assay resulting in a reduction 

of TAT and quantification of the product. This is an advantage over standard PCR(51). 

The subsequent development of  Real-Time (RT-PCR)/Quantitative (qPCR), which 

detects PCR products using fluorescence in real-time during the assay resulting in a 

reduction of TAT  and provides additional quantitative data alongside excellent 

sensitivity and specificity, has revolutionized pathogen detection in the last decade 

(50, 51).   For HIV, PCR assays may detect HIV RNA, DNA or total nucleic acid. HIV 

RNA assays detect HIV viral RNA in venous/capillary whole blood or on DBS. RT-

PCR of viral RNA (mRNAs, full-length RNA) has high sensitivity and specificity for HIV 

detection (27, 28)(52). Most of these methodologies quantify RNA and monitor HIV 

disease progression or response to ART (53).  

After infection with HIV, the order of detection according to HIV components follows 

RNA, protein and HIV-antibodies, respectively, as shown in Figure 1.4 (43).  

 



 

 

12 

 

 

Figure 1-4:Viral load, P24 and Antibodies during untreated infection. 

Adapted from Pantaleo et al., NEJM, 1993 (17). 

1.10 The importance of Early Infant Diagnosis of HIV infection (EID)  

Early Infant diagnosis of HIV infection (EID) refers to the early virological testing for 

HIV in infants from birth to when breastfeeding stops to enable early identification of 

those with HIV infection. This is the first step in starting lifesaving ART (27, 54, 55). 

Testing strategies for infants and children must encompass the time from birth until 

breastfeeding ends (27, 54, 55). WHO recommends that governments and health 

systems invest in early virological infant testing (56). Tests and diagnostic platforms 

for EID should be externally validated for HIV DNA or HIV RNA, such as polymerase 

chain reaction (PCR) (54, 55, 57). 

Testing for HIV at birth is an opportunity to engage the mother in follow-up care and 

potentially reduces loss to follow-up in the postnatal period. However, this only works 

for babies delivered in health facilities  (27, 54, 55). Currently, in many countries in 

Sub-Saharan Africa, when traditional birth attendants (TBAs) deliver a baby with no 

complications, they don’t document any history or HIV status as their facilities are not 
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registered. WHO recommends that virological testing be provided as early as birth or 

at six weeks of age (37), then at nine months and 18 months or when breastfeeding 

ends (54, 55). In these Sub-Saharan African countries, the recommendation is that 

mothers living with HIV are requested to bring children in for early infant diagnosis of 

HIV (EID) at six weeks,9-12 months and 18-24 months or three months after cessation 

of breastfeeding (54, 55)(35, 36).  EID policies in these countries have faced several 

programmatic challenges, and implementation has remained poor (35, 36), resulting 

in a loss of follow-up of HIV-exposed infants(56). Most countries cannot measure the 

final transmission status from mothers to babies since children often do not access 

clinical services when breastfeeding ends and are thus unlikely to be tested (54, 55).  

For example, one challenge has been that women don’t need to return babies for 

further testing after birth, hence losing to follow-up studies in South Africa (37). 

Previously, only a few HIV-infected children were on ART. However, at present, the 

guidance is that all HIV-infected children should start ART soon after diagnosis, 

irrespective of age, CD4 count and clinical staging, because of the reported outcomes 

of the Children with HIV Early Antiretroviral Therapy (CHER) trial. This trial was 

conducted in South Africa among infants aged < 12 weeks with immature immune 

systems. The CHER trial investigated various endpoints, including clinical, 

immunological, virological, feasibility and safety of early versus deferred ART initiation 

among these HIV-infected infants. Results showed that early HIV diagnosis and early 

initiation of ART decreased early infant mortality by 76% and HIV progression by 75% 

(21). Diagnosing HIV as early as possible in a child’s life is key to optimizing their life 

chances. 

1.11 HIV diagnosis in older children and adults versus infants 

Diagnosis of HIV in older children and adults differs from infants. In older children and 

adults with established infection, HIV antibody tests using a rapid method are the first 

test done (43, 44). If the test results are negative, a combined antigen/antibody test is 

used (43, 44). A NAAT test is indicated in acute or early infection because antibodies 

are not yet present for detection (43). For monitoring HIV infection in adults and older 

children, an HIV RNA test (HIV viral load) is performed. Qualitative HIV DNA PCR or 

total nucleic acid tests are currently widely used as the standard method for HIV 
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diagnosis in infants and is reliable in the presence of ART exposure for PMTCT. For 

more discussion, see chapter 5. 

1.12 Management of HIV infection in Children - Antiretroviral therapy 

(ART) 

The WHO recommends that infants born to breastfeeding mothers on ART be 

commenced on  Nevirapine once a day or Zidovudine twice daily for (4-6 weeks) (58). 

For those infants born to mothers with HIV and are at high risk of acquiring HIV: they 

should be commenced on  Nevirapine once a day + Zidovudine twice a day for 12 

weeks in breastfed infants and six weeks in non-breastfed infants, respectively (58). 

WHO also recommends Cotrimoxazole prophylaxis for all HIV-exposed children from 

4-6 weeks to a minimum of 18 months of age (when they are off breast milk and HIV 

has been ruled out). For those diagnosed to be HIV infected, lifelong Cotrimoxazole 

prophylaxis is recommended for this living with LMICs and  SSA (54, 55). 

For HIV-infected children, HIV is a life-long infection with no cure. ART reduces HIV-

RNA replication and CD4 T-cell destruction, allowing immune reconstitution and 

associated increases in CD4 count (59). In 2018, the WHO updated recommendations 

on first-line and second-line antiretroviral regimens, post-exposure prophylaxis and 

recommendations for early infant diagnosis of HIV (58). The published interim 

guidelines supplement the 2016 consolidated guidelines on using antiretroviral drugs 

for treating and preventing HIV infection (55). The ART regimens include a variety of 

drugs used in combination whilst each drug uniquely contributes its action at different 

levels of HIV, as shown in section 1.1.3. Still, together they work 1) preventing the 

virus from replicating, thereby maintaining suppression of viraemia. 2) improving 

immune function, thereby restoring CD4 function. 3) reduce HIV /AIDS-related 

morbidity and mortality, improving survival and quality of life, and 4) reduce the risk of 

transmission of HIV to others(60). The classes and examples of ART are as follows: 

The current classes of drugs included in antiretroviral therapies include a) Nucleoside 

reverse transcriptase inhibitors (NRTIs) were the first class of anti-HIV drug to be 

developed and had activity against the reverse transcriptase. This enzyme makes 

DNA copies (proviral DNA) of HIV RNA. NRTIs compete with the normal nucleoside 

triphosphates for incorporation into the growing proviral DNA chain. Examples include 
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Zidovudine (ZDV), Lamivudine (3TC) and Abacavir (ABC). B) Non-nucleoside 

reverse transcription inhibitors (NNRTIs) were the second class of anti-HIV drugs to 

be developed. They inhibit HIV-1 reverse transcriptase by binding to a hydrophobic 

pocket on the enzyme, hence locking it and rendering it inactive. Examples include 

Nevirapine and Efavirenz; however, these two NNRTIs develop resistance rapidly in 

the presence of active viral replication (low ‘genetic barrier’). c) Protease inhibitors 

(PIs) were the third class of ARVs to be developed. They inhibit HIV protease by 

binding to the active site of this enzyme, thus preventing cleavage and late stages of 

viral replication. Examples include Lopinavir (LPV) and Ritonavir (RTV). d) Entry or 

fusion inhibitors block the virus’s entry into the CD4 cells. An example is Enfuvirtide 

(T-20). e) Integrase inhibitors (INSTIs). The integrase enzyme catalyses the 

integration of proviral DNA into the host cell genome. Examples include Dolutegravir, 

Raltegravir and Elvitegravir, which inhibit the final steps of integration (61). 

Previously WHO guidelines recommended starting infants and children on two NRTIs 

combined with either a PI or NNRTI for first-line therapy(55, 58). However, recent 

WHO guidelines recommend dolutegravir-containing regimens as preferred (58, 61). 

The guidelines further state that Raltegravir is recommended for infants and children 

when dolutegravir is unavailable and is preferred for neonates. Challenges to giving 

ART to children include prior exposure to ART through PMTCT regimens, less ART 

being licenced, and paediatric formulation not being readily available. These 

challenges that limit coverage of paediatric ART need to be addressed, and more 

child-friendly ART formulations are urgently needed (58, 61). Current formulations 

include syrup, pellets, granules, tablets, and dispersible tablets. Future formulations 

will include long-acting oral ART (including new classes), simplification regimens 

comprising of dual ART, e.g. Dolutegravir / lamivudine (DTG/3TC), injections whether 

intramuscular or subcutaneous, broadly neutralizing HIV-1 antibodies (bNAbs), 

microneedle patches and implants but these are unlikely to be options available in 

resource-limited settings in the near future. 

1.13 Antiretroviral therapy (ART) for children in Malawi 

Whilst the MoH Malawi HIV testing program goals are to identify and ensure that as 

many infants and children of HIV-infected parents are tested, regardless of age 
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(including adolescents and siblings, the main ART programme goals are to ensure 

that all HIV-infected children start ART as soon as possible. 

For children weighing 3 to 19.9 kg, the first line ART regimen is a paediatric formulation 

of Abacavir and Lamivudine (ABC/3TC) + paediatric formulation of Dolutegravir 

(DTG). For 20 – 24.9kg- paediatric formulation ABC/3TC + adult formulation DTG.  For 

25 – 29.9kg - adult formulation ABC/3TC + DTG and >30kg -regimen for adults TDF 

/3TC /DTG. 

The MoH Malawi published the Clinical Management guidelines for HIV in Children 

and Adults, which advocates for: 

1) Examination of all children under 12 months of age with confirmed HIV 

antibodies for clinical conditions that constitute Presumed Severe HIV 

Disease (PSHD) and these infants are to start ART without delay.  

2) All HIV Exposed infants, children, and patients on ART must have a standard 

clinical assessment at every visit. (This helps to identify HIV-related diseases / 

opportunistic infections, ART failure and side effects of the ART). 

3) Monitoring of nutritional status 

4) Routine CD4 count for all adults and children aged five and above before/ or 

initiating ART if CD4 testing is available at the site. However, ART initiation 

should not be delayed if the CD4 machine is out of the use or results are 

delayed. 

5) Preventive services to be provided for all ART patients, including Provider 

Initiated Family Planning, Cotrimoxazole Preventive Therapy and TB 

Preventive Therapy 

6) Screening and management of non-communicable diseases associated with 

HIV and ART, respectively. 

MoH-certified clinical ART providers prescribe ART at MoH-certified static ART clinics 

and in outreach locations. These include Medical Doctors, Clinical officers, Clinical 

technicians, Medical Assistants, Registered Nurses and Nurse/Midwife technicians. 

Special ART adherence and support for children and adolescents are encouraged with 

at least two responsible guardians. 
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After ART initiation, the first scheduled VL monitoring is at six months. Suppose the 

patient has suppressed viral load at six months and is adherent and clinically well. 

Routine VL monitoring is scheduled approximately every 12 months. However, 

children on paediatric regimens and pregnant and breastfeeding women get six 

monthly VL monitoring. 

The national HIV guidelines advocate for active communication by phone or home visit 

for any patient with detectable VL results above the detection limit however, this is a 

challenge in a country where some patients don’t have mobile phones.  

1.14  Peer mentoring for children and adults living with HIV in Malawi 

MoH Malawi advocates support for HIV-infected patients, both children and adults, by 

peers or guardians. Special support is also requested for adolescents or adults who 

cannot take responsibility for their treatment due to conditions such as mental health 

disorders, drug addiction etc.. (41). The recommendation is to identify two or more 

guardians for all children to support adherence and retention (41). 

In some communities and health facilities, people living with HIV act as peers or 

mentors (41). Most of these peers are volunteers; however, in some health facilities 

and communities’ peers are employed by a non-governmental organisation (NGO) 

called Mothers2mothers (m2m) (62, 63). This NGO employs women with HIV who 

have successfully navigated the PMTCT cascade to support and ensure that other 

mothers living with HIV are engaged with, linked to, and retained in care (62, 63). They 

support HIV-infected pregnant women, breastfeeding mothers and their children, and 

adolescents (62, 63). The m2m peers are employed and trained to support HIV 

diagnosis, ART adherence, early childhood development, nutrition and reproductive 

health. The peers ensure patients come for testing and ART clinic appointments. If 

they fail to attend, the peers do home visits  (62, 63),  but during the Covid -19 

pandemic, the peers communicated with patients via mobile phones only. Whilst this 

is a very good initiative, it is only available in 10 districts and 14 communities in Malawi.  
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1.15 Early diagnosis (EID) of HIV in Malawi 

Malawi was the first country in the world to adopt the PMTCT strategy called Option B 

plus (64, 65). This strategy refers to providing lifelong ART for all HIV-positive pregnant 

and breastfeeding women, irrespective of the CD4 count, immediately after HIV 

diagnosis (64, 65). Conversely, infants are initiated on a 6-week NNRTI Nevirapine 

syrup prophylaxis program until the cessation of breastfeeding and ascertain an HIV-

negative status (41, 64, 65). The decision to offer ART for life to all HIV-infected 

pregnant and lactating women in Malawi was due to a limited capacity to conduct CD4 

count testing for all HIV-infected pregnant women. It was also to determine the 

eligibility for treatment and to address concerns about the health of women who initiate 

and later discontinue ART secondary to frequent pregnancies.  This situation drove 

the WHO to recommend Option B Plus; later, other resource-limited countries adopted 

Option B plus (64). 

The existing national recommendation for HIV-exposed infants is to get HIV tests at 

six weeks using conventional HIV DNA PCR by Abbott. They are followed by repeat 

testing at 12 months and 24 months using HIV antibody tests Determine/Unigold as 

there is a chance that those born HIV negative can be infected through breastfeeding. 

Follow-up of HIV-exposed infants stops at 24 months of age or three months after 

cessation of breastfeeding (66) (see Figure 1.5 below). 

The rationale for using NAAT, in this case, HIV DNA PCR, is that infants are a special 

group. When babies are newly born, the viral load may be low hence the need to look 

for integrated HIV DNA to confirm HIV infection (27, 54, 55). Malawi's HIV DNA PCR 

testing process involves batch testing of dried blood spots (DBS) collected on filter 

paper. The DBS is sent to central laboratories, which are processed and tested. 

Ideally, the results should be received at the next clinic visit for the mother and infant 

pair (4 to 6 weeks)(27, 54, 55).  In 2018, Malawi had ten laboratories conducting HIV 

DNA PCR, meaning samples had to be transported from health facilities to these 

laboratories.  
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Figure 1-5 Algorithm for early infant diagnosis of HIV in Malawi for the year 2018 adapted from 
Malawi HIV Unit Integrated reports in 2018 (34-37) 

Each year, approximately 40,000 HIV-exposed infants in Malawi are eligible for EID 

testing with HIV DNA PCR (67-70). In 2018, 38393 HIV-exposed babies were born & 

discharged from maternity units (67-70). From these, 45,637 DNA-PCR samples were 

collected and recorded by MoH (67-70). Seventy per cent (31730/45637) of the results 

were received at the site. Only 44% (20038/45637) of mothers received infants’ results 

(67-70). 

1.16 Challenges of EID in Malawi 

The EID diagnostic cascade has faced challenges at every level (national, facility and 

individual), resulting in only 44% of mothers receiving the results (67-70). In 2018 
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when this study was carried out, only ten centres in Malawi could run the EID HIV DNA 

PCR  (66-70). Because antibodies persist for 12-18 months, DNA PCR is the gold 

standard with high sensitivity and specificity. Due to its high costs and requirement for 

sophisticated lab infrastructure, only a few centralised Malawian laboratories could do 

DNA PCR. This required sample transportation and resulted in transportation to and 

from these ten centres resulting in losses. The bottleneck arising from this process 

caused a significant time lag from the time samples were taken to be processed to the 

return test results. The impact on retention in the cascade of care was that most HIV-

exposed infants did not receive results until after 3-6 months when the risk of mortality 

is highest. In 2016, the Malawi HIV Unit reported an 8% loss of the DBS sent for HIV 

DNA PCR testing by Abbott with a results turn-around time (TAT) of 2 to 3 months 

longer than the WHO recommended 30 days. It contributed to a 33% loss in the follow-

up of HIV-exposed infants by 24 months of age (66). The main contributing factor here 

is the financing of the diagnostic cascade.  Patient care and communication quality at 

the facility level did not meet the required standards, as not all test results were 

communicated to the mothers and caregivers (66) (67-70). Individual mothers face 

hurdles in returning to the facility multiple times to collect the results. The distance to 

the facility, the opportunity cost related to stopping earning for that day and the stigma 

associated with the diagnosis of HIV may all impact the mother’s decision to return for 

the baby’s HIV results. (66) (67-70). A fast, accurate, inexpensive NAAT that can be 

carried out in district general hospitals and local health centres is required to reduce 

these bottlenecks. 

HIV antibody tests are not ideal for diagnosing HIV in infants and babies under 18 

months, but in Malawi, they are used at 12 months of age, as shown in Figure 1.5 

above. Maternal antibodies transferred to the baby while in utero interfere with the 

diagnosis resulting in many false positive test results (54). Despite this problem, HIV-

exposed Malawian children aged 12 to 18 months still are assessed using antibody 

tests (67-70) (see Figure 1.5) due to the costs associated with HIV DNA PCR testing. 

For this reason, at the time of the study, the WHO-updated EID guidance in 2018 (36) 

was still not fully implemented in Malawi. The HIV antibody tests used are the Abbott 

DETERMINE for HIV 1 / 2 (Abbott Laboratories) – Determine; and Uni-Gold 
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Recombigen (Trinity Biotech, Wicklow, Ireland) – Uni-Gold (66). If there are 

indeterminate results, a third or tie-breaker test is used (66) (67-70). 

EID testing in Malawi, therefore, fails to meet current WHO standards. For example, 

the WHO has ASSURED test criteria which can be used as a benchmark for identifying 

the most appropriate diagnostic tests for resource-constrained settings (71). This 

requires that tests are:  

Affordable (cost-effective),  

Sensitive- <500 HIV RNA copies per mL,   

Specific,   

User-friendliness (usability by health workers, e.g., lab technicians and nurses) 

Rapid (short turn- around time) and robust,   

Equipment-free   

Deliverable to end-users, both health workers and parents/patients (acceptable, 

accessible) 

The criterion was developed in 2003 and has been used to promote access to 

diagnostic tests and guidance in treating infectious diseases (71). The development 

of POCT for infectious diseases has focused mainly on sexually transmitted infections 

[STIs] using serology (72, 73). however, there are some commercially available NAAT 

POCTs for other infectious agents, such as Cepheid Xpert MTB/RIF for TB (74), Loop-

mediated isothermal amplification for TB (TB-LAMP) (75) and Cepheid Xpert 

MRSA/SA BC Assay for Methicillin-resistant Staphylococcus aureus (76).  Various 

studies have assessed the sensitivity, specificity, turn-around time, benefits, and 

limitations (e.g., costs, availability, infrastructure needs) of these POCTs above (73, 

77-82).  

In Malawi, the current EID testing strategy with a 2-3 months TAT fails to meet WHO 

ASSURED criteria, especially the key elements of “Robust and Rapid”. The 



 

 

22 

 

recommended TAT is 30 minutes and “Deliverable to end users where tests should 

be easily accessible to patients and caregivers. 

1.17 The argument for POCTs in EID  

Whilst the world is aiming to attain the Joint United Nations Programme on HIV/AIDS 

(UNAIDS) agreed 95-95-95 target (diagnose 95% of all HIV-infected individuals, 

provide ART for 95% of them and attain 95% viral suppression by 2030 (75)). The high 

prevalence of HIV-related infant morbidity and mortality has impeded reaching the 95-

95-95 target and health-related sustainable development goals (83). To achieve the 

first 95% where HIV-infected infants ‘status is known. There is a need to overcome 

the challenges of conventional PCR using DBS, such as delays in HIV testing, long 

TAT of test results and loss of samples. POCTs use in EID  in district general hospitals 

in resource-limited settings like Malawi should be considered (84). POCTs may reduce 

costs whilst providing rapid diagnostic services in developing countries (56, 85). POCT 

or near-patient test (NPT) may be defined as an analytical test undertaken by a 

healthcare team member or a non-medical individual in a setting distinct from a 

standard hospital laboratory (85). POCTs are conducted by non-laboratory personnel 

in potentially resource-poor settings, so they must be robust and easy to perform and 

interpret (85). Complex tests, defined as those which require equipment maintenance, 

troubleshooting and significant operator training and experience, are best suited for 

centralized laboratories (85).  

1.18 POCTs used in EID  

There are several WHO NAT prequalified and quality-assured POCTs for the 

diagnosis of HIV. These include Alere™ q HIV-1/2 Detect (86) and Cepheid Xpert HIV-

1 Qual assay (XpertHIV) and are alternatives to the traditional DNA/ RNA PCR test 

(87). Their big advantage is in providing same-day results and therefore reducing TAT. 

They are as sensitive and specific as conventional DNA PCR tests (56, 86, 87).  

1.18.1 Alere q HIV-1/2 Detect (Alere Healthcare, Waltham, 

Massachusetts, USA) 

Alere™ q HIV-1/2 Detect (Alere Healthcare, Waltham, Massachusetts, USA) is a 

qualitative total nucleic acid amplification test that uses a multiplexed real-time PCR 
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methodology that allows amplification and detection of more than one target of HIV-1 

and HIV-2 at the same time. The assay distinguishes between HIV-1 subgroups M, N, 

O and HIV-2. It incorporates onboard controls with every sample run in 52 minutes 

(85, 86). The sensitivity and specificity of the Alere™ q HIV-1/2 Detect are comparable 

to conventional PCR, which is the gold standard. The main disadvantages of the Alere 

q HIV1/2 Detect are threefold. First, the assay limit of detection is 2500 copies/ml (86), 

whilst WHO Assured Characteristics state a detection limit of 500 RNA copies/ml; 

therefore, potentially missing HIV-infected infants with low HIV viral load. Secondly, 

the assay takes 60 minutes to run (WHO assured characteristics recommend that 

POCT devices should give a result in less than 30min). Additionally, each instrument 

can only run one test simultaneously; therefore, only eight tests can be run within a 

typical working day (86).  

1.18.2 Simple amplification-based assay semiquantitative test for HIV-1 

(SAMBA) 

Diagnostics developed SAMBA for the Real World (Diagnostics Development Unit 

(DDU), University of Cambridge). It uses Isothermic amplification and Hapten-based 

signal detection for total nucleic acids in a dipstick format on a nitrocellulose 

membrane. The assay uses SAMBA Platforms I and II, which integrate the extraction, 

amplification and detection of the amplified products occurring in a closed cartridge.  

It has been developed to distinguish between patients with a viral load above and 

below 1,000 copies/ml within 90 min. It detects HIV-1 subgroups M, N, O and HIV-2 

(88). These platforms are currently being evaluated in Zimbabwe, Malawi and Uganda. 

Although developed as POCT, these assays required several manual steps to achieve 

an HIV diagnosis (88).  

1.18.3  Cepheid Xpert HIV-1 qual assay 

Cepheid Xpert HIV-1 qual assay qualitatively detects HIV-1 total nucleic acid from 

individuals suspected of HIV-1 infection using real-time PCR. It uses the GeneXpert 

Instrument (Cepheid, Sunnyvale, CA, USA), a closed, self-contained, fully integrated 

automated platform that combines sample preparation with real-time PCR 

amplification and automated nucleic acid analysis. The system is designed to purify, 

concentrate, detect, and identify targeted nucleic acid sequences, delivering answers 

directly from unprocessed samples HIV-1 detected yes or no (87). The assay requires 
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three steps: transfer 100 μL of whole blood into the large hole in the cartridge, 

dispensation of 750 uL elution reagent into the small hole in the cartridge,  insertion of 

the cartridge into the Xpert platform and starting the run of the assay (85, 87). The 

Cepheid Xpert HIV-1 Qual test is more sensitive than the Alere q HIV1/2 Detect test, 

having a detection limit of 668 copies/ml for dried blood spots and 278 copies/ml of 

HIV for whole blood; hence the motivation to use whole blood in this study (87). 

However, it takes 90 minutes to run, although multiple tests can be run simultaneously. 

For now, the machine is not battery-operated and relies on a constant electrical power 

supply, often unavailable in many African settings. In Malawi, the main advantages of 

XpertHIV are that it uses the Cepheid GeneXpert instrument, which has different 

modules. The number of samples processed depends on the size of the machine. A 

four-module instrument processes 21 samples, and sixteen module instrument 

processes 96 samples in a typical working day. Backup batteries are available in all 

health facilities with GeneXpert instruments. Malawi has over 114 GeneXpert 

machines supported by the Malawi TB programme. This existing infrastructure would 

significantly decrease the cost of implementation and scale-up of XpertHIV in EID. 

1.19 New potential tests for HIV diagnosis  

1.19.1 IP-10 

An effective inflammatory immune response first requires the recruitment of cells to 

the site of inflammation and their appropriate activation and regulation. Chemokines 

are critical in this response since they are both chemotactic and immunoregulatory 

molecules (89). Interferon-gamma-induced protein 10 (IP-10), CXCL10, is a 

proinflammatory chemokine originally identified as an IFN-γ-inducible gene (90). It is 

an 8.7 kDa protein induced in various cells in response to IFN-γ and 

lipopolysaccharide (LPS)(90). In contrast to other CXC chemokines, it is produced by 

neutrophils and is a strong chemoattractant for activated T-cells. It is a pleiotropic 

molecule that targets activated T cells and monocytes, inducing T cells to migrate into 

the tissue (90, 91). 

IP-10 expression has been associated with HIV infection (90, 91).  IP-10 is secreted 

from monocytes, lymphocytes and neutrophils in response to interferon-γ and tumour 

necrosis factor-α, 8, 9 as shown in Figure 1.6 below. IP-10 is upregulated in many viral 
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and bacterial infections, including HIV. Children generally have many viral infections 

that may upregulate IP-10, which may not be specific to HIV. In active TB disease, IP-

10 levels increase (median 1019 pg/ml, range: 320–5047 pg/ml) compared to control 

(median 320 pg/ml, range: 320–7275 pg/ml, p = 0.073). Results were even high when 

stimulated with TB-specific antigens (92); however, the IP-10 levels overlap, possibly 

due to the controls having other viral or bacterial infections. 

 

 

Figure 1-6 Postulated pathways involved in IP-10 induction in HIV infection and the impact of 
increased levels of IP-10 on the various cells of the immune system.  

Monocytes and dendritic cells secrete IFN-α, stimulating immune cells to 

produce IP-10. IFN-γ, HIV accessory protein Tat and TNF-α induce IP-10 

production. GP120 also induce IP-10 via an unknown pathway. ISG-15 promotes 

IP-10 production but suppresses ISG-15 and STAT-1 signalling. Lastly, 

microRNA-21 suppresses IP-10 production. In general, increased IP-10 levels 

may result in HIV disease progression; this is characterised by loss of CD4+ T 

cells, increased viral replication and impaired function of the immune system. 

Source: Lei et al., cytokine 2019 (90) 

Various studies have explored host and viral proteins present during Acute HIV 

infection (AHI), aiming to identify biomarkers of progression. IP-10 has been 
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suggested as an accurate screening tool for detecting HIV Infection in adults in 

resource-limited settings because it is a cheaper test than PCR (93). In Mozambique, 

Pastor et al. showed that plasma IP-10 level, because of its strong association with 

HIV viral load (VL), could be a surrogate marker of detectable viremia in 

seronegative acutely infected adults, untreated chronically infected adults and 

adults on ART with virological failure (93). Using a cut-off value of IP-10 

≥160pg/mL, seronegative adults with AHI were identified with a sensitivity of 95.5% 

(95%CI 85.5-99.5) and a specificity of 76.5% (95%CI 62.5-87.2).  IP-10 expression is 

not HIV-specific, but a discriminatory IP-10 threshold gave a clear yes/no identification 

of patients who require confirmatory testing with nucleic acid testing (NAT)(93).  

Several studies have explored IP-10 correlation with HIV infection and VL in adults 

(93, 94) and its role in establishing HIV reservoirs in CD4+ T cells (95). IP-10 levels 

correlated with  HIV co-infection in children with active tuberculosis and HIV co-

infection in Ghana (96) and Prevotella in the gut of perinatally HIV-infected children 

(97) respectively; however, no studies have been published on IP-10 as a screening 

test for HIV infection in children. 

1.19.2  Loop-mediated isothermal amplification (LAMP) 

Loop-mediated isothermal amplification (LAMP) is an isothermal amplification method 

that uses multiple primers for the diagnostic target. Therefore, it has a specificity much 

higher than that achieved by RT-PCR, which uses two primers (98, 99).  Comparative 

studies show that LAMP has many advantages compared to PCR (Table 1.1). The 

benefits include TAT of test results (30 minutes versus  > 1 hour, respectively), visual 

detection, affordability, easy handling, less training required, use of simple equipment 

and less sensitivity to inhibitors  (99). The disadvantages of LAMP include: some target 

sequences being unsuitable for LAMP primer design, risk of contamination from the 

significant number of amplicons produced resulting in false positives, reagents not 

readily available or only present in lyophilised forms in LMICs, and inter-observer 

variability for visually detected LAMP where the colour change does not strongly 

indicate a positive or negative result. For HIV diagnosis, high accuracy with precise 

positive and negative results is important, as false positives or negatives have 

significant implications. Conversely, LAMP provides all the high throughput benefits of 

PCR without the need for a thermal cycler since it is performed at a constant 
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temperature, addressing the equipment-free aspect of the WHO ASSURED 

framework 

 

Table 1-1 LAMP compared to PCR 

  PCR LAMP 

1 Requires temperature cycling Isothermal (single) temperature 

2 Requires two primers Requires 4-6 primers 

3 Slow: Typically, > 1 hour Rapid: Typically, < 30 minutes 

4 Typical yield: 0.2ug Typical yield: 10 -20 ug 

5 Not amenable to visual detection Amenable to visual detection 

6 Sensitive to sample matrix inhibitors Tolerant to sample matrix inhibitors 

7 Can be multiplexed Difficult to multiplex 

8 Assay design possible for most targets Assay design limited for some targets  

Various HIV LAMP assays have been published in research, showing comparable sensitivity 

and specificity to PCR. e.g. Curtis et al  (100-103) (104, 105), Hosaka et al 2009 (106), 

Singleton 2014 et al (107), Odari 2015 et al (108) and Ocweija 2015 et al (109). Results from 

these papers motivated me to explore if a POCT HIV LAMP assay could be optimized and 

established for HIV testing in infants and children.  Given the balance of potential advantages 

and disadvantages compared to PCR, evaluating LAMP within EID in resource-poor settings 

appears worthwhile.  
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1.2. The rationale of the study 

Several factors motivated the current study, first was the clinical observation that a high 

proportion of HIV-exposed infants in Malawi (33%) and other parts of sub-Saharan Africa 

were lost to follow-up. Patients continued to present late for ART initiation. They had poor 

linkage to HIV care, despite the availability of prequalified point-of-care tests for HIV 

diagnosis and rapid scale-up of ART delivery. 

At this thesis's commencement, a few studies from sub-Saharan Africa had been published, 

suggesting that WHO-prequalified POCTs such as XpertHIV using DBS performed well 

compared to conventional PCR using DBS. They might be adopted in decentralised 

laboratories contributing to the prompt diagnosis of HIV-exposed infants, enabling early 

linkage to care, thus advancing further gains in EID (112, 113). Still, there was little 

understanding of the true magnitude of the impact of XpertHIV using whole blood protocol 

instead of DBS.  

Secondly, studies on Isothermal nucleic acid amplification techniques, such as reverse-

transcription loop-mediated isothermal amplification (RT-LAMP), showed that HIV LAMP’s 

characteristics are suitable for developing a rapid, low-cost NAT that can be used at the POC. 

However, to demonstrate utility for global use in LMICs like Malawi, studies were needed to 

validate the performance and impact of HIV LAMP (68, 85, 114). 

Lastly, the biomarker CXCL10/IP-10 is a proinflammatory chemokine suggested as a 

potential screening tool for detecting HIV infection in adults in resource-limited settings but 

not children (97, 115). However, there was little understanding of the true magnitude of how 

XpertHIV using whole blood or HIV LAMP, or biomarkers IP-10 could improve the turn-around 

time of results, time to ART initiation, loss to follow up and linkage into care. Together, these 

initial observations prompted this work to validate HIV LAMP and Xpert HIV using whole 

blood and their impact on TAT, ART initiation and linkage to care, as well as the utility of IP-

10 biomarker in the diagnosis of HIV in infants exposed to HIV in Malawi. Therefore, this is 

the first study to evaluate the acceptability, feasibility, and cost-effectiveness of XpertHIV 

using whole blood in Malawi.  As stated earlier, in 2022, Malawi currently has 113 Cepheid 

GeneXpert instruments for TB diagnosis. This project's outcome may provide evidence to 

assist with implementing the XpertHIV whole blood as a point-of-care test for HIV diagnosis 

in infants in a rural setting (without further substantial capital investment). This 



 

 

29 

 

implementation could provide robust evidence to inform policymakers and practitioners in 

Malawi and the region.  This study will also be the first to optimize and assess the impact of 

LAMP as a POCT on HIV diagnosis and early initiation of ART in Malawi (see Figure 1.7). 
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Figure 1-7 Outline of studies  and their corresponding PhD Studies and chapters per the WHO 
ASSURED criteria 
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1.3. The Overarching aim of the thesis  

As discussed above, the WHO’s ASSURED test criteria should be met in identifying 

diagnostic tests for resource-constrained settings. The ASSURED criteria, therefore, provide 

a useful real-world framework for the research. The PhD aimed to find an appropriate POCT 

per the WHO ASSURED framework for the diagnosis of HIV in children under 18 months of 

age through six sub-studies, each addressing different components of the ASSURED criteria 

(See Figure 1.7). 

These were Affordability (cost-effectiveness), Sensitivity, Specificity, User-friendliness by 

laboratory technicians, Robust and Rapid (Turn-around time) and Deliverable to end-users 

(acceptability and accessibility). For ease of reference, we have numbered the criteria in 

ascending order, combining sensitivity and specificity as criteria 2 (See Figure 1.7) 

The research aim was to compare XpertHIV, IP-10, and LAMP versus standard of care PCR 

by Abbott and assess the benefits in terms of feasibility, acceptability, improved TAT, time to 

initiation of ART, retention in the cascade of care and cost/cost effectiveness at district 

hospital level in Malawi, a country with a generalised HIV epidemic.  

The specific objectives were: 

1. To assess the a) performance ( sensitivity and sensitivity of XpertHIV); b) TAT of EID 

using XpertHIV versus SOC (DNA PCR), where turnaround time is defined as the time 

from sample collection to family receipt of results and among those diagnosed to be 

HIV infected, assess time to initiation of ART; c)  acceptability of  XpertHIV among 

caregivers and nurses; d) usability of  XpertHIV by lab technicians;  e) cost-

effectiveness of  XpertHIV whole blood (WB) for the diagnosis of HIV infection in 

infants and children in rural Malawi. 

2. To assess the utility of IP-10 biomarkers in diagnosing HIV infection in infants exposed 

to HIV in Malawi using quantitative methods. 

3. To determine if the LAMP assay could be optimized for the diagnosis of HIV in infants 

and babies less than 18 months old. 
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1.4. Over-all study design and structure of the thesis 

As stated above, the current chapter provides a general background, rationale, and 

introduction to the thesis. Chapter 2 is a systematic review and meta-analysis of POCTs used 

for HIV diagnosis in infants. The study setting, methods and role of the candidate are 

presented in Chapter 3. The thesis objectives are addressed in 5 studies which address 

different components of the WHO ASSURED framework as discussed above and are 

presented in Chapters 4-9 as follows: Chapter 4 assessed the performance 

(sensitivity/specificity), TAT of test results, time to initiation of ART and usability of Cepheid 

Xpert HIV-1 Qual assay (XpertHIV) using whole blood by laboratory technicians using semi-

structured questionnaires in comparison PCR by Abbott as the gold standard. Chapter 5 

assessed linkage and persistence in HIV care.  Chapter 6 is a qualitative study which 

explored the acceptability of XpertHIV using whole blood to caregivers and health workers in 

Mulanje, Malawi using semi-structured interviews. 

Chapter 7 is a costing and cost-effectiveness study of XpertHIV using whole blood versus 

PCR by Abbott using dried blood spot: a societal perspective. Chapter 8 assessed biomarker 

IP 10 as a screening test for HIV infection in infants and children. Chapter 9 focuses on 

optimising HIV LAMP assay, including a detailed overview of relevant LAMP technology. The 

relationship between the different studies and how they relate to the WHO Assured 

framework is presented in Figure 1.7.  A summary of the research findings and their 

significance are discussed in Chapter 10.
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Chapter 2: A systematic review and Meta-analysis of POCTs used 

HIV diagnosis in infants. 

In the preceding chapter, research gaps and objectives of the PhD have been discussed. 

This chapter presents a systematic review and meta-analysis of point-of-care tests (POCTs) 

used in HIV diagnosis. This review summarises the state of the art of POCT methods which 

are a key focus of this thesis and will provide a firm evidence base against which to situate 

the remainder of the research.  

2.1. Introduction 

Evidence-based practice in health care, guidelines and policies are crucial for delivering 

patients the best possible health care (110). One way to gather and synthesise health care 

evidence is by conducting systematic reviews and meta-analyses(110). In the area of 

infectious diseases, many systematic reviews and meta-analyses have been undertaken, 

including in the area of diagnostic tests and POCTs used for common infectious diseases, 

including human coronaviruses (111), hepatitis C (112), chlamydia trachomatis (113) and 

influenza (114). 

Many studies have reported findings on diagnostics tests used for EID; however, the 

performances of these POCTs, although readily available in sub-Saharan Africa, have not 

been systematically evaluated. It is important to systematically evaluate and draw 

conclusions about the performance of POCTs used for EID and the quality of these studies 

hence the motivation of this systematic review and meta-analysis. Findings from this review 

will add to the body of evidence that could be used to guide clinical practice and raise 

awareness of opportunities for developing the next-generation POCTs for EID. 

2.2. Aim 

1.  Assess the quality and scope of available primary studies using POCTs in EID.  

2.3. Specific objectives 

1.  Assess the sensitivity of POCTS used in EID. 

2. Assess the specificity of POCTs used in EID. 
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2.4. Methods 

2.4.1. Eligibility criteria 

Studies evaluating the use of POCTs for HIV diagnosis for EID (below two years) using 

POCTs compared to a centralised HIV-1 DNA/RNA testing were included. The measure's 

outcome was the POCT used and its sensitivity and specificity. Studies testing commercially 

prepared sample panels were excluded.  Publications on laboratory-based HIV-1 DNA/ RNA 

diagnostics, POCT assays in adults, rapid antibody HIV tests, combined rapid 

antibody/antigen tests, and POCTs used to diagnose infectious diseases other than HIV were 

also excluded. 

2.4.2. Search strategy 

The search was carried out in March 2020 and updated in October 2020. Medline, EMBASE, 

Web of Science, and the Cochrane controlled trial register were searched using the following 

terms:  

“Point of care test* or near patient test* or bedside test* or POCT* or rapid test* or point of 

care diagnostic* combined with HIV or Human immunodeficiency virus or acquired 

immunodeficiency syndrome. References to included studies were searched for additional 

relevant literature. Conference abstracts were excluded due to insufficient detail. Additional 

literature repositories and resources, e.g., libraries/grey literature, were searched with the 

librarian's support at the Great Ormond Street Institute of Child Health (GOS ICH). 

Apart from myself, two other researchers, (RE) and (NJ), also ran the search. References of 

included studies were searched for additional relevant literature. Conference abstracts were 

excluded due to insufficient detail. 

2.4.3. Inclusion/exclusion criteria 

In general, studies were considered for inclusion if they had addressed at least one of the 

review’s aims mentioned above and had a sample size of >10. Studies also needed to 

present original data; hence, we did not include reviews and commentaries. Due to budgetary 

constraints, we only considered studies published in English; however, we also considered 

studies published in other languages with detailed abstracts in English. Due to quality issues, 
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we only considered peer-reviewed journals. There was no restriction based on the date of 

publication. 

2.4.4. Data extraction 

Study titles and abstracts were checked for eligibility according to the inclusion criteria. Full-

text articles were retrieved for potentially eligible studies, and three researchers agreed upon 

the final set of included studies. Two independent reviewers (RE and NJ) extracted data 

using a standard data extraction form that recorded characteristics of the studies, sample 

size, intervention- POCT evaluated, comparator - the reference assay, test accuracy 

(correlation or concordance, sensitivity, specificity) and error rate.  

2.4.5. Quality assessment 

The quality of the studies comparing POCT to reference assays was assessed by two 

independent reviewers using 18 of 24 criteria selected from the STARD guidelines for 

reporting diagnostic studies (110). These criteria were selected based on relevance to the 

literature reviewed. The 18 parameters appraised covered six main categories, including the 

title; abstract and key words; introduction; methods (participant eligibility criteria and 

sampling, reference and index test methods and statistical methods for comparing measures 

of diagnostic accuracy); results (flow chart of participant sampling, the turnaround time to test 

results for reference and index tests and reported estimates of diagnostic accuracy). Each 

reviewer scored the publications, with disagreements resolved by discussion with all 

reviewers. 

We conducted a risk of bias assessment at the level of the study using QUADAS-2 (the 

University of Bristol, the recommended tool for evaluating primary studies included in 

systematic reviews involving the assessment of diagnostic accuracy (115). We assessed the 

risk of bias and applicability concerns using four domains: (1) patient selection, (2) the index 

test, (3) the reference standard, and (4) patient flow and timing of tests. The level of risk or 

concern was reported as either high, low or unclear. 

2.4.6. Statistical analysis 

A meta-analysis for all studies was performed with data that allowed the completion of a 

diagnostic test assessment providing both sensitivity and specificity of POCT for HIV in 
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infants against a reference standard of centralized HIV-1 DNA/RNA testing (116-118). 

Analysis was conducted using MIDAS (119, 120) (module from version 15.0; STATA 

Corporation, College Station, TX, USA), utilising joint modelling of sensitivity and specificity. 

Point estimates and 95% confidence intervals were estimated for each study's sensitivity and 

specificity and pooled data using bivariate random effects modelling.   

A summary receiver operating characteristics (SROC) curve was plotted to infer diagnostic 

quality. In the SROC curve, the diagnostic accuracy of the point-of-care HIV testing was 

estimated by the area under the curve (AUC) and the summary operating point.  

Heterogeneity across studies using the I2 statistic was assessed. A bagplot was used to 

examine the spread of the observed data and identify outliers.  The clinical utility of point-of-

care HIV testing was examined using a Fagan plot. The Deeks’ funnel plot was utilised to 

identify evidence of publication bias in diagnostic performance studies. 

Two independent reviewers and I assessed the quality of the studies comparing POCT to 

reference assays and scored them using 18 of 24 criteria selected from the STARD 

guidelines for reporting diagnostic studies (110), as discussed in the quality assessment 

section above. 

2.5. Results 

2.5.1. Study selection 

The search returned a total of 7110 papers. Following the removal of 2684 duplicates, 4426 

abstracts were screened, and 4129 /4426 were ineligible for title screening (Figure 2.1). Two 

hundred ninety-seven references were eligible, with 282 ineligible after abstract and full-text 

review.  Twelve full-text articles met the inclusion criteria and were included in the final 

evaluation.  
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Figure 2-1 Summary of the study search and selection process. 

2.5.2. Characteristics of the studies 

Table 2.1 outlines the characteristics of the 12 included studies. All studies were published 

between 2014 and 2020. Of these studies, nine were field reviews comparing the 

performance of POCTs to a reference assay, and three were implementation studies. 

The range sample size per study was 10 to 5043 patients. The studies from these 12 papers 

were all conducted in sub-Saharan Africa. The countries include Malawi, Uganda, South 
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Africa, Cameroon, Côte d’Ivoire, Kenya, Lesotho, Mozambique, Rwanda, Swaziland, 

Tanzania and Zimbabwe. The ethnic origin of the HIV-exposed infants was African. 

2.5.3. Choice of HIV point-of-care tests and lab-based comparator tests 

Five studies evaluated Cepheid Xpert HIV-1 Qual assay (XpertHIV) only (116-118, 121, 122), 

whilst four studies evaluated Alere q HIV-1/2 Detect (Alere q) only  (123-126). Three studies 

evaluated both POCTs (127-129). The reference assays used to compare POCTs to 

laboratory-based assays are detailed in Table 2.1. Eleven studies used Roche Cobas 

Ampliprep/Taqman (CAP/CTM) HIV-1. One study (127)  did not specify the centralized 

laboratory test used.  The studies assessing POCT XpertHIV mostly used DBS compared to 

laboratory-based NAAT assays, which also used  DBS, whilst  POCT Alere q  used 25ul of 

whole blood (123). 
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Table 2-1 Characteristics of the studies 

Study Country Methods POCT Sample size Sensitivity Specificity Reference assay 

Sabi 2019 

(118) 

Tanzania a prospective diagnostic 

cohort study of infants; 

evaluated the accuracy and 

operational feasibility of the 

POCT 

Xpert HIV-1 

Qual 

674 100% (95% CI 

69.2 to 100%; 

DBS 66.4 to 

100%) 

100% (95% CI 

92.1 to 100%; 

DBS 88.4 to 

100%) 

COBAS TaqMan V2 

(Roche Molecular 

Systems, Branchburg, 

NJ, USA) 

Jani 2014 

(128) 

Mozambique 

 

Xpert HIV-1 

Qual or 

Alere Q HIV-

1/2 DETECT  

827 98.5% (95% CI 

91.7 to 99.9%)  

99.9% (95% CI 

99.3 to 100%) 

Roche COBAS 

AmpliPrep/COBAS 

TaqMan (CAP/CTM 

96) HIV-1 Qualitative 

Test (Roche Molecular 

Diagnostics, 

Branchburg, NJ, USA) 

Kufa 2020 

(127) 

South Africa Prospective Implementation 

study of specimens from 5043 

infants 

Alere Q HIV-

1/2 DETECT 

5074 99.5% (95% CI 

99.3 to 99.7%)  

99.5% (95% CI 

99.3 to 99.7%)  

Centralized laboratory 

testing (CLT)  

Murray 

2017 (129) 

South Africa Field evaluation study Xpert HIV-1 

Qual & 

Alere Q HIV-

1/2 DETECT 

332 97.12 % (95% CI 

91.86 to 

99.01%) 

99.53% (95% 

CI, 97.41 to 

99.92%) 

laboratory-based 

Roche CAP/CTM HIV 

qualitative version 2.0 

assay (Roche 
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Study Country Methods POCT Sample size Sensitivity Specificity Reference assay 

Molecular Systems 

Inc., Pleasanton, CA, 

USA) 

Dunning 

2017 (123) 

South Africa Field 

evaluation/implementation 

study of infants 

Alere Q HIV-

1/2 DETECT 

478 100% (95% CI 

39.8 to 97.5%) 

100% (95% CI 

39.8 to 97.5%) 

Roche Cobas 

AmpliPrep /Cobas 

TaqMan (CAP/CTM) 

HIV-1 qualitative 

assay (Roche 

diagnostics, 

Branchburg, NJ, USA) 

Meggi 

2018 (125) 

Mozambique prospective, observational 

cohort study of HIV-exposed 

infants 

Alere Q HIV-

1/2 DETECT 

2350 100% (95% CI 

89.4 to 100·0) 

100% (95% CI 

99.8 to 100·0) 

Roche CAP/CTM 96 

HIV-1 Qualitative Test 

v2 (Roche Molecular 

Diagnostics, 

Branchburg NJ, USA) 

Spooner 

2019 (126) 

South Africa An effectiveness-

implementation hybrid type-2 

study of HIV-exposed infants 

Alere™q HIV-

1/2 Detect 

440 316/317 (99.7%) 116/117 

(99.1%) 

(COBAS® 

AmpliPrep/COBAS® 

TaqMan® (CAP/CTM) 

HIV-1 Qualitative test 

v2.0 (Roche® 
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Study Country Methods POCT Sample size Sensitivity Specificity Reference assay 

Molecular Systems, 

Inc., Branchburg, New 

Jersey, United States) 

Technau 

2017 (121) 

South Africa Field evaluation study of HIV-

exposed infants 

Xpert HIV-1 

Qualitative 

assay 

3970 100% (95% CI 

88.4 to 100%) 

99.9% (95% CI 

99.7 to 100%) 

(Roche COBAS® 

TaqMan® HIV-1 

Qualitative Test 

Version 2.0, Roche 

Molecular Systems, 

Inc., Branchburg, NJ) 

Hsaio 

2016 (124) 

South Africa Laboratory evaluation study 

of HIV-exposed infants 

Alere™q HIV-

1/2 Detect 

1098 95.5% (95% CI 

91.7 to 97.9%) 

 99.8% (95% 

CI 99.1 to 

100%) 

Version 1 of Roche 

Cobas AmpliPrep 

/Cobas TaqMan 

(CAP/CTM) HIV-1 

qualitative assay 

(Roche diagnostics, 

Branchburg, New 

Jersey, USA) 

Oppolo 

2018  

(117)  

Kenya Field evaluation study of HIV-

exposed infants 

Cepheid 

Xpert® HIV-1 

Qualitative 

921 94.1% (no CI 

provided) 

99.8% (no CI 

provided) 

COBAS AmpliPrep/ 

COBAS TaqMan HIV-

1 Qualitative Test, 
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Study Country Methods POCT Sample size Sensitivity Specificity Reference assay 

(Qual) POC 

test 

v2.0 assay (CAP/CTM 

HIV-1) qualitative PCR 

(Roche diagnostics, 

Branchburg, NJ, 

USA). 

Ibrahim 

2017  

(116)  

Botswana Nested diagnostic accuracy 

study 

Cepheid 

Xpert® HIV-1 

Qualitative 

(Qual) POC 

test 

3039 93.3% (95% CI 

68.1 to 99.8%) 

100% (95% CI 

96.1 to 100%) 

Roche Cobas 

Ampliprep/Taqman 

(CAP/CTM) HIV-1 

(Roche Diagnostics, 

Mannheim, Germany) 

DBS = dried blood spot, POCT = point-of-care test 
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2.5.4. Diagnostic performance of point of care tests (POCTs) 

Twelve studies (12,676 participants) had disaggregated data allowing for the estimation of 

pooled sensitivity and specificity of POCTs for HIV diagnosis in infants to laboratory-based 

assays. The unadjusted individual study estimates for specificity and sensitivity were 

consistent across studies (Figure 2.2).  

 

Figure 2-2 Meta-analysis for the diagnostic sensitivity and specificity of POCT for EID of HIV against 
reference laboratory tests (n=12) 

Point estimates for sensitivity in the twelve studies ranged from 93% to 100% (sample size 

range: 68 to 4,081; median 461), while specificity ranged from 94% to 100% (sample size 

range: 68 to 4,081; median 461). The pooled sensitivity and specificity of POCTs versus 

laboratory-based assays were 98% (95% Confidence Interval [CI] 95 - 100%; I2 55.8%) and 

100% (95% CI 100% – 100%, I2 93.5%), respectively. The area under the curve (AUC) was 

1.00 (95% CI 0.99 to 1.00) (Figure 2.3). 
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Figure 2-3 Summary receiver operating characteristic for the diagnostic performance of HIV POCTs 
against reference laboratory tests in the 12 studies included in the meta-analysis 

A cohort of 59 intrauterine HIV-1 infected neonates who had POCT Xpert HIV and 

conventional PCR had measured Cycle Threshold (CT) values. CT refers to the highest cut-

off value of amplification cycles that generate the minimum number of copies of DNA during 

the PCR reaction that can be detected. Results showed that testing  CT value of >31 

copies/ml, which are below the limit of detection, yielded sensitivity and specificity which 

was low at  66.7% (95% CI: 54.7 – 78.6) and 94.9% (95% CI: 89.3 – 100)  respectively 

(122). 

2.5.6. Assessment of heterogeneity, risk of bias, and publication bias 

The Deeks’ funnel plot for the 12 studies included in the meta-analysis (Figure 2.4) 

suggested no evidence of publication bias (Deeks’ funnel plot asymmetry test p-value = 

0.92). The Deeks’ funnel plot model works best with at least ten studies. Thus, the data 

provided offers a reasonable estimate for publication bias. 
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Figure 2-4 Deeks’ funnel plot to evaluate publication bias in the 12 studies included in the meta-
analysis. 

Studies within the 95% confidence bounds of the median distribution of the bagplot were not 

clustered together (Figure 2.4). There were two outliers (Ibrahim, 2017 (116) and Dunning, 

2017 (123). Excluding the two outliers, the remaining studies (post hoc sensitivity analysis) 

did not account for the substantial heterogeneity of the full model (Figure 2.5).  
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Figure 2-5 The Bagplot demonstrating the level of heterogeneity using the spread of the 12 studies 
included in the meta-analysis 

All studies clearly stated the sample size and whether their results were applied clinically. 

All studies clearly outlined inclusion and exclusion criteria (100%, n =12), clinical and 

demographic data for HIV-exposed infants from which samples were obtained, and data 

collection procedures. Training for the operators of the POCTs was also described. 

Sensitivity analyses were attempted to explain the heterogeneity (Table 2.2). 
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Table 2-2 Sensitivity analyses attempting to explain the heterogeneity 

Description Included 

studies 

Sensitivity 

(95% CI) 

Sensitivity 

I2 (95% CI) 

Specificity 

(95% CI) 

Specificity 

I2 (95% CI) 

All studies  1, 2, 3, 4, 

5, 6,7, 8, 

9, 10, 11, 

12 

98.0  

(95.0, 100.0) 

55.8  

(27.3, 

84.4) 

100.0  

(100.0, 

100.0) 

93.6  

(91.1, 

96.1) 

Excluding 

studies (4/12) 

based on quality 

(with a high risk 

of bias in at least 

two domains of 

QUADAS-2 

tool). 

2, 3, 6,7, 

8, 9, 10, 

11 

97.0  

(94.0, 98.0) 

0.0  

(0.0, 

100.0) 

100.0  

(100.0, 

100.0) 

0.0  

(0.0, 

100.0) 

Excluding 

studies (2/12) 

outside the 95% 

CI of the median 

distribution of 

the bagplot. 

2, 3, 4, 5, 

6, 8, 9, 10, 

11, 12 

97.0  

(94.0, 99.0) 

23.2  

(0.0, 78.5) 

100.0 

(100.0, 

100.0) 

0.0  

(0.0, 97.4) 

Bhowan, 2013  

Sabi, 2019  (118) 

Jani, 2014 (128) 

Kufa, 2020  (127) 

Murray, 2017  (129) 

Dunning, 2017 (123) 

Meggi, 2018  (125) 

Spooner, 2019 (126) 

Technau, 2017 (121) 

Hsaio, 2016  (124) 

Opollo, 2018  (117) 

Ibrahim, 2017  (116) 
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These analyses are exploratory and should be interpreted cautiously, considering the 

small number of included studies. 

 

After evaluating the review question against the 12 studies, it was established that apart 

from Spooner 2019 (126), Sabi 2019 (118), Dunning 2017 (123), and Jani 2014 (128), all 

other studies had a potential risk of bias in at least one of the four domains of the QUADAS-

2 tool (Table 2.3) and (Figure 2.6.). 
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Table 2-3 Detailed summary of quality of studies using the QUADAS-2 tool 

Author Bhowan  Sabi  Jani Kufa Murray Dunning  Meggi Spooner Technau Hsiao Opollo Ibrahim 

Year 2013 2019 2014 2020 2017 2017 2018 2019 2017 2016 2018 2017 

                      

Domain 1: Patient selection                     

Was a consecutive or 
random sample of patients 
enrolled? 

No Yes Yes Yes Yes Yes Yes  Yes  Yes  Yes  Yes Yes 

Was a case-control design 
avoided? 

Yes Yes Yes Yes Yes Yes Yes  Yes  Yes  Yes  Yes Yes 

Did the study avoid 
inappropriate exclusions? 

unclear Yes Yes Noa Yes Yes Yes  Yes  Unclear Yes  Noc Yes 

Could the selection of 
patients have introduced 
bias? (Low if YES to all 
above; High if any NO) 

High risk Low 
risk 

Low 
risk 

High 
risk 

High 
risk 

Low risk Low 
risk 

Low risk Unclear Low 
risk 

High 
risk 

high risk 

Is there concern that the 
included patients do not 
match the review question? 

Low risk Low 
risk 

Low 
risk 

Low 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk Low 
risk 

Low risk  Low risk 

                      

Domain 2: Index test                     

Were the results of HIV 
POCT interpreted without 
knowledge of the results of 
the reference standard? 

No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No 
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Author Bhowan  Sabi  Jani Kufa Murray Dunning  Meggi Spooner Technau Hsiao Opollo Ibrahim 

Year 2013 2019 2014 2020 2017 2017 2018 2019 2017 2016 2018 2017 

Was the interpretation 
approach of HIV POCT 
outcome pre-specified? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Could the conduct or 
interpretation of HIV POCT 
as a diagnostic test have 
introduced bias? (Low if 
YES to all above; High if 
any NO) 

High risk Low 
risk 

Low 
risk 

Low 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk Low 
risk 

Low risk High 
risk 

Is there concern that the 
HIV POCT, its conduct, or 
interpretation differ from the 
review question? 

Low risk Low 
risk 

Low 
risk 

Low 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk 

                      

Domain 3: Reference test                     

Is the reference standard 
likely to correctly detect 
HIV? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Were the HIV test results 
interpreted without 
knowledge of the outcome 
of the POCT HIV? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclea
r 

Yes Yes 

Could the TB microbiology 
test, its conduct, or its 
interpretation have 

Low risk Low 
risk 

Low 
risk 

Low 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk Unclea
r 

Low risk Low risk 
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Author Bhowan  Sabi  Jani Kufa Murray Dunning  Meggi Spooner Technau Hsiao Opollo Ibrahim 

Year 2013 2019 2014 2020 2017 2017 2018 2019 2017 2016 2018 2017 

introduced bias? (Low if 
YES to all above; High if 
any NO) 

Is there concern that the 
target condition defined by 
the paper's reference 
standard does not match 
the review question? 

Low risk Low 
risk 

Low 
risk 

low 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk 

                      

Domain 4: Patient flow                     

Was there an appropriate 
interval between the HIV 
POCT and HIV reference 
standard? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Did all the included patients 
have a reference test? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Did patients receive the 
same reference standard? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Were all patients who 
received index tests 
included in the analysis? 

Yes Yes Yes Noa Nob  Yes No Yes Yes Yes Yes Yes  

Could the patient flow have 
introduced bias? (Low if 

Low risk Low 
risk 

Low 
risk 

High 
risk 

High 
risk 

Low risk High 
risk 

Low risk Low risk Low 
risk 

Low risk Low risk 
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Author Bhowan  Sabi  Jani Kufa Murray Dunning  Meggi Spooner Technau Hsiao Opollo Ibrahim 

Year 2013 2019 2014 2020 2017 2017 2018 2019 2017 2016 2018 2017 

YES to all above; High if 
any NO) 

             

Number of high-risk 
domains out of four 

2 0 0 2 2 0 1 0 0 0 1 2 

a4,081 infants were included in the comparative analysis of POCT versus centralized lab testing, while 5,043 unique infants were 

included in the study 

b3 were excluded because they had incomplete standard test requisition forms.  

We excluded children with disabilities.
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The quality of included studies based on the QUADAS-2 can be summarised as 

follows. (see Figure 2.6) 

 

Figure 2-6 Summary of quality of included studies based on the QUADAS-2. 

2.5.7. Error rates 

Errors or invalid results can occur in any part of the testing cycle. Errors were reported 

in eight studies. Errors were observed with both technologies, including device and 

operator errors (14, 21,22,23). These errors returned no result rather than an incorrect 

result. For instance, Alere q had an error rate of 3.3%  and Xpert HIV of 2.1% (129).  

Operator errors on Alere q included no sample being detected, the cartridge not being 

properly locked, cartridge misalignment, and too little sample in the cartridge (129).  

Device errors on Alere q included a connection error between the controller and 

processor and a failure to read the barcode. Xpert HIV operator errors comprised only 

sample volume inadequacies. Device errors on Cepheid included power outages 

which occurred in some cases, and a device optics error (129). All specimens with 

errors were retested, and valid results were obtained. Other studies reported errors of  
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6% (124)  and 9.6% (123)  with Alere q and a faulty device which had a very high error 

rate whose results were excluded from the overall analysis (123). Most errors are 

resolved with retesting. In the context of the meta-analysis, since most of these errors 

are resolved after retesting, they do not impact the meta-analysis results. 

2.5.8. POCT turn-around time (TAT) and initiation of ART 

2.5.8.1. Birth testing  

POCTs turn-around time (TAT) is calculated from the time of sample collection to when 

test results were received, measured in hours, days, and months. In this systematic 

review and meta-analysis, some studies had birth testing in the first 48 hours of life, 

but for most studies, EID testing was around 4 to 6 weeks (16,19,20,22,23,24). Birth 

testing was conducted in Tanzania (16), South Africa (19, 20, 22, 23, 24) and 

Mozambique (23). Among studies where birth testing was conducted,   testing 

occurred around 16 hours of birth (IQR 0.5–58  hours), and the median TAT for results 

being communicated to the mother was 110 minutes (range 94 minutes to 7 days) 

(118)  and 14 hours (IQR: 8–21) (20) respectively. POCT results were received by 

96.3% of the mothers/ caregivers, versus centralised laboratory testing results 

returned to only 53.2% of the mothers/ caregivers, p<0.0001. POCT was associated 

with a loss reduction to follow-up (121).  Birth testing was acceptable to mothers who 

preferred to receive results the same day (128). 

2.5.8.2. POCT testing between 4 to 6 weeks 

For study number 11 in Table 2.1, Xpert HIV POCT testing was conducted between 4 

to 6 weeks (17), n= 14 HIV-infected infants, 11/ 14 were initiated on ART, 2/14 had 

ART initiation delayed beyond the study period, and 1/14 was missing.  For study 

number 3 in Table 2.1, both Alere q and Xpert HIV POCT testing (127) had a median 

TAT of POCT EID of  9.6 hours (IQR 2.9 to 22.6 hours), median TAT for viral load (VL) 

(Xpert HIV)-3.3 hours (IQR 2.2 to 18.2 hours),  and TAT for less than 24 hours was  

82.8% for POC VL & 77.6% for POCT EID (127). 

2.5.9. Provider experiences with POCTs 

For study number 11 in Table 2.1, POCT XpertHIV, compared to reference tests for 

EID, was found to be easy to use, and results were easy to interpret by nurses and 



 

55 

laboratory technicians (117) with a rapid TAT of 90 minutes resulting in quick clinical 

decision-making (117). The ability of less skilled non-laboratory personnel to perform 

the test is an added advantage of using the POCT (117). 

Drawbacks of the Xpert assays included the need for air-conditioning and refrigeration 

to maintain the Cepheid GeneXpert platform and samples at the correct temperatures 

and the requirement for a backup power source for the high-throughput modules when 

a steady power supply is not readily available (116, 129) (refer to Table 2.1) 

respectively. The advantages of Alere q have been discussed in chapter 1. Still, in this 

systematic review, challenges of using capillaries to load samples as described in 

studies (123, 129) and cartridge ejection mechanisms were reported to cause 

problems. The keyboard design was not considered user-friendly. The lack of 

information provided when an error message occurred was reported as a further 

disadvantage in one study; however, valid results were obtained on re-testing (123, 

129). 

2.6. Discussion 

This systematic review and meta-analysis aimed to synthesize the sensitivity and 

specificity of POCTs used for the EID of HIV. The main findings were that the available 

evidence base though not extensive is homogeneous and provides strong evidence 

to support the use of POCTs in the EID of HIV. The pooled sensitivity and specificity 

of POCTs for HIV diagnosis in infants versus laboratory-based PCR assays were 98% 

(95% CI of 95 to 100%: I2 55.8%) and 100% (95% CI of 100% to 100%, I2 93.5%) 

respectively. There was, however, some difference in the choice of POCTs and 

reference lab tests. As we move towards the 95-95-95 targets, public health 

programmes need to be aware of the value of POCTs for the EID of HIV. 

POCT use in field settings, as demonstrated from the results obtained here, supports 

the argument that they could help decentralize services and improve EID and early 

initiation of ART (118, 122, 125, 127, 128), especially in LMICs. Despite the user-

friendly POCTs, staff will require training, and rigorous quality control measures should 

be implemented (117, 123, 129). 

POCTs enabled parents to receive their infant’s HIV test results within the day, 

improving EID. Birth testing improved EID (118, 122, 128) and ART initiation more 
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than POCT testing at 4-6 weeks (125). The results of the review may suggest that 

implementing POCTs could significantly improve EID (118, 122, 125, 126) and 

decrease loss to follow-up (121), thereby decreasing morbidity and improving linkage 

to HIV care (21).  There is a need for cost-effectiveness analyses before the scale-up 

of POCTs. Costs for reagents and consumables, shipment, customs charges, tax, 

service, and maintenance remain important considerations for policymakers. One 

observational study evaluated the routine point-of-care intervention for EID in eight 

African countries (82). The cost per test result returned within 30 days was less for 

POCTs (US$27·24, range 21·39–33·10) than conventional PCR testing ($131·02, 

96·26–165·76) (82). The primary strategy proposed to mitigate cost constraints for 

EID and viral load monitoring for many LMICs is pooled procurement through PEPFAR 

or the Global Fund, hoping that, eventually, higher demand will bring about competition 

and drive down costs (130). 

This systematic review and meta-analysis have several limitations. Firstly, only 

published studies were included, of which the majority were field reviews.  The 

advantages of some of the field studies included sensitivity /specificity, TAT and birth 

testing data, e.g., Technau et al. and Sabi et al. showed a birth testing median time of 

14 hours and 16 hours, respectively. The same studies showed median POCT TAT of 

2.6 hours (IQR: 2.3–3.1) and (110 minutes (range 94 minutes to 7 days), respectively. 

This data provided insight into the benefits of birth testing and retesting at 4-6 weeks, 

but other studies only had POCT TAT data.  The cons of field studies were that most 

were observational or laboratory evaluations with limited follow-up; hence it is difficult 

to know more about the patients who were lost to follow-up and the risk factors that 

made them more likely to be lost to follow-up. In Meggie et al., nine patients were lost 

to follow-up, but the reasons were not explained in detail. 

Secondly, some conference abstracts were excluded due to insufficient detail and the 

inability to assess the quality of the study. Thirdly, we excluded studies that included 

adults and older children as the focus was on EID; however, sometimes, such studies 

may consist of infants, older children and adults, which may have useful data on 

POCTs use in infants. Lastly, whilst we looked at the references of the published 

studies, grey literature searches and publications in languages other than English 

were beyond the scope of this review.  We may therefore have missed several relevant 
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studies. Future studies should include other languages, e.g. Spanish and French, and 

search grey literature. 

2.7. Conclusion  

This systematic review and meta-analysis identified 12 studies investigating POCTs 

used in EID in LMICs, demonstrating acceptable diagnostic accuracy. The 

performance of POCTs is comparable to reference assays. POCTs can potentially 

improve EID and outcomes of HIV-exposed and infected children. Future studies on 

implementation and cost-effectiveness in limited-resources settings are needed. In 

addition, there is a need to address context-specific issues regarding additional 

resources, such as air-conditioning and backup power sources, if POCT use for EID 

is scaled up in LMICs.  

This thesis addresses these issues by assessing whether the POCT XpertHIV’s 

sensitivity and specificity will be comparable to reference assay PCR by Abbott. It also 

considers the cost-effectiveness of POCT XpertHIV compared to standard of care 

PCR by Abbott and outcomes of HIV-infected children, specifically linkage to and 

persistence in HIV care. It also addresses the context-specific issues of acceptability 

of XpertHIV whole blood testing by parents and caregivers in a country where it is 

feared and associated with blood sucking /vampirism.
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Chapter 3: General Methods 

Chapter 3 presents an overview of the study setting, methods, ethics and role of the 

candidate. 

3.1. Study setting and design 

3.1.1. Design 

The research comprises six studies: (i) an assessment of the performance 

(sensitivity/specificity), TAT of test results, time to initiation of ART and usability of 

XpertHIV using whole compared to PCR as a gold standard; (ii) an assessment of 

linkage and persistence to HIV care; (iii) a qualitative study exploring the acceptability 

of XpertHIV using whole blood among caregivers and health workers; (iv)  a costing 

and cost-effectiveness study of XpertHIV using whole blood versus PCR; (v) an 

assessment of  IP 10 as a screening test for HIV infection in infants and children; (vi) 

an optimisation of HIV LAMP. 

3.1.2. Study setting  

The research was conducted in Southern Malawi. Malawi is a landlocked country in 

sub-Saharan Africa (SSA), sharing boundaries with Zambia to the northwest, 

Tanzania to the north and northeast and Mozambique to the east, south and 

southwest. It has a surface area of 118,500 square kilometres, of which 94,276 square 

kilometres are land (83, 84). The country is divided into three regions (North, Central, 

and South) and has 28 districts (6 in the Northern, 9 in the Central, and 13 in the 

Southern Region) see Figure 3.1. 
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Figure 3-1 Map of Malawi showing regions and districts showing study sites Mulanje and 
Blantyre, respectively. 

(Adapted with permission from the world map) 
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The 2018 population and housing census in Malawi estimated the country's population 

to be  17.5 million (131). Malawi is one of the countries worst affected by the HIV 

epidemic in SSA, with a  national HIV prevalence among adults of about 8.5% in 2021, 

according to Naomi model estimates (132). It is estimated that about 56,100 children 

aged 0-14 years live with HIV, of whom about 1,400 children aged <1 year. ART was 

rolled out in the public sector in June 2004. By the end of 2018, 79% of people living 

with HIV and 61% of children aged 0 –14 years living with HIV were on treatment (67-

70).  Malawi is proving to be a success story in the fight against HIV/AIDS, but EID 

and linkage to HIV care still lag, as explained in chapter 1, which was the motivation 

for this body of research. 

The XpertHIV and IP-10 studies were conducted at Queen Elizabeth Central Hospital 

(QECH) in Blantyre and the more rural Mulanje District Hospital (MDH). Blantyre is the 

second largest city in Malawi, with 800,000 inhabitants (133). Blantyre has both urban 

and rural areas, is multi-ethnic and is the major commercial city of Malawi, with an 

adult HIV prevalence of 20%(133). QECH is the biggest referral hospital in Malawi, 

serving as a secondary-level facility for health centres in the Blantyre district and a 

tertiary hospital for the southern region of Malawi. 

On the other hand, Mulanje Boma is the capital of Mulanje district, a district of some 

2000 km2 that borders Mozambique. Mulanje district is a mountainous tea-farming 

area. Mulanje is predominantly occupied by the Lomwe tribe and has an estimated 

adult HIV prevalence of 20.6% (133). MDH is the secondary referral government 

hospital for 17 peripheral health centres in Mulanje district, serving a population of 

~800,000 (133). MDH is approximately 30-40km from the central testing laboratory at 

Thyolo District Hospital (TDH). EID testing for infants aged six weeks from MDH 

involved DBS being sent to TDH molecular laboratory for PCR by Abbott testing. 

The initial study design was to recruit all study participants from MDH. However, we 

did not expect to recruit only 15 HIV-infected children since our sample size calculation 

using EID data from the previous year, 2017, estimated 50 HIV-infected children. 

Therefore, we had to change the study's design and add a second site, QECH, a 

tertiary and referral centre with more HIV-infected children reviewed in outpatient 

departments. This enabled us to recruit more HIV-infected children to get more 

accurate results for the study's performance (sensitivity /specificity) part. 
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This was a cross-sectional mixed methods study with diagnostic (sensitivity/specificity, 

TAT-refer to Appendices 15 and 16) qualitative (acceptability -see Appendix 13, 

usability – see Appendix 8) and health economic (costing and cost -effectiveness-see 

Appendix 14) components. The study recruited children ≤14 between July 2018 and 

August 2019 at MDH and QECH. Participants were recruited from the Under-5 clinic, 

general paediatric outpatient clinic, nutritional rehabilitation clinics and paediatric 

admission wards. XpertHIV studies are discussed as diagnostic (sensitivity/specificity, 

TAT to test results and initiation of ART, usability in chapter 4; linkage and persistence 

into care in chapter 5; acceptability in chapter 6, and economic evaluation of XpertHIV 

in chapter 7. Assessment of IP 10 correlation with HIV sub-study is discussed in 

chapter 8. Optimizing HIV LAMP before setting up the LAMP assay as a diagnostic 

accuracy study comparing HIV LAMP to qPCR was required. The collaboration 

between Queen’s University Belfast and later Imperial College initiated Lamp assays, 

as our lab had no previous experience in LAMP assays. I learnt how to perform LAMP 

assays from Belfast and later perfected my skills at UCL and Imperial.  I trained from 

2017 to 2019 using archived RNA and clinical samples. Following this training, MS2 

RNA and HIV LAMP testing were undertaken at GOS-ICH. The LAMP study is 

discussed in detail in chapter 9. 

3.2. Sample Size calculation 

The XpertHIV published reports estimate a sensitivity of 98.69% (95% CI: 94.4-99.6) 

and a specificity of 100% (95% CI 97.55-100.0) in a controlled laboratory setting (87). 

MDH records showed that the HIV prevalence among children aged 0 to 14 in 2017 

was 7%. Assuming that the field sensitivity of XpertHIV would be lower (97%), with 7% 

HIV prevalence and alpha level at 0.05 (134), we needed approximately 650 samples 

to estimate the sensitivity with a precision of ±5%.  

3.3. Study population 

Children, less than 14 years whose caregivers provided written consent were 

prospectively eligible for the study if there was clinical suspicion of HIV infection or 

positive HIV diagnosis during admission. Figure 3 .2 summarises the recruitment into 

the sub-studies. Each sub-study has been discussed in detail in chapters 4 to 9. 
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Figure 3-2 Outline of the XpertHIV studies recruitment and their methodology. 

 

 

680 recruited from MDH 
+ 

115 recruited at QECH 
(n = 795) 

Feasibility and performance sub-
study (from MDH +QECH) 
Diagnostic accuracy study  
(n = 713) 

Costing & economic evaluation 
(MDH) 
n=200 for household (societal 
costs) 
n=700 tests used in analysis 
 

Qualitative sub-study (MDH) 
Acceptability of Xpert HIV 
60 caregivers, 5 nurses 
Semi-structured interviews 
Usability of Xpert HIV 
7 laboratory staff 
Semi-structured interviews & 
Likert scales 

IP 10 Sub-study (from 
MDH+QECH) n=216 
135 HIV neg, 81 HIV pos 
children 
Case control study 
2:1 ratio age and sex matched 
Assessed correlation of IP-10 
& age, sex, HIV infection + VL 

Due to missing data 
80 removed from 680 from MDH, 
n= 600 

2 removed from 115 from QECH, 
n= 113 
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3.4. Data collection tools 

Various data collection tools were developed or adapted. These tools are listed in 

appendices 1 to 16. The table below shows the studies from which they were adapted 

and a brief description of changes made. 

Table 3-1 Adaptation of data collection tools from other studies 

Chapter 4 Performance 

of XpertHIV 

 

Adapted the data collection tools for the diagnostic accuracy 

(performance) from the publication “Sensitivity and Specificity 

of Loop-Mediated Isothermal Amplification (LAMP) Assay for 

Tuberculosis Diagnosis in Adults with Chronic Cough in Malawi 

(135). Nliwasa’s et al (135) conducted the study in Malawi and 

also used molecular tests similar to those used in this PhD 

project - LAMP, Cepheid Xpert tests and PCR but in the 

context of TB. The PI of this study and PhD student are both 

part of the pathology Department, KUHES, Malawi. 

Changes were made to Nliwasa’s et al (135) data collection 

tool including the target -from TB to HIV, sample – from sputum 

to whole blood, but the rest of information was similar. This 

included demographic data - age, sex, date of birth, time 

sample was collected, processed and result was out. Refer to 

Appendix 11 for Cepheid Xpert HIV-1 Qual assay laboratory 

work sheet and Appendix 12 for Abbot real time HIV -1 

qualitative assay PCR laboratory work sheet. 

Chapter 5 Linkage to 

HIV care 

Chapter 6 Acceptability 

of XpertHIV 

Initially, the interview guide was based on the questions in the  

“CDC guidance  Evaluation Toolkit: Patient and Provider 

Perspectives about Routine HIV Screening in Health Care 

Settings  “(136). I adapted the questions to create an interview 

guide whilst at UCL. The interview guide for caregivers was 

piloted in Malawi and further adapted under Dr Moses 

Kumwenda, an experienced social scientist and qualitative 
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research expert who has developed many interview guides. 

The interview guide for health workers was also developed. 

The main difference was that the health workers' guide 

focussed on implementing the XpertHIV.  The questions 

concerned implementation- health workers' interaction with the 

technology, how it works, its robustness, and how they 

perceive the acceptability of the intervention both for the 

implementers and users.   

And whether the stakeholders, especially MoH Malawi would 

afford, be interested in adopting and scaling out XpertHIV. 

What would be the barriers and enablers? 

 

For the users (parents /caregivers) 

The focus was on how they perceived EID and interacted with 

XpertHIV using whole blood. 

Some of the questions are included. 

Their main concerns and worries towards XpertHIV whole 

blood testing; suggestions or ideas for addressing possible 

community concerns about XpertHIV whole blood testing. 

Refer to Appendix 9 for interview guides for caregivers and 

health workers, respectively. 

Chapter 7 Cost and 

Cost 

Effectiveness 

of XpertHIV 

Adapted the data collection tools for the cost and cost-

effectiveness from the publication “Economic evaluation of 

Viral Load testing and Early Infant Diagnosis in rural 

Zimbabwe” (137). This published paper's source of information 

lists all the parameters we used in our study. Since the EID 

part of the studies and the context were similar, there was not 

much adaptation. Refer to Appendix 10 for the data collection 

tool for the collection costs. 
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Chapter 8 IP-10 Adapted the data collection tools for the IP-10 study from the 

publication “Plasma IP-10 Concentrations Correlate Positively 

with Viraemia and Inversely with CD4 Counts in Untreated HIV 

Infection” (94). This study was done in adults, but the setting, 

Zimbabwe, is similar to Malawi. Whilst in our IP-10 study, we 

did not look at comorbidities nor weigh the patients, we 

adapted the parameters for adults to children and assessed 

the correlation of HIV infection with IP-10 concentrations. 

Referring to Mhandire et al. (94) in the results section, Table 1 

shows age, sex, CD 4 count, VL and comorbidities. The study 

ID, sample date and IP-10 concentration were added to this 

data, and CD 4 count and comorbidities were removed.  

Chapter 9 LAMP Adapted the data collection tools for the diagnostic accuracy 

(performance) of LAMP from the publication “Sensitivity and 

Specificity of Loop-Mediated Isothermal Amplification (LAMP) 

Assay for Tuberculosis Diagnosis in Adults with Chronic Cough 

in Malawi (135). Nliwasa et al’s supporting information has 

Table 1, which shows study_ID, age, sex, HIV_status, and 

LAMP result. This data was added time to detection if the result 

is HIV positive. 

 

3.5. Data management and Statistical analysis 

Open Data Kit was used for data collection. Medians and the corresponding 

interquartile ranges were calculated for TAT and time to ART initiation. We used 

proportions or percentages to summarize the distribution of HIV status and age (≤1 

year and > one year) among the children. The Wilcoxon rank-sum test was used to 

compare TAT for samples to ART initiation between participants who used Xpert HIV 

and those who used PCR. 

Cohen’s Kappa was calculated to assess agreement between qPCR and antibody 

tests and between qPCR by Abbott and XpertHIV assays. The kappa value ranges 
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used for interpretation were 0.00-0.20 slight, 0.21-0.40 fair, 0.41-0.60 Moderate, 0.61-

0.80 substantial and 0.81-1.00 almost perfect agreement. The usability of XpertHIV 

was also assessed using a Likert scale. 

For correlation analysis, a p-value <0.05 was considered significant. Spearman’s 

correlation coefficient ® was used to infer the association between biomarker IP-10 

and traditional markers of HIV disease progression (VL). A multivariate linear 

regression analysis was used to predict the effect of age and gender on IP-10 in the 

HIV-infected group and that of age and gender in the HIV-uninfected group. The 

accuracy of IP-10 in predicting HIV infection was assessed using the area under the 

curve (AUC) for receiver operating curves. All analyses were done in Stata-15 

(StataCorp, Texas, USA). 

Sensitivity (True positive/True positive + false negative) and Specificity (True 

negative/True negative + false positive) were calculated for LAMP versus PCR. The t-

test assessed whether the difference in detection times was statistically significant for 

different master mixes and extraction kits for HIV LAMP assay. 

3.6. Assays and instrumentation 

This study used various laboratory techniques and assays for HIV detection and 

correlation. 

HIV assays: 

Cepheid Xpert HIV-1 Qual Assay (XpertHIV) 

100 μl of whole blood was dispensed into the large hole in the cartridge, followed by 

750 ul elution reagent into the small hole in the cartridge. The cartridge was then 

inserted into the Cepheid GeneXpert platform (83).  

The Abbott Real-Time Qualitative assay (PCR by Abbott) 

Abbott Real Time Qualitative HIV-1 DNA PCR for DBS, which measures HIV-1 DNA, 

was used. It is qualitative, showing whether HIV-1 is detected (138). The PCR was 

conducted at QECH. All samples were also tested with Abbott Real-Time HIV-1 RNA 

Quantitative for DBS, which measures HIV-1 RNA and quantifies HIV-1 Viral Load.  
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Loop-mediated Isothermal Amplification assay (LAMP) 

A Real-time HIV LAMP assay was performed. The assay comprised GspSSD2.0 

Isothermal Mastermix ISO 001 or ISO 004 (Optigene Ltd, UK), AMV reverse 

transcriptase, Hosaka primers, nuclease-free water and template RNA. The mixture 

was incubated at 63°C for 60 mins using a Genie II (Optigene Ltd), which gives both 

qualitative (yes/no) and real-time (time of detection, amplification and melting curve) 

results. The time to detection was recorded in minutes. A LightCycler® 480 (Roche 

Applied Science, Burgess Hill, UK) was used at Imperial College. More details are in 

chapter 9. 

Interferon γ-induced protein 10 kDa (IP-10) testing  

IP-10 concentrations were measured by Quantikine enzyme-linked immune-sorbent 

assays (R&D Systems, Minneapolis, USA) following the manufacturer’s instructions. 

One ml of blood collected from HIV-infected children (cases) and HIV-uninfected 

children (controls) was tested. Each sample was run in duplicate without dilution, and 

IP-10 concentrations were measured. 

Antibody tests were performed using the Alere Determine HIV-1/2 (Abbott, USA) and 

the Uni-Gold Recombigen HIV-1/2 (Trinity Biotech, Ireland) assay. According to their 

manufacturer's protocols, using 70µl of whole blood. 

For qPCR performed at UCL’s GOS ICH, the BioRad CFX96 machine was used. More 

details are in chapter 9. 

3.7. Role and positionality of the candidate  

3.7.1. Role and study origins 

The project idea arose in September 2014 when the paediatric department at the 

College of Medicine in Malawi intended to explore Loop-Mediated Isothermal 

Amplification (LAMP) to diagnose bacterial infections. With my interest in improving 

Early Infant diagnosis (EID) of HIV, I wondered whether LAMP could also enhance 

EID. 
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I approached UCL and LSTM supervisors with the desire to study for a PhD that would 

evaluate POCTs that could improve EID, including HIV LAMP assay, which they were 

not familiar with and had never been done in UCL. I also collaborated with LAMP 

experts at Queen’s University Belfast and Imperial College. Even if problems were 

encountered in setting up a sensitive and specific HIV LAMP assay, the skills gained 

are valuable as a PhD student and researcher in infectious diseases. 

I was based at QECH and MDH throughout the study period. I was responsible for and 

supervised all aspects study. I was involved in seeking consent from some caregivers, 

and I collected some blood samples, conducted some interviews and filled in some 

questionnaires. 

Good working relations are important for the success of clinical research. Therefore, I 

made sure that my presence whilst providing supervision as a principal investigator of 

this study, a paediatrician at the College of Medicine, would be helpful and beneficial 

and would not undermine nor hinder the work of the staff both at MDH and QECH 

Before undertaking the PhD, I did an MSc in Public Health at the London School of 

Hygiene and Tropical Medicine -health service research modules on statistics, 

epidemiology, qualitative research, systematic reviews, introduction to health 

economics and economic evaluation prepared me for this PhD. Therefore, I analysed 

the research studies' findings with the support and supervision of qualitative health 

economists, scientists, statisticians, epidemiologists, and other experts listed in the 

acknowledgement sections. I led the training of the research team, as discussed in 

the section below. 

3.7.2. Researcher identity and positionality 

I am a Malawian paediatrician raised in Blantyre district. I obtained my initial 

experience as a paediatric registrar at the Queen Elizabeth Central Hospital (QECH). 

I gained extensive experience managing children with severe infections, particularly 

HIV, malnutrition and tuberculosis. Formerly, I was the Emergency Triage Assessment 

and Treatment (ETAT) mentor for Mulanje District Hospital. Hence, I know intimately 

about the Malawi HIV treatment system and study settings.  
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I had a dual “insider-outsider” role in the research. I continuously reflected on my 

“insider-outsider” role throughout the research. I have presented these reflections and 

the potential impact of my positionality in the discussion sections on the qualitative 

study, where this had the most significant impact.   

I came to the UK to continue paediatric training. I have obtained excellent broad 

paediatric training at general paediatric hospitals, specialist paediatric infectious 

diseases centres such as GOSH and UCL, and St Mary’s Hospital Paddington and 

Imperial College. This experience has informed my work and this study in paediatric 

HIV. I also had intimate knowledge of the UCL and Imperial College systems. 

I am now a consultant paediatrician with a specialist interest in infectious diseases. I 

desire to take diagnostic testing work out of the laboratory and move toward point-of-

care methods that work better in settings where laboratory infrastructure and health 

systems are weak. I am ideally placed to take tests developed in the laboratory and 

apply them in the field. Clinical practice to improve patient outcomes was the 

motivation for this project. 

I plan to advance my research and academic interests; hence this PhD enables me to 

conduct high-quality research at a doctoral level whilst being mentored by researchers 

with outstanding track records in infectious diseases, Global health and 

implementation science. Upon completing this PhD, I intend to progress further and 

apply for the Fogarty Emerging Global Leader Award (K43) or other career 

development fellowships such as EDCTP or MRC. These will enable me to contribute 

to addressing crucial global health problems in infectious diseases, including HIV in 

Malawi. 

3.8. Training of staff 

Several health workers participated in the study. I trained seven laboratory technicians 

and five nurses on study procedures. Before they could start recruiting participants, all 

were certified proficiently by the College of Medicine, Malawi's pathology department. 

I also trained all 26 health surveillance assistants (HSAs) in the paediatric outpatient 

department about the study procedures and identification of suitable participants. 
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Twelve of the 26 HSAs were already certified counsellors by the Ministry of Health, 

Malawi, responsible for HIV antibody testing and pre- and post-HIV test counselling.  

3.9. Health & Safety  

There have been several reports of laboratory-acquired HIV  infections with portals for 

possible exposure and routes of infection, including unrecognized direct contact with 

contaminated materials and surfaces, gloves of questionable integrity, skin cuts and 

abrasions (139). All manipulations of HIV RNA and clinical samples were performed 

using appropriate safety wear following health and safety guidelines. All chemicals 

and reagents were handled and disposed of following health and safety guidelines and 

Control of Substances Hazardous to Health (COSHH) recommendations. 

3.10. Ethics 

The study was approved by the College of Medicine Research Ethics Committee 

(COMREC), affiliated with the University of Malawi (P.03/18/2378) and the University 

College London Research Ethics Committee (13313/001). All the caregivers of study 

participants provided written informed consent. 
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Chapter 4: Sensitivity, specificity, TAT, and usability of whole 

blood XpertHIV versus Abbott dried blood spot PCR  

The following chapter presents a prospective diagnostic accuracy study. The study 

assessed the performance (sensitivity/specificity) of WHO ASSURED criteria 2, 

turnaround time (TAT) from testing to receipt of diagnosis (ASSURED criteria 4) and 

usability of XpertHIV (ASSURED criteria 3) using whole blood PCR by Abbott as the 

gold standard in Mulanje and Blantyre, Malawi. The chapter describes the study's 

aims, objectives, design, methodology and results and summarises the findings and 

recommendations. 

4.1. Introduction 

As discussed in Chapter 1, timely testing of HIV-exposed and infected infants remains 

challenging. In Malawi, 40,000 infants are exposed to HIV annually (67-70). Currently, 

polymerase-chain-reaction (PCR) using dried blood spots at central laboratories 

results in long turn-around times (TAT), leading to infants’ loss to follow-up. HIV Point-

of-care-testing (POCT) minimizes diagnostic delays (67-70).  One such POCT is the 

Cepheid Xpert HIV-1 Qual assay (XpertHIV)(87) which had been piloted by the Clinton 

Health Access Initiative (CHAI) in Malawi before this study but was never implemented 

outside research. 

XpertHIV is a qualitative assay that provides total nucleic acid PCR-based testing for 

RNA and proviral DNA in one fully integrated cartridge whose results show whether 

HIV-1 was detected or not detected. It uses the GeneXpert Instrument (Cepheid, 

Sunnyvale, CA, USA)(87). 

There is a need for more information on the best implementation strategies for 

XpertHIV in district hospitals and primary health centre settings. 

4.2. Broad Objective 

To validate the use of XpertHIV for diagnosing infant and children’s HIV infection in 

rural Malawi.  
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4.3. Specific Objectives 

To validate the use of XpertHIV for diagnosing infant and children’s HIV infection in 

rural Malawi, specifically, we aimed 

a) To assess the sensitivity of XpertHIV compared to PCR by Abbott (gold standard). 

b) To assess the specificity of XpertHIV compared to PCR (by Abbott gold standard). 

c) To assess the turn-around time of XpertHIV and PCR by Abbott 

d) To assess the usability of XpertHIV by laboratory technicians. 

4.4. Methods 

4.4.1. Study setting  

The study was conducted at MDH and QECH in the southern region of Malawi. MDH 

is a district-level referral hospital in Mulanje that provides primary and secondary 

healthcare services. It is the main and biggest hospital in the district. The reasons for 

choosing this hospital have been discussed in Chapter 1 of this thesis. Chief among 

these is the high HIV prevalence rate in this district, which would allow easy 

recruitment of children and infants exposed to HIV. MDH never had XpertHIV testing, 

neither whole blood nor DBS. The paediatric outpatient clinic at MDH provided ART to 

mothers and infant pairs, while the ART clinic provided ART for older children. 

QECH is a tertiary and main referral hospital in Blantyre urban. MDH and QECH had 

Cepheid GeneXpert instruments with battery backup provided by the Malawi TB 

programme. Both sites also had a solar backup power system. 

4.4.2. Study design, population 

This cross-sectional study was conducted among children presenting to MDH and 

QECH and laboratory staff at MDH. The eligibility criteria for the participants included 

children aged 0-14 years whose caregivers were willing to have them tested for HIV 

regardless of caregivers’ history of the child’s HIV positivity by antibody test or clinical 

suspicion of HIV infection during the study period.  
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The study recruited children from Mulanje District Hospital (MDH) in July-September 

2018. There were not enough HIV-positive children recruited from the initial phase at 

MDH to determine the sensitivity and specificity of the XpertHIV assay and issues of 

loss to follow up to make recommendations from our findings. Therefore, another 

cohort of participants was recruited from Queen Elizabeth Central Hospital (QECH) 

from September 2018 to August 2019.  Convenience sampling was used to identify 

the study's enrolled children. 

4.4.3. Sample Size calculation 

Published data estimated the sensitivity of the XpertHIV to be 99.23% with a specificity 

of 98.91%(140) in a controlled laboratory setting. MDH records showed that the HIV 

prevalence among children aged 0 to 14 in 2017 was 7%. Assuming that the field 

sensitivity of XpertHIV would be lower (97%), with 7% HIV prevalence and alpha level 

at 0.05, we needed approximately 650 samples to estimate the sensitivity with a 

precision of ±5% (134). 

4.4.5. Study recruitment process and Data collection 

4.4.5.1. Study recruitment process 

Health workers managing children in various paediatric settings identified potential 

infants and children and referred them to trained study personnel for recruitment.   

Participants were recruited from the under-five (U5) clinic, the general paediatric 

outpatient clinics, the nutritional rehabilitation clinics, the paediatric admission wards 

and the general paediatric outpatient clinic. All mothers and caregivers of eligible 

infants and children were briefed about the study and asked to provide informed 

consent for their infants and children to participate. To those who provided informed 

consent, a demographic questionnaire was administered to collect data such as age, 

sex, address and, when appropriate, contact telephone number.  

All seven-laboratory staff working at MDH were briefed about the study, asked to 

provide informed consent and were recruited into the study. A semi-structured 

questionnaire was administered to collect data such as demographics, work 

experience, testing procedures, usability, implementation, and scalability of XpertHIV, 
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Research nurses also collected 1 ml of blood from each infant and child for HIV testing. 

In the laboratory, of the 1000 µl of blood collected, 100µl was used for XpertHIV 

testing, and 350µl was used to make five dried blood spots (DBS) of 70 ul of blood 

each.  

As part of the HIV EID programme in Malawi  (67-70),  dried blood spots (DBS) were 

collected from 6-week-old infants at MDH and sent to TDH for qPCR testing. For this 

study, additional DBS were collected at MDH and QECH and tested at QECH by qPCR 

using the Abbott m2000 system (Abbott, USA). Testing using the GeneXpert System 

(Cepheid, USA) was carried out at both hospitals as an instrument was already 

available due to the Malawi tuberculosis programme. Some children also had an HIV 

antibody test as part of routine testing. 

Data about blood sample arrival time in the lab, processing time and results were 

collected. Figure 4.1 provides the details of the recruitment process and study 

procedures. 
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Figure 4-1 Study recruitment process and study procedure 
 

4.4.5.2. Testing approach and data collection 

Trained study staff performed HIV antibody testing for children older than one year. 

For children under one year, dry blood spots (DBS) were prepared for a PCR test, and 

some of the blood was sent to the laboratory for XpertHIV testing. All samples were 

tested by an in-house PCR by Abbott on DBS at QECH as the gold standard and 

confirmatory test. In this study, although their XpertHIV result was made available the 

same day, patients aged <1 year had to wait for the in-house PCR results from QECH 

before initiating ART. 

Trained laboratory technicians conducted XpertHIV testing according to the 

manufacturer’s guidelines. For the testing of HIV, 100 μl of whole blood was dispensed 

into the large hole in the cartridge, followed by 750 ul elution reagent into the small 

Informed consent 

Blood sample collection 

<1 year and consented into the 

study. 

>1 year and consented into the 

study. 

350ul (DBS) for PCR QECH 

+ 

100ul for Xpert HIV 

+ 

350ul for PCR at Thyolo 

molecular lab (for 6-week-olds) 

DBS for Determine/Unigold HIV 

tests. 

350ul (DBS) for PCR QECH 

+ 

100ul for Xpert HIV 
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hole in the cartridge. The cartridge was then inserted into the Cepheid GeneXpert 

platform (87).  

The gold standard test was Abbott Real Time Qualitative HIV-1 DNA PCR for DBS, 

which measures HIV-1 DNA and shows whether HIV-1 is detected (138, 141). The 

PCR was conducted at QECH. All samples were also tested with Abbott Real-Time 

HIV-1 RNA Quantitative for DBS, which measures HIV-1 RNA and quantifies HIV-1 

Viral Load. PCR’s limit of detection (LOD) was 2500 copies/mL. Some samples were 

tested for HIV viral load using the Cepheid Xpert HIV-1 viral load assay (Xpert HIV-

VL) with 40 copies/ml LOD.  

The laboratory technicians and the PI collected turn-around time (TAT) data. These 

were handwritten and recorded in a notebook. The notes included the time samples 

were taken from the patient, the time samples arrived in the lab, the processing time, 

and the time the test results were out (see appendix 11).  Data was later entered into 

an open data kit and stored at the COM server.  

Data on the ease of use of the assay were collected from 7 laboratory technicians 

using a self-administered semi-structured questionnaire (a combination of open-

ended, closed and Likert scales). There were 17 questions which focused on focusing 

on the implementation of the XpertHIV.  The questions were about their interaction 

with XpertHIV, how it works, its robustness, and how they perceive this intervention's 

acceptability for both the implementers and users ((see appendix 8).   

4.4.6. Outcomes and measurement  

The primary outcomes were: 1) Sensitivity and specificity of XpertHIV with PCR as a 

gold standard, 2) TAT of results from sample collection to time when test results were 

received by patient carers, measured in hours, days, and months, and 2) usability of 

XpertHIV by lab technicians. 

4.4.7. Data management and data analysis 

Open Data Kit was used to collect and manage the data. Medians and the 

corresponding interquartile ranges were calculated for TAT and time to ART initiation. 

Proportions or percentages summarised the distribution of HIV status and age (≤1 
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year and > one year) among the children. Cohen’s Kappa was calculated for 

descriptive analysis to assess agreement between qPCR and antibody tests and 

between qPCR and Xpert HIV-1 Qual assays. The kappa value ranges used for 

interpretation were 0.00-0.20 slight, 0.21-0.40 fair, 0.41-0.60 Moderate, 0.61-0.80 

substantial and 0.81-1.00 almost perfect agreement. The Wilcoxon rank-sum test was 

used to compare TAT for samples to ART initiation between participants who used 

Xpert HIV and those who used PCR.  

The usability of the assay was also assessed using a Likert scale. Likert scales were 

analysed using summation analysis. Major themes and subthemes were identified. 

Analyses were done in Stata-15 (StataCorp, Texas, USA) and SPSS version 28. 

4.5. Results  

4.5.1. Current HIV EID efficiency  

As part of the EID programme in Malawi, all infants exposed to HIV in utero, during 

labour, delivery or breastfeeding should have their HIV status determined by six 

weeks. From July to September 2018, 32 six-week-old infants presented at MDH for 

HIV testing. As a standard procedure, DBS was taken and sent to the central 

laboratory at TDH for HIV qPCR testing. Only 17/32 (52%) results were returned, with 

a median TAT of 24 days (IQR 20-28 days). 

4.5.2. Performance of Xpert HIV-1 Qual Assay in diagnosing HIV-

infected children 

We recruited 795 participants at MDH and QECH, of which 713 had all data available 

for analysis, and 124 were ≤1 year old. We excluded blood samples from 84 

participants: 21 blood samples stayed longer than the recommended 72 hours for 

XpertHIV whole blood protocol, 12 samples had missing data on age, and 49 samples 

did not have enough volume for both XpertHIV and PCR tests. PCR was prioritized as 

it was the standard gold test. 

4.5.3. Participant Characteristics 

All 713 children recruited had XpertHIV tests; for children aged > 1 year, 589/713 

(82.6%) had both XpertHIV and antibody tests.  For participants ≤ one year old, a 
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second confirmatory nucleic acid test (NAT) was required. Although their XpertHIV 

results were made available the same day in this study, we had to wait for the in-house 

PCR results from QECH before initiating ART. Most of the participants, 633/713 

(88.8%), were HIV un-infected as per the standard test PCR by Abbott. See table 4.1. 

 

Table 4-1 Characteristics of the study participants 

 
MDH: N=600 QECH: N=113 Total: (MDH+QECH): N=713 

Age 
   

≤1 year 101 23 124 (17.4%) 

>1 year 499 90 589 (82.6%) 

Sex 
   

Male 274 60 334 (47%) 

female 324 55 379 (53%) 

HIV status 
   

HIV infected  15 65 80 (11.2%) 

HIV uninfected 585 48 633(88.8%) 

 

Data from 711 children tested for HIV using the XpertHIV and compared to the qPCR 

were available (Table 4.2). Calculated from Table 4.2, the overall accuracy of the Xpert 

HIV-1 Qual Assay compared to qPCR was 97.89% (95% CI: 96.54%-98.81%), with a 

specificity of 98.12% (95% CI: 96.73%-99.02%) and a sensitivity of 95.95% (95% CI: 

88.51%-99.16%). Cohen’s kappa value was 0.89, suggesting a high agreement 

between the two tests. 
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Table 4-2 Comparison of Abbott Real-time Qual assay (qPCR) with Xpert HIV-1 Qual Assay 

  Xpert HIV-1 Qual Assay 

  Positive Negative 

qPCR assay 

Positive 71 3 

Negative 12 625 

 

The agreement between the antibody test and qPCR, calculated from Table 4.3, was 

78.6%, with a Cohen’s kappa value of 0.44 (moderate agreement). Of the 84 children, 

11 were positive for HIV by qPCR and antibody test, and 0 were positive only by qPCR. 

Eighteen children were positive by antibody test but negative by qPCR. Infants in this 

group were all below ten months of age. Three samples tested negative in the 

XpertHIV but positive by qPCR. These samples also tested positive by antibody test, 

suggesting these were false negative results. Twelve samples tested positive by 

XpertHIV and negative by qPCR. Of these, ten were positive by antibody test, 

suggesting that these were true positives. Two samples had no antibody data 

available. 

Table 4-3 Comparison of qPCR (Abbott RealTime Qual assay) with antibody assay 

  
Antibody assay 

  
Positive Negative 

qPCR assay 
Positive 11 0 

Negative 18 55 

 

4.5.4. XpertHIV turn-around time to result in diagnosing HIV-infected 

children 

The TAT from sample taking to result using the XpertHIV was 5.3 hours (Interquartile 

Range, IQR: 2.4-10.1 hours), and no results were lost. The XpertHIV test was 
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significantly faster than the standard of care EID qPCR, routinely sent to TDH, with a 

TAT of 24 days (see above, p<0.001). Even in comparison to the qPCR in our study 

(performed at QECH) with a TAT of 3 days (IQR: 1.1–4.2 days), the TAT using the 

XpertHIV was significantly faster (p<0.001).  

4.5.5. Operational performance of the XpertHIV  

Of the 711 Xpert HIV-1 Qual Assays performed, 18 (2.5%) needed to be repeated to 

receive valid HIV results due to “invalid” errors, mostly related to filling the cartridge 

with <100µl of whole blood. Laboratory staff felt the assay was user-friendly, and 5/7 

thought it was easy to use. The assay system was already available in most district 

hospitals and health centres, reagents were readily obtainable, and no power issues 

were reported. Five out of 7 laboratory technicians also strongly agreed that the Xpert 

HIV-1 Qual Assay should be adopted at MDH, while two felt this would increase their 

workload. However, all strongly agreed that this assay had a faster TAT than routine 

EID and should be deployed in district hospitals all over Malawi. Laboratory 

technicians considered this test beneficial since Cepheid GeneXpert instruments were 

already available in most laboratories in Malawi, enabling patients to get EID test 

results on the same day, resulting in early ART initiation. (See Figure 4.2). 

 

Figure 4-2 Usability by laboratory technicians as per WHO ASSURED guidance 

SA-Strongly agree; A- Agree; D – Disagree; SD- Strongly Disagree; MoH - Ministry of Health; 

MDH - Mulanje District Hospital 
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4.5.6. Use of GeneXpert instruments for integrated testing  

MoH Malawi has permitted using Cepheid GeneXpert instruments previously used for 

Tuberculosis (TB) testing to integrate TB, EID, VL, HPV and COVID-19 testing. Malawi has 

met and, in certain cases, surpassed its VL testing targets from 2016 to 2018 and 2021-2022 

(40). However, this was not achievable in 2019-2020 due to frequent equipment breakdowns, 

low demand creation, stockout of reagents and COVID-19 disruptions (40). 

For the current study's duration, Cepheid GeneXpert instruments were used for Tuberculosis 

(TB) testing in most district hospitals. After this study was completed, GeneXpert machines 

are now used for HIV POCT testing for both VL and EID, but for EID, DBS is used (40). 

Government regulations state that all POCT sites should operate within an 8-hour workday. 

Every GeneXpert site requires, in an 8-hour workday, 1 data clerk and for 4-module or 8-

module - 1 laboratory technician/technologist; 16-module GeneXpert requires two laboratory 

technicians/technologists (40). Malawi needs a minimum of 80 dedicated data entry clerks 

and 99 dedicated laboratory technicians to operate the GeneXpert instruments for integrated 

TB, EID, VL and COVID-19 testing at the 80 POCT testing sites (40). During the study period, 

the guidelines stated that laboratory technicians should operate the GeneXpert instruments 

for integrated testing (40). This was also the case during the Covid-19 pandemic, where 

laboratory technicians took swabs and performed the testing; in other countries, nurses took 

swabs for Covid-19 testing or did XpertHIV testing. 

4.6. Discussion  

Xpert HIV’s sensitivity and specificity were over 97%. Our results are consistent with 

reports of high sensitivity and specificity comparable to conventional PCR, as 

presented in the systematic review and meta-analysis in chapter 2. The Xpert HIV-1 

Qual Assay using fresh blood (LOD 203 copies/ml) seems more sensitive than the 

qPCR, which requires DBS (LOD 2500 copies/ml). These results may explain why 

these 12 samples were not detected by standard qPCR. Similar sensitivities and 

specificities like ours have been reported in other studies (117)   and reviewed in  

(142). Another study reported 100% specificity and sensitivity of Xpert HIV-1 Qual 

Assay for EID compared to Abbott Real-time HIV-1 Qual Assay on 200 DBS from 

infants <1 year of age (143). The difference in our results is likely because the previous 

study used DBS instead of whole blood for the Xpert HIV-1 Qual assay, which has a 

different LOD of 668 copies/ml compared to 203 copies/ml for fresh (87). Therefore, 

some samples with copy numbers between 203 and 668 copies/mL may have been 
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missed by Ceffa et al. (143). Alternatively, differences may be due to the age of the 

children, as our study included children >1 year of age who might have received ART 

before (treatment status was unknown). In addition, Ceffa et al. tested in a centralised 

laboratory under qualified supervision and not on-site (143). 

POCT Xpert HIV dramatically reduced the TAT to 5 hours compared to the median 

TAT of 24 days standard of care DBS PCR testing using Abbott. Our results are 

consistent with findings from a South African study where EID XpertHIV TAT was 6.7 

hours (IQR 2.7 to 19.1) (127). This faster turnaround time resulted in results being 

received earlier by participants and faster initiation of ART. The Standard of care for 

TAT results is similar to previous studies, which showed a TAT of 19 days in 2009, 

which later increased to 34 days in 2015 (144). This quick TAT depends on existing 

health systems factors such as patient flow and the capacity of routine testing by staff. 

For effective implementation and scale-up of POCT XpertHIV testing in similar 

settings, there is a need to improve health system factors to achieve the shortest TAT 

and early initiation of ART. 

XpertHIV testing was conducted by laboratory staff and was user-friendly in a district 

general hospital because the instructions for both the device and test were few and 

easy to follow and interpret.  XpertHIV was acceptable to laboratory technicians, 

making it equally valuable for another testing apart from EID, e.g., viral load. The 

operational XpertHIV performance errors or invalid results data of 3% align with those 

reported in the Tanzanian study, 2.2% (117) and South African study, 5% (121), 

respectively. Our results are also consistent with the Kenyan study by Opollo where 

laboratory staff reported that XpertHIV was easy to use (117). 

In Malawi, GeneXpert HIV POCT testing is usually performed by laboratory 

technicians. Even during the Covid-19 pandemic, laboratory technicians took swabs 

and undertook the testing. During this study, MDH requested that laboratory 

technicians perform the XpertHIV testing per the national guidelines described in 

section 4.5.6 above. Health workers also raise concerns about extra work in a health 

system that is overstretched in other integrated programmes, not TB, Malaria, and 

possibly the MoH may consider using nurses and health surveillance assistants to 

assist with POCT testing (145). 
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 In our setting, having the battery back-up for the Cepheid GeneXpert instruments 

ensured XpertHIV testing throughout the 8-hour day shift. Implementing XpertHIV in 

district hospitals in Malawi would be easy because GeneXpert machines are already 

available. 

The uniqueness of this study was that it was the first to be conducted in the field and 

rural setting in Malawi, where Xpert HIV whole blood protocol had never been used 

before. During the study period, there were no plans by MDH to implement nor scale 

up this integrated POCT XpertHIV for EID in infants and children and adults. The 

study, therefore, serves as proof of concept for both EID and viral load monitoring 

using Xpert HIV. The study was also conducted by laboratory staff with limited hands-

on and formal training on PCR, hence offering a positive indication of feasibility and 

ease of assay use once implementation and scale-up occur. 

The study had some limitations. Considering that it was conducted at MDH, a district 

general hospital, using this assay outside the study setting or a health centre may 

generate different findings. Not all specimens were processed within the designated 

diagnostic window, as some were repeated due to errors or insufficient volume. The 

required blood volume had to be enough for XpertHIV and PCR testing. These 

problems were also reported in the South African study (127). Repeat tests yielded 

valid HIV results; hence this does not raise a significant alarm for the implementation 

of XpertHIV, as addressing and mitigating such errors can be achieved with training 

on specimen collection and user errors.  We acknowledge that using GeneXpert for 

integrated testing with other infections may impact the TAT of tests results; however, 

MDH only had 32 children eligible for EID testing using PCR in the 6 week study 

period, approximately one to two infants requiring EID testing per day; hence the 

impact on TAT and the workload is likely to be minimal.  

Lastly, there was no comparison of TAT at QECH and MDH as at QECH there were 

only a few XpertHIV tests done during a week or month with only one laboratory 

technician performing the XpertHIV POCT testing therefore, the sample size was small 

whilst, at MDH, many children were tested daily, seven laboratory technicians 

undertook the POCT testing, and the sample size was much larger. The conditions 

differed with QECH’s limited sample size, so we could not compare TAT for MDH to 

QECH. 



 

85 

4.7. Conclusion 

Although the Malawian government offers free life-long ART to every HIV-infected 

child, timely diagnosis remains an obstacle to reaching the UNAIDS agreed 95-95-95 

target. It has been the reality in Malawi, where the standard of care qPCR testing had 

a long TAT, and many results were not available to determine the HIV status of 

children. This study shows that the Xpert HIV-1-Qual Assay can be successfully 

adapted for the EID of HIV. The platform is available in most district hospitals for TB 

diagnosis and meets several ASSURED criteria- Sensitivity, Specificity, User-

friendliness and Rapidity. TAT was significantly reduced compared to routine qPCR, 

allowing treatment initiation on the same day as diagnosis. The test was easy to use 

and well-perceived by lab technicians, who did not require additional training. The 

quantitative HIV Xpert assay using the GeneXpert System could also monitor viral 

load in children on ART to ensure viral suppression. Therefore, implementing the Xpert 

HIV-1 tests in Malawi would bring the country closer to achieving the UNAIDS agreed 

95-95-95 target by 2030. 
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Chapter 5: Impact of XpertHIV using whole blood on time to 

initiate ART and persistence in care        

This chapter presents the time of ART initiation and linkage to HIV care after HIV 

diagnosis with XpertHIV (Deliverable to end-users (ASSURED criteria 6). It describes 

the study's aims, objectives, design, methodology and results and summarises the 

findings and recommendations. 

5.1. Introduction 

Currently, HIV treatment for infants and children lags far behind other demographic 

groups (27, 83, 146). In Malawi, in 2021, compared to 93% of pregnant women on 

treatment, only 74% of children aged 0-14 received ART (146). It could also be linked 

to  HIV testing lagging in this age group, with EID testing coverage estimated at 79% 

(IQR 71 - 98) (146).  Before this study,  in 2017, only 51% of HIV-exposed infants 

received an HIV test within the first eight weeks of life, and 52% of children (0-14 

years) living with HIV were initiated on ART 2017 (66).  

EID programmes enrol all HIV-exposed children from birth to 24 months or three 

months after cessation of breast milk. In 2021, 57,132 DNA-PCR samples were 

collected for EID. Of these, 41,859/57,132 (73%) were received at facilities, and 44% 

were communicated to caregivers. Of the total infants tested, 1536/41,859 (4%) were 

HIV positive. These data are similar to 2018, when the study was undertaken, 

discussed in Chapter 1, section 1.1.12. Only 44% (20038/45637) of mothers received 

infants’ results (67-70) which shows that there remains a delay in communication of 

test results which results in 56% loss to follow-up and reduced linkage to HIV  care 

(66-70, 146). Still, more information is needed to assess how XpertHIV can increase 

the speed of starting ART. 

5.2. Broad Objective 

To determine the impact of XpertHIV on HIV care for babies exposed to HIV.  

5.3. Specific Objectives 
a) To assess the time from diagnosis to initiation of ART. 
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b) To assess the proportion of infants and children initiating ART and remaining 

in care. 

5.4. Methods 

5.4.1. Type of Study 

A prospective sub-study to determine how well children were linked to HIV care. 

5.4.2. Study setting  

The study was conducted at MDH, a district hospital and QECH, a tertiary and main 

referral hospital in the southern region of Malawi (See chapter 3). 

5.4.3. Population 

The eligibility criteria for the participants included the following: children aged 0-14 

years whose caregivers were willing to have them tested for HIV, those with a clinical 

suspicion of HIV, caregivers’ history of child’s HIV positivity, or positive HIV result with 

antibody test during an admission 

5.4.4. Study recruitment process and data collection. 

The recruitment and data collection process were the same as the validation sub-study 

in chapter 4 above. The research nurse recorded the date and time of HIV diagnosis. 

If the participant agreed to start ART, the date, time of initiation and ART number were 

documented in the research notebook, and data was later transferred to ODK. A year 

after recruitment into the study, all children diagnosed with HIV at MDH and QECH 

and some HIV-negative participants from QECH with mobile numbers were contacted 

to assess linkage and persistence in HIV care. The PI and a research assistant 

telephoned the caregivers. Caregivers were rung several times until data was 

obtained.  Data collected assessed if the participant remained on ART, had viral load 

testing, and in cases where the participant had died, the cause of death was recorded. 

Data was entered in ODK and stored in the COM server. 

5.4.5. Ethical considerations 

A discussion on ethical considerations has been conferred in chapter 4 above. 
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5.4.6. Data management and data analysis 

Open Data Kit was used to collect and manage data. Medians and the corresponding 

interquartile ranges were calculated for TAT to ART initiation. Proportions or 

percentages were used to summarize the distribution of HIV status and age categories 

among the children. Wilcoxon rank-sum test was used to compare TAT to ART 

initiation between participants who used XpertHIV and those who used PCR. Turn-

around times used measures of central tendency (median) and dispersion 

(interquartile range). All analyses were done in Stata-15 (StataCorp, Texas, USA). 

5.4.7. Outcome 

The primary outcome was time to initiation of ART, defined as the time elapsed 

between the patients receiving test results and the commencement of their ART 

treatment measured in hours, days and months. 

5.5. Results 

At MDH, 15 /680 (2.2%) participants recruited were HIV positive. Of these, 13/15 

(85%) were aged > 1 year and tested HIV positive by XpertHIV and antibody tests.  

11/13 aged > 1 year started ART on the same day of testing, whilst caregivers of the 

remaining two did not consent to ART initiation. The two infants diagnosed with HIV 

infection were not started on ART on the same day. A second confirmatory nucleic 

acid test (NAT) is required. The infants could have started ART on the same day had 

XpertHIV been approved nationally. One infant did not return to MDH, while the other 

infant travelled to another district the week after enrolling in the study. The caregivers 

had no mobile phones; therefore, they could not be contacted. In total, 4/15 (26%) of 

all participants diagnosed as HIV positives were lost to study follow-up during the study 

period. 

At QECH, 65/115 (57.5%) of the participants recruited were HIV positive. Of these, 

54/65 were aged > 1 year and tested HIV positive by XpertHIV and antibody tests. 

They were started on ART, but with QECH being a referral hospital, we could not 

follow up with all participants over time as they had to return to their referring health 

centres. When the study team contacted study participants between August to 

September 2019, of the 115 participants recruited from QECH, 44/115 had no mobile 
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numbers, 42/115 had provided mobile numbers, but when contacted, there were 

declared unavailable, 5/115 phone calls were answered by partners who had not given 

consent hence could not discuss research study outcomes with them, even after 

several attempts. Only 24 participants were contactable. 

Most of the participants recruited at QECH were from Blantyre rural and other districts 

in the southern region. Our main method of follow-up was telephone contact. We could 

not do home or health centre follow-up visits as the study design and budget were 

insufficient for such activities.  

For QECH, from the 24  caregivers of participants that we were able to contact, at the 

end of one year, we found out the following about the participants - 14/24 had died (13 

of infectious diseases and one of cancer (caregiver unsure of the type of cancer)); 6 

were alive, on ART and had viral load tests at six months and one-year post-diagnosis 

respectively; and four were HIV un-infected and well. On ART, participants reported 

attending Blantyre urban health centres such as Limbe, Ndirande and Bangwe. One 

participant was attending the Mulanje ART clinic. 

For MDH, a year follow-up on the 15 participants diagnosed with HIV infection, 11/15 

were started on ART, but only four were still on ART, according to the ART clinic. One 

had an ART clinic review and VL approximately nine months post HIV diagnosis which 

was less than detectable, 1 had an ART clinic visit a year later, but no VL was done. 

One had made 2 ART clinic visits, and VL was done seven months post-diagnosis in 

the study, whose result was <839 copies/ml. The last patient was seen in the ART 

clinic four months post-diagnosis, and VL was 4,057 copies /ml. The latter did not 

attend her next appointment and was scheduled for intensive adherence counselling 

but did not attend. The ART team were going to follow her up. 

5.6. Discussion 

XpertHIV testing had clear advantages compared to PCR. Antibody and XpertHIV 

testing provided test results for children one year and older on the same day of testing.  

Among children with positive test results, ART initiation was possible on the day of 

testing following the Malawi 2018 Ministry of guidelines for the treatment of HIV among 

this patient group.  However, ART initiation was not possible on the same day for 

children under one year with positive XpertHIV test results because the Malawi 
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Ministry of Health did not recognize the testing platform. These children had to wait for 

the standard of care testing platform results. Two infants were lost to follow-up in this 

group due to waiting for PCR test results. For effective implementation and scale-up 

of POCT XpertHIV testing in similar settings, there is a need to improve health system 

factors to achieve the shortest TAT and early initiation of ART.  POCT NAT, which 

provides same-day results, should be considered the second test in patients in less 

than one year. 

Ensuring children identified as HIV-infected are linked to care and initiating ART to 

reduce morbidity and mortality is the goal of EID testing. Yet, there remain bottlenecks 

in linkage to care and retention for infants with HIV (147, 148). The problem of delayed 

ART initiation among some patients <1 year who tested positive using XpertHIV is not 

unique to our study.  The same was reported among infants in a South African study 

(126). Considering that the testing characteristics for XpertHIV and PCR were the 

same, it would be ideal for initiating ART based on XpertHIV alone (and perhaps 

waiting for a PCR result if need be). 

Whilst findings from our study agree with other studies that demonstrated that point-

of-care EID improves the rate of results return to patients and has a significant positive 

effect on ART initiation rates  (147, 148); health systems still face bottlenecks in the 

identification and linkage to care of HIV-infected infants (147, 148). Most of the current 

barriers to timely EID testing and ART initiation in infants are related to weaknesses 

in the health system. For instance, caregivers had no mobile phones; therefore, they 

could not be contacted. The health system had no provision for contacting patients 

with HIV-positive results who did not return. Mechanisms are required to track mothers 

and infants who do not return for testing or results (148). 

Firstly, an infant could die before the caregiver receives the test result or attends the 

ART clinic (149). This did not happen in this study. Secondly, HIV test results may not 

be returned to caregivers even if the infant or child is alive. This type of loss to follow-

up (LTF) is a major challenge, as it increases the risk of morbidity and mortality in 

infants due to untreated HIV infection. An occurrence such as this happens due to the 

mothers and their infants/children migrating (149). However, the study revealed that 

LTF also operates at the level of health systems with the loss of results from TDH. The 

solutions to the health system factors included EID testing timing coinciding with the 
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first infant immunization visit and cell phone technology to deliver EID results for 

mothers/caregivers with phones. 

Thirdly, LTF of caregivers and infant pairs who are diagnosed as HIV-positive but LTF 

before attending ART services (149). Among the children aged >1 year diagnosed 

with HIV, 11/13 started ART on the same day, but the remainder did not. Overcoming 

this will require comprehensive approaches and interventions that strengthen 

healthcare services, from testing to ART initiation. These might include improved 

information systems for identifying patients who have not started ART, missed clinical 

visits and enhanced community outreach and patient tracing. Community outreach 

clinics may provide easier access to HIV-infected mothers and their infants (e.g., 

shorter travel distance, decreased wait times and less intimidating surroundings) and 

decreased perceived stigma associated with going to a health centre or district general 

hospital. 

Furthermore, in a systematic review and meta-analysis of 91 studies reporting on 

retention/attrition of HIV-positive children in low- and middle-income countries, most 

attrition occurred in the first six months of care, with a loss to follow-up of 19% by six 

months and 23% by 36 months (149).  children receiving ART were 27% less likely to 

be lost to follow-up than those, not on ART (149). The result shows the need to 

improve the health system to reduce loss, as shown in this study. A previous study in 

Malawi showed that active tracing of HIV-positive infants and receipt of the infants’ 

HIV test results were achieved for families of 87% of these infants, which is higher 

than the 44% in the years 2017-2018, as discussed in chapter 1. Tracing is unlikely 

without dedicated funds in a country with limited resources (149). 

The strengths of this study were that it was conducted in a field setting where there 

were no plans to implement and scale up the integrated POCT use for EID and viral 

load monitoring in adults. Therefore, it serves as a proof of concept for EID and viral 

load monitoring in adults. 

Our study had several limitations. Firstly the challenges of follow-up by mobile phones 

in a limited resource setting where more than half of the caregivers in this study had 

no mobile phones. MoH advocates using phones to contact adolescents and adults 

with high VL, but this study shows this is not a possible option for all caregivers. The 
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solution to this problem is same-day testing, where caregivers wait at the health facility 

for test results. For GeneXpert POCT testing, MoH advocates for EID testing using 

DBS, and caregivers return to the testing facility for HIV test results (136). The 

guidelines for the clinical management of HIV in adults and children recommend 

support of guardians and peer mentors (as stated in chapter 1) (57) who can take 

patients back to testing facilities to ensure ART adherence and linkage to HIV care 

within the National PMTCT and ART programmes (57). This results in limited 

generalisability as the findings might differ from settings where most of the population 

have mobile phones. 

Despite an adequate sample size being an important strength of this evaluation, the 

main limitation of this study is that the research setting limits the generalizability of our 

findings. Also, from this study, we cannot tell which specific barriers between EID and 

ART services are most important. 

 Therefore, additional research is required to explore these in detail. Finally, these data 

should be generalized cautiously, as the strength of health systems varies widely 

between settings. 

5.7. Conclusion 

Implementing Xpert HIV can significantly improve EID and ART initiation timeliness, 

thereby decreasing morbidity and mortality. However, with the LTF occurring at every 

step of the EID cascade and linkage to HIV care resulting in diminished numbers of 

HIV-infected children gaining access to ART, health systems need to be strengthened.
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Chapter 6: Acceptability of XpertHIV using whole blood to 

caregivers and health workers:  a qualitative sub-study. 

This chapter presents the qualitative study which explored the acceptability of Cepheid 

Xpert HIV-1 Qual assay (XpertHIV) using whole blood to caregivers and health 

workers in Mulanje, Malawi (Deliverable to end-users (ASSURED criteria 6), using 

semi-structured interviews. This addresses objective 1 of the thesis. After a brief 

introduction, the chapter describes the aims and objectives, methodology and results 

and concludes with a summary of the findings and recommendations 

6.1. Introduction 

A diagnostic cascade for early HIV infant diagnosis is an important gateway to 

reducing paediatric HIV-associated morbidity and mortality. Cepheid Xpert HIV-1 qual 

assay (Xpert HIV) (87)  for a POCT offers the potential to overcome barriers to the 

uptake of EID, including the long TAT associated with conventional DNA/RNA PCR 

tests.  Whilst the systematic review and meta-analysis in chapter 2 provided data on 

sensitivity and specificity. However, parent/caregiver and health care worker (HCW) 

views about Cepheid HIV and the factors influencing its uptake as POCT for EID in 

Malawi remain unknown; hence the motivation of this study is to assess user 

acceptability of XpertHIV. 

An infant’s linkage to HIV care is inextricably linked to the mother. However, EID rates 

are lower than maternal HIV care engagement (150, 151), suggesting additional 

factors drive this poor uptake. Health systems factors such as poor-quality counselling 

(152), fear of disclosure (153), costs of multiple clinic visits (154), and a lack of service 

integration have been highlighted as barriers to achieving optimal EID coverage (152, 

155). 

Whilst mothers often face these health systems, on the individual level, there are 

financial and logistical barriers to accessing EID, and personal emotional, 

psychosocial, and decision-making processes impact EID. Studies have shown how 

stressful EID  is for the mother, the lack of knowledge regarding EID and infant ART, 

the perception of health care workers as authority figures, fear of disclosure of own 
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and child’s HIV status, and lack of psychosocial support has also been shown to be 

significant barriers and facilitators of EID (156, 157). 

It is important to investigate the personal experiences of the mothers and caregivers 

with the actual POCTs used in EID and their decision-making processes. Caregivers 

can be the parent or legal guardians of a child; hence this group will be referred to as 

“caregivers” throughout.  The caregivers play a big role in deciding on the uptake of 

POCT for EID; therefore, this study's motivation. 

6.2. Broad Objective 

To explore caregivers’ and health workers’ acceptability of XpertHIV in Mulanje District 

Hospital, Malawi.   

6.3. Specific Objective 

1. To examine the perspectives, beliefs and attitudes of caregivers and HCWs (nurses) 

concerning EID in general and XpertHIV testing for EID specifically.   

2. To explore caregivers’ and HCW (nurses) experiences and decision-making 

processes in terms of delivery of XpertHIV testing  

6.4. Methodology  

6.4.1. Setting 

The study occurred at Mulanje District Hospital (MDH) see chapter 3. The Malawi 

national HIV policy recommends HIV antibody testing for all HIV-exposed children 

aged >12 months. For HIV-exposed infants aged six weeks, standard HIV testing uses 

dried blood spots (DBS), which are sent to Thyolo District Hospital Molecular 

laboratory (39km away) for HIV-1 PCR testing. From hospital records, approximately 

2700 HIV-exposed infants from the Mulanje district are tested yearly.  

6.4.2. Design 

The performance study described in chapter 4 formed the sampling frame for this 

qualitative study. In brief, at MDH, 680 children (aged 0 months – 14 yrs.) were 

recruited, of whom 600 were included in the analysis, and 101/600 (17%) were infants. 

All participants were tested with XpertHIV and PCR from July to September 2018 
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(chapter 6). The heel prick took infant blood: 5 x blood spots for PCR (~0.35mls) and 

0.5mls into an EDTA for XpertHIV. For ~ 5% of infants in both groups, heel prick failed, 

and for older children, venous samples were taken, generally from antecubital veins. 

For the current study, 60 caregivers responsible for EID uptake decision-making were 

purposively sampled (158, 159) across children’s age groups for semi-structured 

interviews (SSI). Inclusion criteria for caregivers of HIV-exposed infants and children 

were decision-making responsibility for (1) an infant or child who was suspected to be 

HIV exposed but had no prior HIV test, or (2) an HIV-exposed infant for EID, and (3) 

being over 18 years old or emancipated minor, and (4) willing to provide informed 

consent. Additionally, all five nurses working in the outpatient department, EID and 

prevention of mother-to-child transmission (PMTCT) were eligible based on 

performing the XpertHIV testing and recruited in the study. 

SSI explored perceptions regarding the use of XpertHIV and DNA PCR, including 

factors influencing acceptance of the test and experiences of EID (see appendix 9). 

Experiences and acceptability of using XpertHIV were also explored among nurses. 

All interviews were conducted in a study room housed within the outpatients’ 

department and audio recorded. Two trained qualitative researchers facilitated the 

interviews and were responsible for taking field notes, data transcription and 

translation. Interviews were conducted in Chichewa (the dominant local language), 

each lasting less than an hour. Sampling continued until data saturation was reached 

(160, 161). There was no apriori conceptual framework to guide data 

collection/analysis, but this is permissible in some qualitative research so long as data 

collection, analysis, and interpretation of findings are accurate and rigorous.  This was 

found acceptable, and the findings of this study were peer-reviewed by qualitative 

experts and were published in Plos GH journal (currently in production before 

publication).  

6.4.3. Design and piloting of qualitative data 

There was no priori conceptual framework to guide data collection/analysis but this is 

permissible in some qualitative research so long as the data collection, analysis and 

interpretation of findings is accurate and rigorous.  The designof this study was found 

to be acceptable, and findings of this study were peer reviewed by qualitative experts 
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and has been published in the PLOS Global Public Health journal 

(doi.org/10.1371/journal.pgph.0001135).  

Initially, we designed an interview guide at UCL, piloted in MDH by interviewing five 

people under the supervision of Dr Moses Kumwenda, a social scientist and qualitative 

expert researcher; however, the data gathered did not fully capture the themes, so we 

redesigned the questionnaire. Dr Kumwenda has worked on and developed many 

interview guides. See Table 3.1 in chapter 3, pages 38 to 40, for more details on the 

caregiver and health worker’s interview guide. Dr Kumwenda also supervised the 

adaptation of the health care provider interview guide. 

Though after 24 interviews, most themes had emerged, Mulanje was well known for 

concerns about vampirism, so we continued until no more new information emerged. 

6.4.3. Data analysis 

Data were analysed using inductive and deductive coding to identify emergent 

themes, patterns, and concepts from participants’ accounts. MK developed an 

analytical coding framework by listening to the recordings, applying open descriptive 

coding to transcripts, and considering the focus areas of acceptance, decision-making, 

and perceptions about XpertHIV. The coding framework was adapted and further 

developed as the analysis progressed. Transcripts were imported into NVivo 11 QSR 

software (QSR, Melbourne, Australia) for management and coding. Units of emerging 

themes for analysis were coded from Chichewa transcripts by two Chichewa speakers 

(MNN and MP) to optimise the trustworthiness of interpretation and credibility. The 

data was translated from Chichewa to English after coding. Using the coding 

framework, data were coded using the thematic approach, grouping it against the 

relevant emerging analytical segment. The researchers (MK and SH) then reviewed 

the initial codes for accuracy.  We compared the findings from caregivers and nurses 

to consider how their perspectives may converge and differ, enhancing the data's 

validity.  We present the emerging themes as a descriptive narrative supported by 

verbatim quotes. Pseudonyms are used to protect participants’ confidentiality.  
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6.5. Results 

We interviewed 60 caregivers and all five nurses in the outpatient department involved 

in the XpertHIV testing. Of the 60 caregivers, 58 (97%) were female, and 57 (95%) 

were married and had a median age of 25 years (IQR: 22 -34) (Table 1). Most 

caregivers (34/60, 57 %) were housewives, while some (18/60, 30%) were involved in 

small-scale businesses. Four of the five nurses (4/5) who participated in this qualitative 

study were female and had a median age of 33 years (IQR: 23 -58) (Table 6.1).  

Table 6-1 Demographic characteristics of study participants 

Characteristic                                 Frequency 

Caregivers n=60 Nurses n=5 

Age (median) 25yrs (IQR: 22 -34) 33 yrs (IQR: 23 -58) 

Sex  

Male 

Female 

 

2 (3%) 

58 (97%) 

 

1 (20%) 

4 (80%) 

Marital Status 

Married 

Separated/Single 

 

57 (95%) 

3 (5%) 

 

4 (80%) 

1 (20%) 

Occupation 

Working on a farm 

Working in the small-scale 

business 

Domestic work/Housewife 

Civil Servant  

 

7 (11%) 

18 (30%) 

34 (2%) 

1 (57%) 

 

NA 

IQR: interquartile range   NA: Not applicable 

Five main themes emerged from the analysis of caregiver and nurse perspectives. 

These have been divided into factors influencing XpertHIV EID acceptance and views 

about the national roll-out of XpertHIV and are elaborated below. 



 

98 

6.5.1. Factors influencing EID acceptance 

6.5.1.1. Motivations for EID for caregivers of infants 

Caregivers perceived the early treatment of HIV infection among children positively 

and thought it was an important test for improving health prospects.  

“They should start with the children. Because if I am on antiretroviral therapy (ART), I 

should know that my child should receive ART as soon as possible.” [Caregiver 7, 43-

year-old woman, child aged ~3 years] 

Most caregivers found EID acceptable mainly because they desire a prompt HIV 

diagnosis to help and support their children to have healthy lives. Caregivers were 

keen to see their children tested for HIV and explore the best options to ensure prompt 

access to relevant follow-up healthcare.  

“It is a good idea because using this method, we can know the child's status and how 

we can take care of him/her, access treatment if found infected, and prevent if found 

negative.” [Caregiver 1, 25-year-old woman, child aged ~1 year] 

The perceived risk of HIV appeared to drive test acceptance, although there was 

evidence of the lack of understanding among caregivers about routes of HIV 

acquisition among children and the potential of denial/othering sources of HIV infection 

in infants and young children: 

“That is how it is supposed to be, that children should be tested because children might 

have contracted HIV somewhere without their parents knowing. Because they play 

with different games and a wide range of objects.” [Caregiver 63, 25-year-old woman, 

child aged ~1 year] 

Caregivers used EID to verify their own HIV status by proxy. Some study participants 

who had previously described having tested negative raised concerns about the 

possibility of being in the window period when they were initially tested and wanted to 

engage with EID to confirm their HIV status. Thus, testing children generally was 

described by caregivers who distrusted previous HIV-positive results as a means 

through which their own HIV status was ascertained: 
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“Start with testing children because from there, it is easy for adults to know their 

status.” [Caregiver 20, 25-year-old woman, child aged ~4 years] 

“The mother could be in the window period and transmit [HIV] to the child.” [Caregiver 

65, 24-year-old woman, child aged ~9 years] 

6.5.1.2. Fears about EID 

Several participants from the caregiver group expressed the importance of counselling 

alongside EID to address and provide support for service user’s fears surrounding the 

testing process: 

“Doctors should offer counselling to reduce the person’s stress when waiting for the 

results.” [Caregiver 45, 38-year-old woman, child aged nine years] 

Caregivers expressed some negative perceptions that might undermine test 

acceptance of EID. These included concerns about the process of drawing blood and 

potential physical harm/injury to the minor child despite EID using capillary blood 

sampling for DBS. The main worry of the caregivers was about the quantity of blood 

that was drawn from an infant, the physical pain that this intrusive procedure caused 

the child, and the experiencing recurrent struggles among nurses to collect a blood 

sample for approximately 5% of children:  

“My concern is on the vein which blood is taken from, which is painful to a child.” 

[Caregiver 11, 30-year-old woman, child aged four years] 

“I have no problem, but I fear the venous blood drawing. I am afraid of it leaving a 

wound on the puncture site.” [Caregiver 48, 36-year-old woman, child aged four years] 

The nurses also experienced difficulties performing venepuncture procedures to draw 

venous blood samples from infants and young children. They frequently described 

blood drawing as one of EID's key challenges, including XpertHIV testing procedures.   

“But EID is a challenge when finding a vein in children under six years.” [nurse 05, 

female, married, 28 years].  
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 Some caregivers had concerns regarding what happened to the blood after it was 

taken. They seemed uncertain or worried about the diagnostic procedures that 

followed a blood sample had been drawn and a feeling that the amount of blood 

sample drawn was too much for simply testing HIV in their child.   

“I am concerned about where the blood goes after being taken.” [Caregiver 06, 30-

year-old woman, child aged nine years] 

“My problem is with the amount of blood taken and what they do with it.” [Caregiver 

56, 25-year-old woman, child aged nine years] 

Fears expressed in the second quote emerged, possibly because most caregivers had 

prior knowledge of the amount of blood needed for an HIV test using the routine rapid 

antibody tests in adults. 

6.5.1.3. Trust in the professionalism of nurses in EID 

Trust in the work and professionalism of nurses among caregivers was an essential 

factor in facilitating acceptance of EID. This trust was linked to nurses' perceived 

superior knowledge and expertise and a sense of dependence on nurses as the 

gatekeepers to health services. It appeared to be supported by friendly communication 

and supportive practitioner-patient relationships. Several caregivers also described 

the importance of confidentiality, trusting that the nurses would maintain their privacy 

and look after their best interests. 

“People have faith in health workers because they [health workers] are the ones who 

provide help when someone is sick”. [Caregiver 68, 33-year-old woman, child aged 

six years] 

“Because the hospital staff know everything, they must be trusted.” [Caregiver 62, 40-

year-old woman, child aged three months] 

6.5.1.4. Gender dynamics influencing engagement with EID 

There appeared to be gendered aspects to decision-making. Most caregivers’ 

accounts alluded to men’s position of influence within the household, with men holding 

the power to authorise HIV testing for any household member, including the infant. 
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Some women caregivers described difficulties discussing subjects about HIV testing 

services without their male partner’s involvement. 

“Men should be coming to the hospital with families to get tested as the heads of the 

families, and we should motivate them as women”. [Caregiver 37, 40-year-old woman, 

child aged five years] 

Women caregivers felt that men should be encouraged to get involved in the testing 

process. Nurse respondents reinforced this 

“I also feel it is because of the culture that says that decision-making belongs to the 

man, and this causes [women] not to answer questions.” [nurse03 male, single, 23 

years] 

Participants felt that the best way to inform communities (including men) about the EID 

testing was through education at health facilities, community visits, via the radio, 

meetings and posters, and via the village chiefs. 

6.5.1.5.  Appreciation of rapid XpertHIV turnaround 

The availability of same-day results was recognised as an essential benefit of 

XpertHIV EID to allow speedy access to support and care of the child  

“[I want] Same day because you are waiting to hear how your child will be, so it’s 

important to know fast, to see how you will help the child.” [Caregiver 4, 20-year-old 

woman, child aged ~2 years] 

Same-day results also meant that caregivers were not living in suspense for prolonged 

periods before knowing about the HIV status of their child. Waiting for test results for 

an extended period and the uncertainties surrounding suspense were associated with 

stress, worry, and anxiety on the caregiver's part. Caregivers also felt that the long 

waiting time for test results was inconsistent with the expected TAT of most other 

routine tests and could undermine future test acceptance.   

“When we come for testing, we need to hear the results on the same day because we 

have worries about the possible results.” [Caregiver 1, 25-year-old woman, child aged 

~1 year] 
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Additionally, caregivers described the risk of forgetting to return for test results after 

time has passed, which may influence disengagement from the EID cascade. 

“Same day [is better] because when you get tested and time passes, you might forget.” 

[Caregiver 53, 24-year-old woman, child aged ~2 years] 

Nurses’ accounts echoed caregivers’ perspectives: they valued the quick TAT for 

results with XpertHIV. Nurses perceived this as a benefit which also supported them 

in performing their work: 

“I feel good because this method is fast and will help us save lives in time.” [nurse01 

female, married, 33 years]. 

6.5.1.6. Views about the national roll-out of XpertHIV EID 

Caregivers and HCWs felt that if XpertHIV testing were implemented at the community 

health facility level, community members would welcome this initiative. They cited 

several potential benefits of implementing XpertHIV testing in community health 

facilities, including increased access to HIV services and shorter walking distances to 

access HIV tests.  

“We would be happy because the HIV testing service has come closer to us, unlike 

accessing it from a long distance.” [Caregiver 04, 20-year-old woman, child aged ~2 

years] 

Nurses held varied and sometimes divergent views regarding the affordability and 

scalability of XpertHIV. Some felt the Ministry of Health (MoH) would be very interested 

in this technology on account of excellent TAT of results and because non-lab 

healthcare providers can operate it:  

“The ministry of health will be interested because the whole process is very fast” 

[Nurse01 female, married, 33 years]  

Other nurses considered the availability of resources as a key determinant of whether 

the government could afford to scale up XpertHIV countrywide and sustain 

implementation in health facilities. They identified inadequate financial and human 

resources as key potential barriers to the performance of the XpertHIV testing 
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approaches to scale. They felt that Malawi as a country was struggling financially, as 

demonstrated through their experiences while working at government health 

establishments.  

“Considering the country's financial difficulties today, I think it would be hard for the 

government to purchase equipment.” [Nurse01 female, married, 33 years]. 

Despite these potential barriers to implementing XpertHIV, healthcare providers highly 

value using XpertHIV. They cited ease of use to providers and timely results as key 

selling points for XpertHIV. Additionally, healthcare providers stated that scaling up 

XpertHIV would require procurement of more Cepheid GeneXpert equipment and 

training for both new and existing health personnel on the usage and maintenance of 

this technology.  

“Yes, we need a lot of time for orientation because someone new needs to be properly 

trained.” [Nurse01 female, married, 33 years]. 

6.6. Discussion  

We prospectively explored the decision-making processes and factors relating to EID 

and XpertHIV among caregivers and nurses in a busy district hospital in Malawi, which 

has the ninth-highest HIV prevalence globally (22). We found high acceptance of both 

EID and XpertHIV.  

The primary motivation for engaging with EID was the caregivers’ desire to protect 

their children through early access to ART. Testing is a gateway to knowing a child’s 

status, treatment, and support.  These results echo findings from Lesotho, where early 

knowledge of children’s HIV status was perceived as the primary benefit of engaging 

with EID (162). Some caregivers used EID to ascertain their HIV status by proxy, 

reverberating similar findings from South Africa (163).  

As with previous studies, it was demonstrated that trust is essential for the acceptance 

of health interventions and effective therapeutic encounters (164). Research from 

other health conditions, such as cancer, has highlighted how trust can shape 

engagement with treatment and care services and may support decision-making 

processes  (165). While we found that trust played a positive role in shaping 
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engagement with EID of HIV, it would also be important to examine instances where 

practitioner-patient relationships are not perceived as positively as described in other 

settings  (166). In this study, whilst blood sampling with its associated pain and fear of 

scarring was of concern to some caregivers, the amount of blood taken and its use 

was also a concern. EID was still acceptable to caregivers and nurses as the benefits 

of knowing the HIV status outweighed the concerns above. The finding signifies a 

disconnect between trust in practitioners and some caregivers' systems. Both assays 

require blood sampling; if capillary sampling fails, venous sampling is done; therefore, 

this will not be unique to XpertHIV.  

Other caregivers had concerns about their partner’s involvement which was important 

for test acceptance. Within the Malawian context, men are the decision-makers and 

are expected to make decisions about children's health, including HIV testing. This 

can be a strong barrier to engagement with HIV services. Kumwenda and colleagues  

(167) found that men were more likely than women to fear self-testing with their 

partner, especially if there is a previous or current record of infidelity. Besides exposing 

concealed infidelity, male partners were also worried that an HIV diagnosis would 

render them vulnerable to blame and accusation for introducing HIV into their 

relationships (167). These dynamics show how men can influence decisions to seek 

EID at the household level. A study in Kenya describes the supportive roles men can 

adopt following cultural conceptions of masculinity, which can reshape traditional 

notions of male engagement while facilitating infants’ uptake of EID (168). It is 

imperative to investigate this further and to explore how best to involve partners and 

to ensure that couples are targeted simultaneously when raising awareness about EID 

and XpertHIV testing to support the uptake of testing and early initiation of treatment 

in young children and infants.  

The quick turnaround time afforded through XpertHIV they eased some of the 

anxieties among caregivers linked to long waiting times for test results and problems 

associated with follow-up. Other settings have also reported caregivers’ anxiety while 

waiting for test results, which can be exacerbated by mothers’ feelings of responsibility 

for the test outcome, including guilt related to the chance of their child having a positive 

result (169).   
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Nurses held varied and sometimes divergent views regarding the affordability and 

scalability of the national roll-out of XpertHIV based on their understanding of the 

infrastructural and cost implications of implementing XpertHIV. Through their 

experiences in working within the health system, nurses had concerns about 

resources and supplies. This is reflected in the literature. Malawi ranks 164th out of 

177 on the UNDP Human Development Index (HDI) (170). The UNDP 2018 report 

states that since 1990, Malawi’s progress has stagnated largely due to the negative 

impact of HIV/AIDS, poverty, and illiteracy (170). 

The strength of this study was that it was conducted in a field setting where XpertHIV 

was novel to both nurses and caregivers, thereby offering an opportunity to examine 

perspectives on the testing approach. These findings may change as the XpertHIV 

tests for EID become more available.  

The sample size of 60 caregivers was large for a qualitative study, ensuring robust 

findings. The high proportion of mothers is representative of the clinical setting. 

The study's limitations include having only five nurses involved. These nurses included 

everyone involved in the parent study, and the insights provided were sufficient for this 

study. Caregivers may have associated the interviewers with the health programme, 

which could have influenced their accounts; however, we probed more to gather the 

most narratives.  

6.7. Validity, reliability, positionality, and limitations 

In qualitative research, validity concerns the accuracy of the tools, processes, data 

and scientific findings, whereas reliability refers to consistency in the execution of the 

procedures (171-173). As such, evaluating the quality or credibility of qualitative 

research involves assessing the reliability and validity of the study findings. In this 

section, I reflect on my circumstances and methodological and analytical issues about 

the study findings to provide an appropriate context for judging the integrity of the 

conclusion.   

First and foremost, I am a Malawian woman raised in a middle-class family. I spent 

most of my childhood in the Blantyre district, about 90 kilometres from the study 

setting. I was the Emergency Triage Assessment and Treatment (ETAT) mentor for 
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Mulanje District Hospital. The implication of this during fieldwork was mixed. Whilst I 

was an outsider who came to conduct the study, on the one hand, I was not a total 

stranger, and I often introduced myself to the participants as one of them. I could relate 

to some of the issues raised during our interaction, which made it easier for me to 

understand and accurately represent their accounts. 

Furthermore, it allowed me to negotiate the social boundaries that often characterise 

interaction with outsiders. Through this, I gained the respondents’ trust, which may 

have made them more open in our conversations. In contrast, my familiarity with the 

setting means I could not look at things with the curiosity of an outsider, possibly 

affecting the data's depth.  

Throughout the fieldwork, my position concerning the context alternated between 

insider and outsider.  I also documented justifications for each decision, personal 

beliefs and experiences to keep potential biases in check.  

I am mindful that other analysis approaches with a different focus would have drawn 

different conclusions from the same data. I sought differences and similarities across 

the participants’ accounts during analysis to ensure that diverse perspectives were 

represented. I have included in the report rich and thick verbatim extracts from 

transcripts to enhance representation. 

6.8. Conclusions  

This study generates useful insights about caregivers’ and nurses’ experiences 

following engagement with EID and a novel XpertHIV test within a resource-

constrained setting.  

EID appears to be acceptable among caregivers and nurses for various reasons, 

including protecting a child's health and confirming one’s status by proxy. Addressing 

the barriers to the uptake of EID, including pre-existing fears about blood taking and 

trust in the use of blood samples, should support more effective implementation of EID 

of HIV in the future. 

XpertHIV was acceptable among caregivers and nurses due to its quick turnaround 

time, simplicity, and ease of use by less skilled health providers and was 
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recommended for scaleup. XpertHIV is an important diagnostic innovation with great 

potential for improving early HIV diagnosis among infants in resource-constrained 

settings; however, before the national roll-out of XpertHIV, resource and supply 

implications should be considered to ensure XpertHIV access is universal and 

sustainable. 
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Chapter 7: Cost and cost-effectiveness of XpertHIV using whole 

blood versus PCR by Abbott using dried blood spot: a societal 

perspective. 

This chapter presents a cost and economic evaluation of XpertHIV compared to PCR 

by Abbott using a societal perspective in Mulanje, Malawi (Affordability (ASSURED 

criteria 1). It describes the aims and objectives of the costing study, the study design, 

the methodology and the results. It concludes with a summary of the findings and 

recommendations. These findings from this study have been published (2022;2: 

e2022013. doi:10.52872/001c.37787) see appendix 18.) 

7.1. Introduction 

As discussed in Chapter 1, there is an urgent need for a testing system that is timely, 

sensitive, and specific to help in initiating treatment as quickly as possible for infants 

living with HIV. A point-of-care test may meet these needs. However, these tests' costs 

and potential effectiveness are unknown. 

Real-world evaluation is therefore necessary, and, given the existing resource 

constraints, in Malawi, an assessment of the cost and cost-effectiveness of XpertHIV 

is also needed (174). 

The study aimed to provide costings evidence that policymakers could use for 

decision-making at a national level.  

7.2. Broad Objective 

To assess the cost-effectiveness of POCT XpertHIV using whole blood compared to 

standard of care PCR by Abbott using DBS. 

7.3. Specific Objective 
1. To conduct a cost comparison of the two testing strategies, XpertHIV whole 

blood protocol (WB) and standard of care with HIV DNA PCR using Abbot 

systems from a societal perspective in a rural district general hospital setting.  

2. To conduct a cost-effectiveness analysis of the two strategies using turn-

around time (TAT) of results as the outcome measure. 
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7.4. Methods  

7.4.1. Study setting and design 

This costing study was conducted from July to August 2018. Two hundred caregivers 

of children aged 0-14 who provided consent for HIV testing and study participation 

were recruited in Mulanje District Hospital (MDH) in southern Malawi. The current 

study compared costs of locally performed (XpertHIV) with DBS sent to QECH in 

Blantyre, 89 kilometres away, for testing by study PCR. 

As a standard procedure for HIV-exposed infants, HIV tests were done at six weeks, 

12 months, and 24 months as there is a chance that those born HIV-negative can be 

infected through breastfeeding. Follow-up of HIV-exposed infants stops at 24 months 

of age.  EID testing for infants aged six weeks only involved DBS being sent to the 

molecular laboratory for PCR by Abbot testing and HIV-1 and HIV-2 antibody tests for 

12 and 24 months old, respectively. 

The study addressed testing for two groups- infants aged six weeks old only who had 

XpertHIV, in-house PCR by Abbott at QECH and DBS sent to Thyolo District Hospital 

(TDH) for testing by PCR and the rest of the infants and children who had XpertHIV, 

in house PCR by Abbott at QECH and if aged over 12 months HIV-1 and HIV-2 

antibody tests. 

7.4.2. Cost comparison Cepheid Xpert HIV-1 Qual assay (Xpert HIV) 

and HIV DNA PCR by Abbot systems (PCR) 

We estimated the health facility and economic costs of carers (see appendix 10).  

Intervention-specific variable costs were estimated using the ingredients approach, 

while shared overhead costs such as waste management and utilities were 

apportioned using a hospital's annual expenditure. We allocated it to the laboratory 

using an allocation basis (estimated proportion of lab to hospital area), multiplying that 

by a proportion of the cost attributable to the study (e.g., the proportion of lab electricity 

that a machine used for testing used) and multiplying that by the proportion of the 

study period to the financial year (29/365).  

Fixed costs were annuitized using the standard formula,  



 

110 

𝐾 = 𝐸
1 − (1 + 𝑟)−𝑛

𝑟
 

Where 𝐾 is the initial capital outlay, 𝐸 is the annual sum which, at an interest rate 𝑟 for 

𝑛 years, will be equal to the initial capital outlay (175). Useful lives, 𝑛, of capital items 

were collected from different sources and an interest rate of 3% was used. Capital 

items included the equipment and staff training. 

Household costs included costs incurred by patients and guardians in seeking care, 

i.e., transportation, food, purchase of health passports, consultation, registration, 

laboratory test, medicines, gifts to health workers and under-the-table payments. The 

study randomly selected one out of every three guardians. The study estimated the 

opportunity cost of time that guardians and their companions spent travelling to health 

facilities and waiting for their child to get care, outpatient or inpatient. 2013 earnings 

data for the occupations represented in the household cost survey were adjusted for 

inflation using annual consumer prices indices for 2013 and 2018, multiplied by the 

times that each occupation category spent and converted into US dollars using a 2018 

exchange rate of 1$ = MK750. A weight of 3 inflated the costs based on simple random 

sampling, and an average patient cost was calculated. 

7.4.3. Cost-effectiveness analysis 

We adopted a payer perspective, where the payer was the Government of Malawi. 

The cost per test was then estimated by dividing the total cost of each testing strategy 

by the sample size of n= 700. The standard formula for the incremental cost-

effectiveness ratio (ICER) was used, i.e., the difference in costs for the two strategies 

divided by the difference in their turnaround times. The turn-around time of results was 

calculated from when a sample was taken from a patient to when test results were 

given to the patient and measured in hours.  

We conducted a deterministic sensitivity analysis by extending the study period from 

29 days to a year (365 days). We also conducted probabilistic sensitivity analysis by 

making 1000 Monte Carlo simulations and calculating the probability that a strategy 

could be effective at different threshold ratios. For each simulation, random draws 

were made from the Gamma distribution for cost data parameterized as 𝑔𝑎𝑚𝑚𝑎(𝛼, 𝛽) 
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in Microsoft Excel where  𝛼 = 𝜇
¯ 2 𝑠2⁄  and 𝛽 = 𝑠2 𝜇

¯
⁄  and the normal distribution 

𝑛𝑜𝑟𝑚𝑎𝑙(µ, 𝜎2) for turn-around times. Cost data were categorized as equipment, 

human resources, lab consumables, overheads and transport for each strategy. 

Microsoft Excel was used when a draw was taken for each of these categories for 

each strategy. 

7.4.4. Data sources 

We used the Government of Malawi Integrated Financial Management Information 

System (IFMIS) expenditure data for the 2018/19 financial year for Mulanje district 

health office and Queen Elizabeth Central Hospital to approximate overhead costs. 

The Principal Investigator provided unit cost data, while waste management contract 

data were obtained from the Ministry of Health. Data on the useful lives of various 

equipment were obtained online and from other published literature. Data on 

household costs incurred in seeking care were collected through a costing survey 

questionnaire between July and September 2018. TAT data were compiled by 

laboratory staff at both centres of the study. Consumer price index data was obtained 

from the Reserve Bank of Malawi website. Open Data Kit was used to collect and 

manage data, and Stata-14 (StataCorp, Texas, USA) was used for analysis.  

7.5. Results 

From July to Sept 2018, 700 PCR by Abbott tests using DBS were performed on the 

680 participants enrolled on the study, of whom 15 were identified to have HIV-positive 

results. These newly identified HIV-positive DBS were retested twice, and 5 of the 15 

were retested thrice, so with confirmatory testing of the HIV-positive cases, 700 tests 

were performed. Costs of repeat tests were included in the analysis.  

There were 49/680 blood samples insufficient for both PCR by Abbott and XpertHIV 

testing, so only PCR was done as it was the gold standard test. In total, 631 XpertHIV 

and 700pcr tests were performed in the study. 

7.5.1. Cost analysis 

Table 7.1 shows the total costs incurred by each testing strategy broken down by major 

cost categories. XpertHIV was cost-minimising compared to Abbot PCR for the same 
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number of samples tested. XpertHIV had a total cost of $29,638.46 compared to 

$46,658.91 for Abbot PCR for the same number of samples tested. The average total 

cost of an XpertHIV test was $42.34 compared to $66.66 for Abbot PCR 

Table 7-1 Three-month total costs by strategy and expenditure category 

Expenditure category by strategy Total cost ($) 

Cepheid Xpert HIV-1 qual assay   
Equipment 7,453.28 

Human resources 3,675.72 

Lab consumables 17,168.58 

Overheads 996.48 

Transport 344.40 

Total cost 29,638.46 

Average total cost 42.34 

 

 

HIV DNA PCR by Abbott 
 

Equipment 35,957.54 

Human resources 4,684.15 

Lab consumables 5,004.84 

Overheads 26.41 

Transport 985.97 

Total cost 46,658.91 

Average total cost 66.66 

* The transport costs are different because Mulanje district hospital is the main referral hospital 

in the whole district 

The key cost drivers of the two strategies in Table 7.1 are equipment and lab 

consumables. Abbot PCR has higher annuitized equipment costs representing 77% 

of the total cost, compared to XpertHIV at 25%. However, XpertHIV has a higher cost 

for lab consumables representing 58% of the total cost and three times the cost of the 

corresponding items for Abbot PCR. 

Table 7.2 shows that the variable to fixed cost ratio for XpertHIV is 2.96 :1 while for 

Abbot PCR, it is 0.30:1. This suggests that with a greater volume of tests, the average 

total cost of Abbot PCR is likely to decline at a faster rate than XpertHIV or possibly 

be cost minimising compared to XpertHIV. 
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Table 7-2 Classification of three-month total costs by strategy and whether fixed or variable 

Expenditure category by strategy Total Cost ($) 

Cepheid Xpert HIV-1 qual assay  
Variable 22,146.06 

Fixed 7,492.40 

Total 29,638.46 

  
HIV DNA PCR by Abbott  
Variable 10,676.37 

Fixed 35,982.54 

Total 46,658.91 

 

We tested this assumption by extrapolating the data from 29 days to a year (i.e., 240 

working days.)  We also considered the maximum capacity of the equipment in a year 

(11,856 tests for XpertHIV and 4608 for PCR by Abbot). The results are presented in 

Tables 7.3 and 7.4. Table 7.3 shows that the annualised total cost of XpertHIV exceeds 

that of Abbot PCR, $191,147.88 and $124,700.21, respectively, reversing the base 

case scenario. However, the average total cost (ATC) per test is still lower for XpertHIV 

than PCR by Abbot, at $16.12 and $27.06, respectively. The lower XpertHIV ATC is 

due to its higher capacity of tests in a year compared to PCR by Abbot. Based on 

Table 7.4, the variable cost to fixed cost ratio escalates to 23.3:1 for XpertHIV, while 

it increases to 2.43 for Abbot PCR when the costs are extended to a year. 

It can be demonstrated that if XpertHIV were used instead of Abbot PCR, the 

Government of Malawi would save resources because of two factors: 1) lower cost of 

XpertHIV test and 2) higher return rate of results for XpertHIV. We can examine two 

scenarios, one in which both testing strategies operated at observed efficiency and 

the other in which they operated at full capacity. Each year approximately 40,000 HIV-

exposed infants are born in Malawi who are eligible for testing. In 2018, 38,393 HIV-

exposed babies were born & discharged from maternity units in Malawi.  The MoH 

collected and recorded 45,637 DNA-PCR samples. Of these, 31730 (70%) results 

were returned to collection sites.  However, only 20038 (44%) of mothers received 

their infants’ results. Therefore in 2018, the MoH spent $3,041,960.97 ($66.66 per test 

for 45,637 samples) given the observed efficiency scenario. However, if XpertHIV had 

been used, MOH would have spent $1,932,300.57 ($42.37 per test for 45,637 

samples) and saved $1,109,660.40. Considering that 56% of the samples (25,599 

samples) tested by PCR by Abbott were not received by mothers/guardians of the 
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infants, then $1,083,878.48 was lost. Assuming that XpertHIV has a 100% results 

return rate, the savings from implementing XpertHIV would be as high as 

$2,193,538.88. Assuming the full capacity scenario, 45,637 DNA-PCR samples would 

have cost $1,234,937 ($27.06 per test for 45,637 samples) for Abbot PCR. If XpertHIV 

had been used, MoH would have spent $735,668 (($16.12 per test for 45,637 

samples) and saved $499,269 on PCR. For the samples not received by 

mothers/guardians, $692,709 was lost. So XpertHIV would have saved $1,191,978, 

assuming XpertHIV had a 100% results return rate. 

Table 7-3 Annualised total costs when the study period is extended to 1 year by strategy and 
category 

Expenditure category by strategy Total cost ($) 

  
Cepheid Xpert HIV-1 qual assay  
Equipment 7,814.87 

Human resources 30,145.31 

Lab consumables 142,090.80 

Overheads 8,246.72 

Transport 2,850.18 

Total 191,147.88 

Average total cost 16.12 

  
HIV DNA PCR by Abbott 

 

Equipment 36,319.13 

Human resources 38,765.37 

Lab consumables 41,237.37 

Overheads 218.59 

Transport 8,159.75 

Total 124,700.21 

Average total cost 27.06 
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Table 7-4 Classification of annualised total costs by strategy and whether fixed or variable 

Expenditure category by strategy Total Cost 

Cepheid  

Variable   183,277.68  

Fixed       7,870.20  

Total   191,147.88  

  

PCR by Abbott  

Variable     88,356.08  

Fixed     36,344.13  

Total   124,700.21  

 

Table 7.5 shows the characteristics of respondents to the household cost survey. Of 

the 200 participants recruited for the household cost survey, their caregivers were 2% 

male and 98% female. Someone accompanied 21% of the carers. Most (59%) of the 

guardians were housewives; 60% of the guardians walked to the hospital, and the 

mean time to travel to the hospital was 1.7 hours. About 90% of the sampled children 

were outpatients, while 10% were inpatients. The mean length of stay for the inpatients 

was 5.06 days, with a maximum of 21 days.
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Table 7-5 Demographic characteristics of the carers of study participants n=200; the data are 
shown as percentages unless stated otherwise 

Variable   

 Mean Std. Deviation 

Age 28.99 8.58 

Length of stay in hours 5.06 4.80 

Travel time to health facility (hours) 1.66 1.01 

   

 N % 

Marital status   
Single 9 4.5 

Married 180 90.0 

Divorced/separated 11 5.5 

Occupation   

Working on a farm 9 10.0 

Working in a small -scale business 37 18.5 

Civil servant 2 1.0 

Working in a non-government organisation 5 2.5 

Housewife 118 59.0 

Student 7 3.5 

Unemployed  11 5.5 

Means of transport   

Walking 119 59.5 

Bus/Minibus 27 13.5 

Bicycle 40 20.0 

Motorbike 2 1.0 

Car 3 1.5 

Motorised ambulance 9 4.5 

Travelled with companion   

No 159 79.5 

Yes 41 20.5 

Whether child was inpatient   

No 183 91.5 

Yes 17 8.5 

If guardian incurred any expenses at hospital   

No 107 53.5 
Yes 93 46.5 
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Table 7.6 presents the results of the household cost survey. The total economic cost that guardians incurred was $1,719. Guardian 

time and guardian’s companion’s time waiting for their child to get care were the biggest contributors to the total cost at $550.83 and 

$357.33. Guardian’s inpatient time was the third highest contributor at $253.89. There were no reported expenditures against 

consultation, registration, laboratory tests, medicines, health workers' gifts, and under-the-table payments. From the patient's 

perspective, the cost per test was $2.45. 

Table 7-6 Household costs incurred in seeking care 

Occupation Guardian 
time travel 

($) 

Guardian 
time 

seeking 
care ($) 

Guardian’s 
companion’s 

travel time 
($) 

Guardian’s 
companion’s 
time seeking 

care ($) 

Guardian’s 

inpatient 
time ($) 

Health 
passpo

rt ($) 

Food 
($) 

Guardian
’s travel 
cost ($) 

Guardian’s 
companion

’s travel 
cost ($) 

Total 
($) 

Working in farm 3.72 23.60 1.66 65.50 7.05 0.40 6.07 5.27 1.33 114.60 

Working in 
business 

2.07 3.76 3.02 5.18 12.96 1.07 16.07 9.67 1.33 55.13 

Civil servant 1.72 2.58 3.44 6.88 - - - - - 14.62 

NGO 6.88 12.39 12.39 6.88 - - 0.80 - - 39.34 

Housewife 20.37 138.15 1.86 2.84 64.62 1.20 33.49 27.47 6.60 296.60 

Unemployed 1.86 3.13 14.88 31.82 - 0.20 0.47 0.27 - 52.63 

Unweighted total 36.62 183.61 37.26 119.11 84.63 2.87 56.89 42.67 9.27 572.93 

Weighted total 109.87 550.83 111.78 357.33 253.89 8.60 170.68 128.00 27.81 1,719 

 



118 

 

7.5.2. Cost-effectiveness 

For the cost-effectiveness of XpertHIV vs Abbot PCR, we assumed that clients always 

need test results immediately and that the cost-effective strategy reduces the cost per 

hour of waiting for results. Table 7.7 shows the base case cost-effectiveness results.  

XpertHIV dominates Abbot PCR because of its lower mean cost per test ($42.34) and 

turnaround time (146.05h). The incremental cost-effectiveness ratio is, therefore, 

$0.17/h reduced. 

Table 7-7 Cost-effectiveness of XpertHIV v PCR by Abbot, base case scenario 

Strategy Mean Cost 
($) 

Mean 
TAT 
(hours) 

∆ Cost 
($) 

∆ TAT ICER ($/hour of 
waiting reduced 

Cepheid Xpert 42.34  7.10  (24.31) (146.05) 0.17  

Abbot PCR 66.66  153.15     

 

7.5.3. Sensitivity analysis 

Figure 7.1 shows the cost-effectiveness acceptability curves from the probabilistic 

sensitivity analysis. When the threshold willingness to pay for an hour waiting for 

results was less than $.0.20, PCR by Abbott had a higher probability of being cost-

effective. For threshold values greater than $0.20, XpertHIV had a higher probability 

of being cost-effective; from $0.70, the probability of XpertHIV being cost-effective was 

greater than 0.9.  
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Figure 7-1 Cost-effectiveness acceptability curves for testing strategies 
 

7.6. Discussion 

XpertHIV was cost-minimizing at $42.34 per test compared to $66.66 for PCR. Over 

a year, we extrapolate that XpertHIV remained cost-minimising at $16.12 compared 

to PCR at $27.06. Cost-minimisation of XpertHIV would derive from its relatively high 

results return rate and lower cost than Abbot PCR. From the patient's perspective 

(travel, food, lost productivity), the cost per test of XpertHIV was $2.45. XpertHIV had 

a mean TAT of 7.10 hours compared to 153.15 hours for PCR.  

The findings of this study are similar to other studies in Africa, where the cost per test 

result returned within 30 days in 8 countries was less for POC (US$27·24, range 

$21·39 - $33·10) than conventional PCR testing ($131·02, $96·26- $165·76) (82) and 

$32.65 for POC (33), $30 (testing once) to $55 (testing twice) (176), $24.18 for 

conventional and $27·61 for POC (177). 

When costs were extrapolated to a year, XpertHIV remained cost-minimising because 

of its higher throughput and the assumption of the machine being used at full capacity 

every day.  These findings are like a South African study demonstrating that higher 

volume facilities had better instrument utilization and lower POC costs (36).   
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According to probabilistic sensitivity analysis results, XpertHIV had a higher probability 

of being cost-effective for all simulated willingness to pay (WTP) thresholds. Although 

there is no official Government of Malawi WTP threshold for reduced time accessing 

health care, the CEACs in Figure 7.1 shows that whatever threshold value may be 

estimated, XpertHIV would still be the cost-effective strategy relative to PCR. 

Before this costing and cost-effectiveness analysis, we conducted a feasibility study 

evaluating the performance of XpertHIV. It was found to be as sensitive and specific 

as PCR by Abbot; and much easier to use than the standard EID strategies using PCR 

by Abbot systems in Malawi (27,28). Parents and caregivers also accepted XpertHIV 

as a POCT for EID (29,30).  Therefore, comparing the costs of current practice and 

the XpertHIV was necessary before recommending its use for EID.   

The study had several limitations. First, it was conducted in only one site, so there was 

no cost variation by geography or facility level. Using this assay outside the study 

setting or a health centre may result in different findings as costs may vary in different 

directions. This may be due to several operational factors, including GeneXpert 

machines of different capacities at health facilities and their utilisation/idle capacity 

levels. For example, Mulanje District Hospital had a VXI module Cepheid GeneXpert 

machine, which allows 96 tests to be performed per day. 

In comparison, other districts have IV module Cepheid GeneXpert machines which 

allow a maximum of 21 tests per day. And the machine at Mulanje District Hospital 

never runs at full capacity. However, more recently, HPV, Covid-19, and TB tests have 

been run concurrently. It may thus be worth extending this study to consider this 

scenario in future. Also, TAT would have been higher if this study had been conducted 

in districts with lower capacity machines, e.g., 4 module Cepheid GeneXpert 

platforms. 

In this analysis, we prioritised TAT because it impacts the time to ART initiation.  The 

study did not follow up with patients over time to link how turnaround times may have 

affected the children's health outcomes. There is a need for implementation studies to 

assess the impact of the transition to POCT and to continue to monitor the impact on 

ART uptake, survival, and broader outcomes such as Quality Adjusted Life Years or 

Disability Adjusted Life Years (DALYs) which will, in turn, inform future cost-
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effectiveness models. Extending this work to look at outcome measures for Malawi or 

similar settings will be important. According to the CHER trial conducted in South 

Africa, early ART initiation can reduce infant mortality from 16% to 4%, decreasing 

early infant mortality by 76% and HIV progression by 75% (21).  

Lastly, comparing costs between the two sites would have been useful; however, MDH 

was proof of concept where XpertHIV testing had never been done before.  During the 

study, this was performed by seven laboratory technicians in > 600 children, whilst 

QECH was one of the ten molecular centres for EID testing, with only one laboratory 

technician testing a few children each week - a total sample size of 113. The conditions 

were somewhat different with a limited sample size for QECH; hence the cost 

comparison between the two sites was not ideal, and the findings would not have been 

generalisable. 

The findings of XpertHIV’s cost-effectiveness and saving were shared with policy 

makers -the MDH District Health management team, QECH laboratory team and the 

acting Director of Diagnostics for MoH. They welcomed the study findings, especially 

the acceptability of XpertHIV whole blood testing by both caregivers and health 

workers, as it is perceived that taking blood from infants and children is challenging. 

They also felt the findings could impact policy and improve EID. Despite this, MoH 

Malawi revised EID and VL scale-up plan for 2022-2024, advocating for POCT 

XpertHIV using GeneXpert instruments and DBS  and Alere q 1 /2 (mPIMA)(40). The 

most significant impact of this study and contribution to the policy was that by 2019, 

POCT XpertHIV testing was implemented and is now rolled out in Malawi for EID and 

Viral load monitoring, albeit using DBS. The already existing Cepheid GeneXpert 

platforms are used for EID and VL monitoring, which has improved TAT and loss to 

follow-up of HIV-exposed infants. Furthermore, XpertHIV EID testing is concurrently 

undertaken with TB, HPV and Covid-19 testing, demonstrating better instrument 

utilization of the Cepheid platforms and high throughput. 

7.7. Conclusion 

This study conducted a costing and outcomes analysis of POCT XpertHIV and PCR 

by Abbot Systems. Results showed that XpertHIV cost was $42.34 per test compared 

to $66.66 for PCR by Abbot. When the study results were extrapolated from the study 
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period (29 days) to a year (240 working days), XpertHIV remained cost-minimising at 

$16.12 compared to PCR at $27.06, and the median turnaround time for results was 

7.10 hours for XpertHIV compared to 153.15 hours for PCR. Therefore, XpertHIV is 

cost-effective.  Implementing XpertHIV in the Mulanje district could significantly 

improve EID, decrease follow-up loss and decrease morbidity and mortality. More 

extensive modelling must determine the full and long-term consequences of 

implementing XpertHIV in Malawi and sub-Saharan Africa. 
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Chapter 8: Utility of IP-10 as a screening test for HIV infection in 

infants and children exposed to HIV   

This chapter presents a diagnostic accuracy study which assesses the utility of IP-10 

as a screening test for HIV infection in infants and children exposed to HIV in Mulanje 

and Blantyre, Malawi. It describes the aims and objectives of the diagnostic accuracy 

study, the research setting, the methodology and the results. It concludes with a 

summary of the findings and recommendations. 

8.1. Introduction 

As discussed in Chapter 1, IP-10 expression has been associated with HIV infection 

(90, 91).  Because of its strong association with HIV viral load (VL) and because it is 

a cheaper test than PCR (93), it has been suggested as an alternative screening tool 

for detecting HIV Infection in resource-limited settings (93). As discussed in Chapter 

1, several studies have explored the IP-10 correlation with HIV infection and VL in 

adults (93, 94). As well as its role in establishing HIV reservoirs in CD4+ T cells (95).   

IP-10 levels correlated with  HIV co-infection in children with active tuberculosis and 

HIV co-infection in Ghana (96) and Prevotella in the gut of perinatally HIV-infected 

children (97) respectively; however, no studies have been published on IP-10 as a 

screening test for HIV infection in children. 

As identifying biomarkers for EID for early detection of HIV infection is still a priority, 

this study assessed whether measuring IP-10 levels can be used as an initial 

screening tool to identify potential HIV-infected children in Malawi, who will then 

undergo a confirmatory NAT test. 

8.2. Broad Objective 

The broad objective was to assess the utility of IP-10 as a screening biomarker for HIV 

infection in infants and children exposed to HIV in Malawi.  

8.3. Specific Objectives 
1. To determine if IP -10 levels are raised in Malawian children with HIV-1 infection. 

2. To compare IP-10 levels in those with suppressed HIV viremia (Viral load <1000 

copies/ml) versus those with unsuppressed viremia (Viral Load >1000 copies/ml). 
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8.4. Methods 

8.4.1. Study setting, Period and Population 

Refer to Chapter 3, general methods for study setting, population and period. 

Recruitment of participants into the IP-10 study was opportunistic. All HIV-infected 

children in the study were enrolled on the IP-10 study. The HIV-infected children were 

the cases, and the HIV un-infected were the controls. For every case, two controls, 

age and sex-matched, were chosen in a ratio of 2:1 to increase the power of the study. 

The children’s demographic data and HIV status were recorded. 

 8.4.2. Procedures: Measurement of Plasma IP-10 Concentrations 

One ml of blood was collected from HIV-infected cases. HIV-uninfected controls and 

IP-10 concentrations were measured by Quantikine enzyme-linked immune-sorbent 

assays (R&D Systems, Minneapolis, USA) following the manufacturer’s instructions. 

Each sample was run in duplicate without dilution.  The mean minimum detectable 

dose (MDD) of human IP-10 was 1.79 pg/mL (range 0.476-4.10 pg/mL). 

8.4.3. Measurement of HIV status and Plasma Viral Load 

HIV status was confirmed using measurement of total nucleic acid using XpertHIV and 

HIV PCR by Abbot M2000 (described in chapter 5). HIV antibody tests were also used 

for children aged >1 year (described in chapter 5). In HIV-infected children, HIV RNA 

copies were estimated using the HIV RNA PCR by Abbot M2000 on DBS following the 

manufacturer’s instruction.  

8.4.4. Statistical analysis 

Statistical analyses used Stata version 13.0 (StataCorp, Texas, USA) and GraphPad 

Prism 7 (GraphPad Software Inc, California, USA). Demographic characteristics (age 

and sex) were compared between HIV-infected and HIV-uninfected groups using the 

Student’s T-test for parametric variables, Mann-Whitney sum rank for non-parametric 

variables, and Chi-squared test or Fisher’s exact tests for categorical data. A value of 

P<0.05 was considered statistically significant. P-values were adjusted for multivariate 

comparisons using the Bonferroni correction method. For correlation analysis, a p-

value <0.025 was considered significant. Spearman’s correlation coefficient ® was 

used to infer the association between biomarker IP-10 and traditional markers of HIV 
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disease progression (VL). A multivariate linear regression analysis was used to predict 

the effect of age and gender on IP-10 in the HIV-infected group and that of age and 

gender in the HIV-uninfected group. The accuracy of IP-10 in predicting HIV infection 

was assessed using the area under the curve (AUC) for receiver operating curves. 

8.5. Results 

A total of 795 children were recruited into the parent study, of whom 81 were identified 

as HIV positive.  All HIV-positive samples were included in this IP-10 sub-study, whilst 

the HIV-negative samples were age-matched (randomly chosen) with the HIV 

positives at a ratio of 2:1. In total, 216/ 795 participants' blood samples were studied. 

Of the 216 participants, 95 (43%) were female. 65/216 (30%) were aged ≤2 years. 

Most [135/216 (62.5%)] were HIV non-infected.  

There was no difference between female and male children living with HIV; the median 

IP-10 concentration levels were 326 pg/ml (250-560) and 334 pg/ml (204-713), 

respectively; p-value = 0.92.  Among HIV-negative children, female children had 

higher median IP-10 concentration levels of 495 (189.5-701) compared with male 

children, with median IP-10 concentration levels of 235 (168-682), but this difference 

was not statistically significant; p-value = 0.06. 

The median IP-10 levels among children living with HIV and HIV-negative children 

were 330 pg/ml (IQR 232-713) and 310 pg/ml (IQR 166-687), respectively, and this 

difference was not statistically significant.  

There was a positive correlation between IP-10 levels and HIV-1 VL, Spearman 

correlation of 0.41 and was significant at P value < 0.001 (see Figure 8.1) 
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 Figure 8-1 Correlation of IP-10 and HIV-1 viral load.  

Spearman’s correlation coefficient was used to determine the strength of 

association between the biomarker (log10 IP-10) and log10 viral load. Log10 IP-

10 levels positively correlate with log10 viral load - Spearman correlation 0.41, 

P value < 0.001. 

 

There was no linear association between IP-10 levels and age among HIV-1 infected 

children (see Figure 8.2 below, spearman correlation coefficient -0.28 and was 

significant at P value 0.04). 
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Figure 8-2 Correlation of IP-10 and age among HIV-1 infected children. 

Spearman’s correlation coefficient was used to determine the strength of the 

association between biomarker IP-10 and age among HIV-1 infected children. There was 

no linear association between IP-10 levels and age among HIV-1 infected children -

spearman correlation coefficient -0.28, P value 0.04). 

There was no linear association between IP-10 levels and age among HIV-1 un-

infected children, Spearman correlation coefficient -0.10 and was insignificant, P value 

0.24 (see Figure 8.3). 

 

Figure 8-3 Correlation of IP-10 and age among HIV-1 un-infected children. 
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Spearman’s correlation coefficient was used to determine the strength of the 

association between biomarker IP-10 and age among HIV-1 un-infected children. There 

was no linear association between IP-10 levels and age among HIV-1 infected children 

-Spearman correlation coefficient -0.10 was insignificant, P value of 0.24. 

All children aged ≤ 2 years had higher IP-10 levels than >2-14 years (median 1,229 

versus 324 pg/ml and was significant at P value < 0.001 (see Figure 8.4). The trend 

shows characteristics of IP-10 levels decreasing with age.  

 

Figure 8-4 Comparison of plasma IP-10 and age (≤2 yrs versus total (all children aged 0-14 
years) between HIV-infected and HIV-uninfected groups.  

Mann-Whitney rank sum test was used to compare the difference between the medians 

of the two groups.  IP-10 levels were significantly higher in the (≤2 yrs) HIV-infected 

group than in the HIV-uninfected group.     

Performance of IP-10 as a marker was poorer among >2-14-years (AUC 0.58) (see 

Figure 8.6) versus ≤ 2 years (AUC 0.86) (Figure 8.5), respectively. 
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Figure 8-5 Performance of IP-10 in predicting acute HIV infection (a) Area under ROC curve 
among ≤2-year-olds (AUC 0.86)  

 

 

Figure 8-6 Performance of IP-10 in predicting acute HIV infection (b) Area under ROC curve 
among >2-year-olds (AUC=0.58) 
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8.6. Discussion 

The current study is the first to assess the utility of the IP-10 as a potential biomarker 

in diagnosing HIV infection among Malawian infants and children. IP-10 levels have 

shown a good correlation between HIV infection and viral load in some studies, 

particularly in adults (93). We compared IP-10 levels between HIV-1 infected children 

to HIV un-infected children presenting to paediatric OPD and wards in the ratio of 2:1. 

Overall, we found a positive correlation between IP-10 levels and HIV-1 viral load but 

not age and sex, with the Spearman correlation between IP-10 and VL of 0.41, which 

was significant at P value < 0.001. This would give the impression that IP-10 may be 

a good test for screening for HIV infection; however, this was not the case. IP-10 levels 

range among HIV-infected and HIV-uninfected children were similar, 330 pg/ml (IQR 

232-713) and 310 pg/ml (IQR 166-687), respectively. These findings are similar to 

other studies on IP-10 and diseases such as TB and Malaria. The range of IP-10 

levels was also similar among children with active TB disease and their controls 

(median 1019 pg/ml, range: 320–5047 pg/ml) versus (median 320 pg/ml, range: 320–

7275 pg/ml, p = 0.073). IP-10 levels were similar among Indian children with mild 

Malaria and healthy controls. However, the levels increased significantly as 

disease severity increased. The highest levels were seen among non-survivors of 

Cerebral Malaria (178). 

Chemokines play a key role in the pathogenesis and resolution of infectious diseases, 

both bacterial (TB infection diagnosis (179), latent TB (92) and monitoring of TB (180) 

as well as viral infections, e.g. enterovirus (181, 182). Previous studies demonstrated 

high levels of IP-10 were found in paediatric patients with sepsis (183) and enterovirus 

EV71 infection (182).  In this study, it is possible that the reason IP-10 levels were 

similar in control and HIV -1 infected children aged ≤2 years was most likely due to 

viral infections. As stated above, infections that commonly occur in this age group, 

such as rhinovirus (184),  RSV (185, 186), enterovirus (181, 182)  as well as sepsis 

(183), are associated with increased IP -10 levels. 

IP-10, as a marker of inflammation, is probably not specific to HIV infection and HIV 

viremia. It is likely a response to many other viral and non-viral infections. As a result, 

it may not be as useful on its own as a biomarker for HIV-1 infection. However, it may 

still have a role as part of a panel of diagnostic markers. In this study, it would have 
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been better to use healthy controls who were not sick or attending health facilities 

because young HIV -1 un-infected infants and children aged ≤2 years have many viral 

infections, as stated above.  Kelly et al. demonstrated that among Malawian adults in 

the REALITY trial, there was no significant difference between IP-10 levels among 

HIV-infected and uninfected adults at ART initiation. However, a significant difference 

in IP-10 levels could be seen one year after commencing treatment (187). However, 

other markers such as IL-6, CRP, and IFN-γ correlated better. TNF alpha correlated 

well with HIV VL at both baselines and at the exit. IL6, sCD163, CRP and interferon-

gamma also correlated well with HIV VL at the one-year exit point (187). Therefore, 

future studies could consider exploring the use of these markers IL-6, CRP, sCD163 

and IFN-γ together with IP-10 as a screening tool for HIV-1 in children. 

A key limitation of this study was that the sample size for the ≤2 years age group was 

small, which could potentially result in a type II error in the statistical analysis; 

therefore, we recommend that a larger study should be undertaken. Secondly, since 

we did not screen for potential viral infections, malaria and TB, which can also increase 

IP-10 levels, in this study, we could not tell whether the increase of IP-10 levels in 

children under two years of age was due to these infections. Whilst it would have been 

good to screen for these infections, in real-life setting HIV infected children present to 

health facilities with co-morbidities; hence a screening test should identify or have a 

high predictive value for HIV infection regardless of whether the infant or child has viral 

or bacterial infections, malaria, TB etc. 

8.7. Conclusion 

IP-10 levels have shown a good correlation between HIV infection and viral load in 

some studies, particularly among adults. This sub-study demonstrated a correlation 

between IP-10 and VL in children. However, our preliminary data suggest that plasma 

IP-10 is not a good screening tool for HIV infection in children because of high levels 

of IP-10 among HIV-negative children. Rapid screening tests for HIV infection remain 

a priority to address key infrastructural challenges in EID in a resource-limited setting. 

Further studies are therefore needed to evaluate the suitability of other candidate 

cytokines/chemokines for HIV screening among children aged ≤2 years. 
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Chapter 9: Optimisation and evaluation of Loop-Mediated 

Isothermal Amplification (LAMP) for the diagnosis of HIV in 

infants and children 

This chapter presents the optimisation of HIV LAMP assay in the UK. It describes the 

aims, objectives, optimisation, and challenges of the HIV LAMP assay and concludes 

with a summary of the findings and recommendations. 

9.1. Introduction 

One of the aims of this research work was to test the viability of Loop-mediated 

isothermal amplification (LAMP), an assay currently in development with an even 

faster TAT of 30 minutes compared to XpertHIV TAT of 5 hours (Chapters 4 to 6). This 

chapter includes a general introduction to LAMP and the optimization of procedures 

for HIV LAMP. This work was performed in Belfast, Northern Ireland; Imperial College 

& GOS ICH, London. This LAMP technique was learnt and optimized at the Royal Sick 

Children’s Hospital in Belfast, improved at Imperial, and further tested on samples at 

GOS ICH. 

9.2. General background to Loop-Mediated Isothermal Amplification 

(LAMP) technology 

As with all molecular amplification techniques, the design of LAMP primers is essential 

for the specific and sensitive detection of nucleic acid target sequences (98, 99). As 

discussed in Chapter 1, LAMP is an isothermal amplification method that uses multiple 

primers for the target. Therefore, its specificity is much higher than real-time PCR (RT-

PCR), which uses two primers (98, 99). Specifically, LAMP uses four specific primers, 

namely Forward Inner Primer (FIP), Backward Inner Primer (BIP), Forward Outer 

Primer (F3) and Backward Outer Primer (B3) are required for successful amplification 

(98, 99) (Figure 9.1). Adding up to two optional Loop primers termed Forward Loop 

Primer (FLP), and Backward Loop Primer (BLP) further accelerates the LAMP 

reaction, increasing the number of binding sites on the target nucleic acid to a 

maximum of six designed to create continuous stem-loop structures during DNA 

amplification. (106, 107). The FIP and BIP are hybrid primers consisting of sense (F2 

or B2 part) and antisense sequences (F1c or B1c part) of the target DNA  (99, 109). 
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The F1c and B1c regions are complementary to F1 and B1 regions, and F2 and B2 

sequences are complementary to F2c and B2c sequences. F3 and B3 primers 

complement F3c and B3c, respectively (99, 109). The FLP and BLP bind to the 

complementary F2c or B2c region of the target DNA, respectively and are then 

extended by a polymerase  (99, 109). After primer F3 or B3 binding to their 

complementary sequences in the target DNA (F3c and B3c, respectively), the newly 

synthesized DNA strand is dissociated from the target DNA during the extension of 

these primers by the polymerase (Figure 9.1).  The primers FIP and BIP are designed 

to form stem-loop structures, which means that the F1c region can bind to the F1 

region of this newly synthesized DNA product  (99, 109) and form a loop structure 

(Figure 9.1). These loop structures provide new binding sites for primers FIP and BIP 

at the F2c and B2c regions. The loop can also serve as the starting point for DNA 

synthesis and exponential amplification of the target region. Isothermal amplification 

occurs by a strand-displacing DNA polymerase and continuously regenerates stem-

loop structures. This can lead to the generation of greater than 1012 copies within 15 

to 60 minutes (99, 109). 

 

Figure 9-1 LAMP principle illustrating noncyclic amplification followed by cyclic amplification, 
Loop primers, primer design and relevant position of six primers on target DNA sequence. 

Source: New England Biolabs (neb.com) 
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9.3. LAMP detection techniques 

LAMP amplification can be detected in real-time (detect fluorescence in a machine) or 

by visual detection by observation of turbidity or colour change, usually at the end of 

the reaction. A by-product of LAMP reactions results in the formation of magnesium 

pyrophosphate produced directly proportional to the amount of target DNA amplified. 

This feature is exploited for detection purposes, forming a practical “built‘ detection 

method which can be monitored by the eye showing turbidity in real-time (99, 188). 

Colour changes occur when complexometric indicators pH, e.g. sensitive dyes, or 

DNA-intercalating dyes, are incorporated into the reaction (99, 188). Published LAMP 

assays using various methodologies and dyes have been employed to determine 

positive reactions, e.g. SARS COV-2- real-time turbidity and colour change (189), HIV- 

endpoint Fluorescence (Picogreen®) (103), Haemophilus Influenzae -Real-Time 

Turbidity (190), Influenza A H1N1 Virus – endpoint Colorimetric Detection (191), 

Plasmodium Falciparum- Real-Time Turbidity (192). 

Various HIV LAMP assays have been published in a research setting, with findings 

showing comparable sensitivity and specificity to PCR. e.g. Curtis et al. (100),  (101)  

(102)  (103)) (104)). (105), Hosaka et al 2009 (106), Singleton 2014 et al (107), Odari 

2015 et al (108) and Ocweija 2015 et al (109). Findings from these papers motivated 

me to explore if a POCT HIV LAMP assay could be optimized and established for 

HIV testing in infants and children. Especially when the infant is first tested around 

six weeks of age in an LMIC like Malawi, thereby significantly improving the time to 

initiation of HIV treatment in HIV-infected babies. Therefore, this study aimed to 

establish whether an HIV LAMP assay could be developed as a potential 

replacement for DBS HIV PCR testing.  

 

9.4. Specific Objectives 

This study had two specific objectives: 

1. To optimise LAMP assay for the diagnosis of HIV in exposed infants. 

2. To validate LAMP for the diagnosis of HIV in children in Malawi.  
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9.5. MS2 RNA LAMP assay 

Before optimising HIV LAMP assays, a bacteriophage MS2 RNA LAMP assay was 

tested using two different methodologies to provide a control method. 

9.5.1. Materials and methods 

Bacteriophage MS2 RNA was bought from Roche Molecular (Mannheim, Germany, 

supplied by Sigma Aldrich, UK). MS2 primers were bought from Merck (UK). 

Primer sequences utilized: 

MS2_FIP - TCGCAAGCGAACCATCTACGTCCGTTGGTATAGACCTGAA 

MS2_BIP - 

CGATAGACTTATCGTCTGCATCCGGAGATATGAATATAGCTCTGGTGG 

MS2_F3 - TGTAAGGAGCCTGATATGAATATG 

MS2_B3 - TAGTGTGAGCGGATACGAT 

MS2_LoopF - GCCAGACGCTGGTTGAT 

MS2_LoopB – GATCGCCTGGTGTGGAG 

MS2 primer sequences published by Optigene were bought from Merck. 

Two LAMP methods were evaluated: Method 1, Colourimetric LAMP; Method 2, Real-

time LAMP (rtLAMP). 

Method 1, Colorimetric LAMP was performed as follows: Briefly, the reaction volume 

of 25 μL contained 12.5 μL Warmstart mastermix (including dye; New England 

Biolabs, U.K), 0.05 μL AMV reverse transcriptase 25 U/ μL, primers- FIP and BIP (20 

pM), F3 and B3 (5 pM) and LoopF and LoopB (10pM), 4.95 μL nuclease-free water 

and 5 μL template RNA. Ten-fold serial dilutions of the MS2 RNA template, ranging 

from 2.1 × 1012 copies/μL to 2.1 × 101 copies/μL, were tested in duplicates together 
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with negative controls (water only).1 (Later experiments started from lower 

concentrations of either 2.1 × 109 copies/μL or 2.1 × 106 copies/μL). The mixture was 

incubated at 63°C for 60 mins (water bath). A change of colour from pink to yellow 

indicated a positive reaction due to the pH change in the reaction.  

Method 2, Real-time LAMP was performed as follows:  The reaction volume of 25 μL 

contained 12.5 μL GspSSD2.0 Isothermal Mastermix ISO 001 or ISO 004 (Optigene 

Ltd, UK) 0.05 μL AMV reverse transcriptase 25 U/ μL, primers- FIP and BIP (20 pM), 

F3 and B3 (5 pM) and   LoopF and LoopB (10pM), 4.95 μL nuclease-free water and 5 

μL template RNA. The mixture was incubated at 63°C for 60 mins using a Genie II 

(Optigene Ltd), which gives both qualitative (yes/no) and real-time (time of detection, 

amplification and melting curve) results. This method relies on fluorescence detection 

of an intercalating DNA dye in the ISO 004 master mix. The time in minutes required 

to reach maximum fluorescence for real-time LAMP is called Tmax. 

Target RNA samples were prepared by serial dilution of bacteriophage MS2 RNA in 

nuclease-free water between 2.1 × 1012 copies/μL to 2.1 × 101 copies/μL.  From this, 

experiments were run starting with 2.1 x 10 9 copies/ μl as a positive control to                   

2.1 x 10 3   copies/ μl and tube 8 had NFW (see Table 9.1). 

 

 

 

 

 

 

 

 

1 (Refer to MS2 RNA lab book page 6) 



 

137 

 

Table 9-1 Serial dilutions of bacteriophage MS2 RNA with their corresponding copies/ μl 

Tube number Serial dilutions 

Tube 1 Positive control -    2.1 x 10 9 copies/ μl 

Tube 2 2.1 x 10 8   copies/ μl 

Tube 3 2.1 x 10 7   copies/ μl 

Tube 4 2.1 x 10 6   copies/ μl 

Tube 5 2.1 x 10 5   copies/ μl 

Tube 6 2.1 x 10 4   copies/ μl 

Tube 7 2.1 x 10 3   copies/ μl 

Tube 8 Negative Template Control (NFW) 

 

All samples were tested in duplicate, and experiments to compare the two methods 

were repeated six times. A representative colourimetric LAMP is shown in Figure 9.2. 

Appropriate positive (undiluted MS2 RNA) and negative (water only) controls were 

included. At the start of the reaction, the reaction mix was pink (see Figure 9.2), and 

the change of colour to yellow indicated a positive sample (Figure 9.3). Both replicates 

produced a positive result in 95% of samples (data not shown). The limit of detection 

for the colourimetric method was 2100 copies/μl. 
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   Pos (109)      108    107    106     105    104    103      neg                         

Figure 9-2 Beginning of colourimetric LAMP reaction 

 

 

Pos (109)      108    107    106     105    104    103      neg                         

Figure 9-3 Results after completion of LAMP reaction 

 

For real-time-LAMP, representative profiles showing example amplification curves 

versus time in minutes are shown (Figure 9.4).  In contrast to real-time PCR data, the 

cycle number on the x-axis is replaced with Time in minutes (Figure 9.4). Melt-curve 

data (Figure 9.5) for the real-time MS2 assay are shown. The same colour wells with 

straight and dotted lines represent duplicates of the same concentration of RNA in 

serial dilution from 2.1 X106 to 2 copies/μl where wells 1 and 9 had positive control-

2.1 X107 copies/μl, 2 and 10 had  2.1 X106 copies/μl, 3 and 11 - 2.1 X105 copies/μl 4 

and 12 - 2.1 X104 copies/μl, 5 and 13 -2.1 X103 copies/μl, 6 and 14 - 2.1 X102 copies/μl, 

7 and 15 - 2.1 X101 copies/μl and wells 8 and 16 have negative template control (water 

only). 
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Figure 9-4 Amplification curves of a real time-LAMP assay for MS2 RNA  

generated using serial dilutions (Range 2.1 X106 to 21 copies/μl) 

 

 

Figure 9-5 Melting curve of a real-time-LAMP assay for MS2 RNA generated using serial 
dilutions (Range 2.1 X106 to 21 copies/μl) showing melt curves with a melt temperature of 88+/-
1 ˚C. 
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For concentrations 2.1 X102 copies/μl and 2.1 X101 copies/μl, amplification occurred 

in one well only, but for 2.1 X103 copies/μl, amplification occurred in both wells. This 

was the case for several experiments, n=6. The detection limit was, therefore, 2.1 x103 

copies/μl, maintaining all the conditions the same for all experiments. The mean time 

to detection (Tmax) was 27.4 minutes (range 15 - 38 minutes), as shown in Table 9.3. 

Table 9-2 Summary of MS2 RNA real-time LAMP assay (n=17 experiments) 

Limit of detection 2100 copies/μl 

melting temperature 88+/-1 ˚C. 

Mean time to detection (Tmax) 27.4 mins (range 15 - 38 mins). 

 

Overall, both the colourimetric and real-time LAMP methods involved a few steps that 

were easy to perform, giving similar results. 

9.6. Optimisation and validation of HIV real-time LAMP assay 

9.6.1. Methods 

9.6.1.1. HIV RNA templates used 

Four different HIV templates were used. 

a) Initial work used retrospective DNA extracted from 8E5 cells B clade, which has 

reverse transcriptase (RT)-a defective copy of the integrated HIV genome. This 

is often used for research. 

b) In vitro Transcription (IVT) was done to produce a synthetic RNA target from a 

gBlocks gene fragment (work on extraction and spiking plasma/whole blood 

used this synthetic target (protocol discussed below). 

c)  Testing of RNA from clinical specimens, compared to RT-qPCR. 

d) Subtype C HIV RNA from the National Institute for Biological Standards and 

Control (NIBSC). 
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In vitro Transcription of synthetic RNA from b above was as follows, and Dr Jesus 

Rodriguez-Manzano supervised me at Imperial College. 

1. Reaction mix contained 2μL Nuclease-free water, 10μL NTP Buffer Mix, 6μL 

Template DNA (>0.3kb), 2μL T7 RNA Polymerase Mix thus total reaction volume was 

20μL. 

2. The reaction mix was spun down, thoroughly mixed and incubated at 37°C for 2 

hours 

3. Qubit quantification for HIV nucleic acid concentration was performed. 

4. The DNA template was removed by adding 30μL of nuclease-free H20 and 2ul of 

DNase, and the reaction mix was incubated at 37°C for 30 minutes, followed by 80oC 

for 10 minutes to inactivate the enzyme. 

5. Qubit quantification for HIV RNA template (approximate yield 100ng). 

9.6.1.2. Primers utilised 

During the study period, various groups published HIV LAMP primers (Curtis et al. 

2008 (100), 2009 (101), 2012 (102) and 2018 (103)), which target reverse 

transcriptase gene regions; Rudolph et al. 2015 used two primer sets directed against 

highly conserved regions within the reverse transcriptase and integrase with a 

quenched probe (104). Curtis 2016 published reverse transcriptase primer sequences 

labelled with Hex and the Black Hole Quencher 1(193). Hosaka 2009 used primers 

which target the Integrase gene (106). Singleton also used these primers (2014 (107) 

and Odari 2015 (108). Ocweija 2015 “ACe” for “All Clade” and “IN” for “integrase” with 

26 different primer combinations (ACeIN-26) targeted the HIV integrase coding region 

(109).   

The conserved regions of the integrase gene of HIV with low mutation frequencies 

were candidate target sequences. Three different LAMP primer sets that bind to the 

integrase region of the HIV genome   were used:  

a) ACeIN-26 primers by Ocweija 2015 which stands for “ACe” for “All Clade” and “IN” 

for “integrase”, with 26 different primer combinations targeted the HIV integrase coding 
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region  (109). These primers were tested first as they detect all clades, including those 

prevalent in Malawi. I ran ACeIN26 published protocol (109) using 8E5 cells. Results 

of 4 experiments showed that the assay was not sensitive as it could not detect 

<10,000 copies//µl.2 

 

 

 

 

The first experiments were done with Ocweija 2016 Primers, Optigene ISO 001 and AMV Reverse Transcriptase. 

DNA from 8E5 cells with HIV clade B was used (refer to Lab book for protocol). 

When a 10ul HIV NA template containing about 3,000 copies/ml was used, there was no amplification in the LAMP 

assay. Despite doubling the input of primers, mastermix and NA template to a total of 50ul per reaction (containing 

20ul HIV NA template with 6,000 copies/ml), the experiments worked only once where amplification occurred at 7 

minutes, melting temperature (TM) was 83.51 ˚C, consistent with TM for HIV RNA target. Subsequent experiments 

showed TMs without amplification curves despite maintaining the same conditions as per the protocol above; 

hence these primers were no longer used. 

I contacted LAMP expert Derek Fairley at Queens University Belfast, who assessed the primers with me, and an error 

was identified on AceIN-26 primers. He contacted the author of Ocweija et al., but she did not want to discuss the 

matter further (81). AceIN-26 primers were then deemed not sensitive. Therefore primers from Hosaka 2009 were 

tested for the HIV LAMP assay optimization, which was carried out in collaboration with Dr Jesus Rodriguez 

Manzano from the Centre for Bio-Inspired Technology, Department of Electrical and Electronic Engineering at 

Imperial College London, who has extensive experience in LAMP diagnostic techniques.  
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b) Hosaka 2009 primers (Hosaka 2009)(106). Hosaka 2009 primers target the pol-

integrase gene and detect clades A, B and C. This is relevant for Malawi, which has 

98.5 % clade C. The Hosaka 2009 primers were designed based on the HIV-1 genome 

sequence (GenBank accession number K02013) using a primer-designing software 

program for LAMP (Primer Explorer ver. 2.0; Net laboratory, Japan(106) are shown in 

Table 9-4. The 100% detection limit of HIV-1 RT-LAMP was 120 copies/ml (106). I ran 

Hosaka's 2009 published protocol using synthetic RNA, plasma and whole blood at 

isothermal conditions at 60o C (106). 

c)  Primers from Hosaka 2009 et al. were modified in the present study by Dr Jesus 

Rodriguez-Manzano (105). He identified HIV pol-integrase target genes from Hosaka 

2009 primers. He modified and designed four HIV LAMP primers, namely JRM 1, 2,3 

and 4 (see Table 9.3), aligned using Basic Local Alignment Search Tool (BLAST). 

Conserved areas were then entered into clustal Omega, an online alignment tool. 

The amplicon length was 25 base pairs.  

The modified primers (JRM 1, JRM 2, JRM 3, and JRM 4) could also detect clades A, 

B and C. (see Table 9.3). 

Table 9-3 Hosaka 2009 and modified JRM 1 to 4 Primers sequences 

Primer Name  Sequence 

Hosaka 2009 

primer 

 

F3 TGGGCAGGTATTCAACAG 

B3 TTCTTTAGTCTGTATGTCTGATG 

FIP TCTTACCTGCCCTATGATTTTCTTT-GAATTCCCTACAATCCCCA 

BIP TTAAGACAGCAGTACAAATGGCA-TCTTTCCCCTGCACTGTA 

F2 GAATTCCCTACAATCCCCA 

F1c TCTTACCTGCCCTATGATTTTCTTT 
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B2 TCTTTCCCCTGCACTGTA 

Oii87B1c TTAAGACAGCAGTACAAATGGCA 

 

JRM 1 Sequence  

F3 GAGCACCTTAAGACAGCA 

B3 CCTTTCCAAATAGGGTCTCTG 

FIP CTGCACTGTACCCCCCAATC-GTACAAATGGCAGTATTCATTCA 

BIP ACAGACTAAAGAACTCCAAAACCA-

TGTCTCTGTAATAAACCCGAA 

F2 GTACAAATGGCAGTATTCATTCA 

F1c CTGCACTGTACCCCCCAATC 

B2 TGTCTCTGTAATAAACCCGAA 

B1c ACAGACTAAAGAACTCCAAAACCA 

 

JRM 2  Sequence 

F3 GCAGGTAAGAGAACAAGCT 

B3 TCCTTTCCAAATAGGGTCTC 

FIP CCAATCCCCCCTCTTCTTTTAAAAT-GCACCTTAAGACAGCAGT 

BIP ACAGACTAAAGAACTCCAAAACCA-

TGTCTCTGTAATAAACCCGAA 
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F2 GCACCTTAAGACAGCAGT 

F1c CCAATCCCCCCTCTTCTTTTAAAAT 

B2 TGTCTCTGTAATAAACCCGAA 

B1c ACAGACTAAAGAACTCCAAAACCA 

 

 JRM 3    Sequence 

F3 GTACAGTGCAGGGGAAAG 

B3 CCATAATCCCTAATGATTTTTGC 

FIP TCTGCTGTCTCTGTAATAAACCCG-

ATAGCATCAGACATACAGACT 

BIP AAGGACCAGCCAAACTACTCT-TGGTACTACCTTTATGTCACT 

F2 ATAGCATCAGACATACAGACT 

F1c TCTGCTGTCTCTGTAATAAACCCG 

B2 TGGTACTACCTTTATGTCACT 

B1c AAGGACCAGCCAAACTACTCT 

 

 JRM 4    Sequence 

F3 AGGAATTTGGAATTCCCTACA 

B3 TTCTTTAGTCTGTATGTCTGATG 
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FIP TCTTACCTGCCCTATGATTTTCTTT-

ATCCCCAAAGTCAAGGAGT 

BIP TTAAGACAGCAGTACAAATGGCA-TCTTTCCCCTGCACTGTA 

F2 ATCCCCAAAGTCAAGGAGT 

F1c TCTTACCTGCCCTATGATTTTCTTT 

B2 TCTTTCCCCTGCACTGTA 

B1c TTAAGACAGCAGTACAAATGGCA 

 

Under the supervision of Dr Jesus Rodriguez-Manzano from Imperial College, I used 

Hosaka 2009 primers to optimise an HIV LAMP assay at different temperatures, using 

different master mixes, extraction kits and samples of HIV RNA. 

9.6.1.3. Mastermix testing for HIV real-time LAMP assay 

Two master mixes, a) BST 2 DNA polymerase (New England Biolabs, Ipswich, MA) 

and b) Optigene master mixes (ISO 001 and ISO 004), were assessed. For the assay 

using BST 2 DNA polymerase, the reaction volume of 10 μL containing Bst DNA 

polymerase and AMV reverse transcriptase, 1.0 μL-primers FIP and BIP (40 pmol), 

primers F3 and B3 (5 pmol), primers LF and LB (20 pmol), and template RNA 1 μL. 

The mixture was incubated at 63°C for 60 min. For the assay using Optigene, two 

master mixes (ISO 001 and ISO 004) were tested. The reaction volume of 25 μL 

contained 12.5 μL GspSSD2.0 Isothermal Mastermix ISO 001 or ISO 004, 0.05 μL 

AMV reverse transcriptase, 2.5μL primers- FIP and BIP (20 pmol), primers F3 and B3 

(5 pmol), primers LF and LB (10 pmol), and template RNA 10 μ at 63oC for 30 minutes. 

Genie II instrument and Lightycler 480 programmed to do LAMP were used (Chapter 

3). 

9.6.1.4. Sample extraction kits used 

Next, we tested two different RNA extraction kits with minor modifications.   

QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany) and Zymol viral RNA kit (Zymol 
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Research, Irvine, California). The manufacturer's instructions were followed in the 

protocols listed below.  

9.6.1.5.  Qiagen QIAamp Viral RNA Mini Kit – Quick-start Protocol. 

Carrier RNA was reconstituted to Buffer AVL according to the manufacturer’s 

instructions. 

560 µl prepared Buffer AVL containing carrier RNA was mixed with 140 µl patient 

plasma, and the mixture was incubated at room temperature (15–25°C) for 10 min. 

Post incubation, the mixture was centrifuged at 6000 x g (8000 rpm) for 1 min, 560 µl 

ethanol (100%) was added, vortexed for 15 seconds, and 630 µl of the solution was 

applied to the QIAamp Mini column (in a 2 ml collection tube) and centrifuged at 6000 

x g 

for 1 min.  500 µl Buffer AW1 was added to the column before centrifugation at 6000 

x g (8000 rpm) for 1 min. 500 µl Buffer AW2 was added to the column and centrifuged 

at high speed (17,000 x g for 3 min). 60 µl Buffer AVE was added to the column to 

elute viral RNA, followed by centrifugation at 6000 x g for 1 min. 

 

9.6.1.6. Zymol Quick RNA Viral kit (R1034 ver 1.4.0) Protocol 

250 μl of beta-mercaptoethanol was added to 50ml Viral RNA Buffers to a final dilution 

of 0.5%. 

24 ml 100% ethanol (26 ml 95% ethanol) was added to the 6 ml Viral Wash Buffer 

concentrate (R1034). 

*All centrifugation steps were performed between 16,000 x g. 

800µl of Viral RNA Buffer was added to 400µl of whole blood sample; 1200µl 

of the sample, the mixture was loaded onto a Zymo-Spin™ IC Column (resting in a 

collection tube) and centrifuged at 16,000 x g for 1-2 minutes.  The flow-through was 

discarded. 

500 µl Viral Wash Buffer was added to the column before centrifugation at 16,000 x g 

for 2 minutes. The column was transferred into the DNase/RNase-Free tube. 15 µl 
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DNase/RNase-Free water was added directly to the column matrix and centrifuged at 

16,000 x g for 30 seconds. 

The eluted RNA was stored at -80oC until required.  

To screen for the optimum temperature, the reaction was incubated at 11 different 

temperatures ranging between (57°C–67°C) for 60 minutes, observing the results 

every 10 minutes up to 60 minutes. 

Genie II instrument and Lightycler 480 programmed to do LAMP were used (Chapter 

3, page 65). 

9.6.2. Results 

A series of experiments evaluated different LAMP primer sets, master mixes and 

extraction methods before attempting to optimize and determine diagnostic accuracy 

in real clinical specimens. Sensitivity, specificity, and amplification speed were used 

to compare relative performance, with faster amplification (lower time) being better. 

Positive and negative controls for all experiments were undiluted HIV RNA from stored 

RNA extracts from the in vitro transcription described in section 9.4.1.1 and nuclease-

free water, respectively. All experiments were done at least in duplicate. 

9.6.2.1. Comparison of detection time between Master mixes  

We consistently observed the Optigene master mixes (ISO 001 and ISO 004) to be 

faster than the BST 2 DNA polymerase, and the ISO 004 master mixes were superior 

to ISO 001 (Table 9.4; p=0.001). Optigene ISO 004 was used for further validation 

work on a Genie II instrument.  
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Table 9-4 Comparison of detection time between Isothermal Mastermix ISO 004 and ISO 001 
(Optigene) using Hosaka 2009 primers set up at the same time (n=4 experiments) 

  ISO 004  ISO 001  

HIV RNA 

copy 

number/µl 

Mean 

(mins) 

SD (mins) Mean 

(mins) 

SD (mins) P-value* 

1e6 3.58 0.14 9.7 0.28 <0.001 

1e5 4.45 0.01 10.7 0.28 <0.001 

1e4 6.27 0.03 16.1 1.9 <0.001 

1e3 7.99 0.62 25.2 1.9 <0.001 

1e2 32.1 8.8 37.8 12.4 0.72 

*Unpaired t-tests for two groups 

9.6.2.2. Comparison of detection time between primers 

From 5 experiments using the same master mix, Hosaka 2009 was consistently 

superior to JRM primers in terms of speed of detection, as shown in Figure 9.6 and 

Table 9.5, which shows a detection time of 19.4 minutes with a standard deviation 

(std) of 0.29 which is 5 minutes faster than the second-best primer set.  
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Figure 9-6 Comparison of detection time of Hosaka 2009 versus JRM 1 to 4 primers using DNA 
from 8E5 cells B clade, with serial dilutions of 5000 copies/ reaction, 500 copies/reaction and 
50 copies/ reaction run at a temperature 630c. 

In summary, from 5 experiments with serial dilutions of 5000 copies/ reaction, 500 

copies/reaction and 50 copies/ reaction with Hosaka 2009, JRM 1, JRM 2, JRM 3 and 

JRM 4 primers, results in Table 9.5 below show that Hosaka 2009 primers were 

significantly faster than the JRM primers (p<0.001, unpaired t-test) in time to detection 

of HIV RNA. 

Table 9-5 Comparison of detection time, Hosaka 2009 and JRM 1 to 4 primers 

 Hosaka 

2009 

JRM1 JRM2 JRM3 JRM4 

# 

Replicates 

4 4 4 4 4 

Mean (min) 19.4 34.8 24.68  33.95 24.2 

SD (min) 0.29 3.87 1.46 1.84 2.11 

P-value*  

 

<0.001 <0.001 <0.001 <0.001 

*Unpaired t-test 
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Comparing detection time by spiking sample with HIV RNA template (produced 

from In vitro Transcription (IVT) described above) followed by isolation by Qiagen vs 

Zymol kits. 

Before testing patient samples, it was important to establish detection time in plasma. 

Control plasma samples were spiked with an HIV RNA template isolated by the Qiagen 

or Zymol extraction kit to do this. The established RT-LAMP assay followed this spiking 

protocol. 

A Qiagen extraction kit was chosen for further patient sample extractions as it 

consistently proved superior to the Zymol extraction methodology as measured by the 

detection speed (Table 9.6). 

Table 9-6 Comparison of detection time in plasma samples spiked with HIV RNA template 
isolated by Qiagen vs Zymol kits using Iso 004 on Lightcyler and Genie instruments. 

 Qiagen                         Zymol 

HIV RNA 

copy 

number 

Mean 

(minutes) 

SD  

(minutes)     

P-value* Mean 

(minute) 

SD 

(minutes) 

P-value* 

1e5 6.0 0.04 Reference 13.53 0.29 <0.001 

1e4 8.37 0.66 Reference 15.7 1.12 <0.005 

1e3 9.27 0.87 Reference 27.7 0.82 <0.001 

1e2 14.06 0.04 Reference 30.3 0.97 <0.004 

1e1 12.46 0.0 Reference 35.63 2.52  

* Unpaired t-tests for two groups 

Post optimization of the conditions described above, the characteristics of the HIV 

real-time LAMP (RT-LAMP) assay identified are listed in Table 9.7. 

LAMP assay comprising Isothermal Mastermix ISO 004 (Optigene), Hosaka 2009 

primer, spiked RNA extracted using Qiagen kit had the melting temperature (TM) for 

HIV target ranged between 83˚C - 85oC a limit of detection at 1 x 10 3   to 1 x 10 4   

copies/µl. 
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Table 9-7 Summary of HIV RT-LAMP assay using synthetic RNA 

Limit of detection 1 x 10 3   copies/µl of plasma 

spiked with RNA. 

Characteristic melting temperature 84+/-1 oC. 

 

For real-time HIV LAMP assay, representative profiles showing example amplification 

curves versus time in minutes are shown (Figure 9.7).  As explained for the MS2 RNA 

assay above, the cycle number on the x-axis is replaced with Time in minutes. The 

same colour wells with straight and dotted lines represent duplicates of the same 

concentration of RNA in serial dilution, where wells 1 & 9, 2 &10, 3 &11, 4 & 12, 5 & 

13, 6 & 14, 7& 15 had 10 6, 10 5,10 4, 10 3, 10 2, 10, 1  copies/ul respectively. Wells 8 

& 16 were negative template controls (NTC) -nuclease-free water only). All wells show 

amplification curves with a sigmoid shape. In figure 9-4 below, NTC in well 8 was 

positive, showing an example of the technical challenges encountered with the LAMP 

assay. Using Optigene Iso 004, HIV RNA template, and Qiagen extraction kit, HIV 

RNA concentrations of 106 to 1 copy /ul amplification occurred between 5.45 to 26 

minutes (Figure 9.7).   

 

Figure 9-7 from a representative real-time - LAMP assay showing amplification curves 

The same colour wells with straight and dotted lines represent duplicates of the same 

concentration of RNA in serial dilution, where wells 1 & 9, 2 &10, 3 &11, 4 & 12, 5 & 13, 6 & 

14, 7& 15 had 10 6, 10 5,10 4, 10 3, 10 2, 10, 1  copies/ul respectively. Wells 8 & 16 were 

negative template controls (NTC) -nuclease-free water only).  
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9.6.2.3. Clinical specimens 

Before testing HIV-positive samples in Malawi, we had an opportunity to test the real- 

time LAMP assay versus qPCR methodologies using anonymised clinical samples 

available at Great Ormond Street Hospital (GOSH) under the health technology 

(assay) development and assessment ethical approval. One hundred forty-five 

anonymised diverse paediatric samples were tested, of which 100 were HIV-positive 

(viral loads between 1.8 x 102 and 1.3 x 106 copies/mL), and 45 were HIV-negative. 

The investigator was blinded to the HIV status.  

9.6.2.4. Comparison of HIV LAMP to RT-qPCR 

Seven experiments were run using anonymised and archived clinical samples tested 

as duplicates with copies ranging from 1.3 × 107 copies/μL to 1.83 × 102 copies/μL. 

The Hosaka primers, ISO 004 master mix and Qiagen extraction kit, were used. 

Results were not comparable to PCR results. The sensitivity was low, between 40% 

to 60 % and was not reproducible when experiments were repeated. Out of the many 

samples available for this study from ICH and GOSH clinic, many samples had a low 

viral load, and the detection time was 38 to 49 minutes, which is not recommended for 

LAMP. Therefore, following these findings, the next experiment was done in 

collaboration with an ICH postdoc (Dr Sarah Watters) who re-extracted a subset of the 

HIV-positive clinical samples which were previously extracted in 2016 using QIAmp 

Viral RNA mini kit (Qiagen, Hilden, Germany), and performed reference RT-qPCR 

testing on them to determine viral load. I tested the same samples using LAMP. qPCR 

data from the 46 extracted samples showed they all had low copies/ml of HIV-1, with 

CT values ranging from 31.43 to 39.88. Most samples had <100 copies/ml, and only 

seven had >100 copies/ml (Table 9.8). 
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Table 9-8 Results for 46 extracted patient samples 

sample 

no 

date 

sample 

taken 

previou

sly 

thawed 

HIV-1 RNA by 

PCR (2016 

result in 

copies/ml) 

HIV-1 RNA 

Viral Load 

copies/ml 

(2016 result 

in 

copies/ml) 

Genie 

22/6/18 

RT-PCR 

28/06/2018 

(copies/10ul 

whole blood) 

RT-PCR 

28/06/2018 

(CT value) 

RT-PCR 

28/06/2018 

(copies/ml 

whole 

blood) 

1 28/10/2016 y Not detected ~ neg 0.00 

Not 

detected 

Not 

detected 

2 28/10/2016 y Not detected <50 neg 0.06 39.17 2.57 

3 27/10/2016 y Not detected ~ neg 0.40 36.77 16.08 

4 23/09/2016 n Detected 120 5 

Not 

Detected 

Not 

Detected 

Not 

Detected 

5 07/10/2016 n Detected 52 (2.15) 0.75 35.45 29.98 

6 23/09/2016 n Detected 56 neg 0.21 36.81 8.46 

7 07/10/2016 n Detected 160 neg 0.62 36.15 24.92 

8 19/08/2016 y Detected 896 (40.3) 0.19 39.45 7.43 

9 07/09/2016 y Detected 509 16.7 7.92 33.21 316.85 

10 02/09/2016 y Detected 171 neg 0.20 37.71 7.85 

11 19/08/2016 y Detected 896 18.2 0.13 39.16 5.16 

12 19/08/2016 n Detected 62 neg 0.17 37.90 6.61 

13 26/08/2016 y Detected 1307595 neg 17.38 32.04 695.26 

14 28/10/2016 y Detected 3855 neg 0.32 37.41 12.98 

15 26/08/2016 y Detected 669177 neg 22.98 31.65 919.27 

16 28/10/2016 y Detected 3667 neg 0.35 36.44 14.04 

17 04/11/2016 y Detected 183 neg 

Not 

detected 

Not 

detected 

Not 

detected 

18 07/10/2016 n Detected 53 neg 0.22 37.55 8.84 

19 27/10/2016 y Detected 19507 neg 1.08 35.65 43.30 

20 18/11/2016 y Detected 431000 16.3 23.36 31.43 934.45 

21 28/08/2016 y Detected 59723 21.2 4.12 34.00 164.85 

22 19/08/2016 y Detected 1923 36 0.85 35.61 33.83 

23 18/11/2016 y Detected 191 neg Not Not Not 
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detected detected detected 

24 02/09/2016 n Detected 121 neg 0.28 37.04 11.13 

25 27/10/2016 y Detected 7449 10.2 0.98 36.05 39.21 

26 19/08/2016 y Detected 11661 38.5 2.85 34.75 113.97 

27 30/09/2016 n Not detected <50 neg 0.08 38.96 3.02 

28 18/11/2016 y Detected 567 neg 0.26 37.01 10.32 

29 06/06/2018 n 
  

neg 0.65 36.27 26.14 

30 06/06/2018 n 
  

neg 0.09 38.71 3.64 

31 28/10/2016 y Detected 499 neg 

Not 

detected 39.88 

Not 

detected 

32 26/08/2016 n Not detected <50 neg 

Not 

detected 

Not 

detected 

Not 

detected 

33 30/09/2016 n Not detected <50 neg 0.73 36.35 29.31 

34 30/09/2016 n Not detected <50 neg 0.38 36.46 15.24 

35 15/06/2018 n 
  

neg 

Not 

detected 

Not 

detected 

Not 

detected 

36 15/06/2018 n 
  

neg 4.98 33.64 199.29 

37 15/06/2018 n 
  

neg 0.11 38.41 4.40 

38 15/06/2018 n 
  

35 

Not 

detected 

Not 

detected 

Not 

detected 

39 28/10/2016 n Not detected ~ 30.3 0.26 37.39 10.20 

40 28/10/2016 n Not detected ~ 39.2 0.46 37.20 18.53 

41 28/10/2016 n Not detected ~ 30.2 0.09 38.81 3.71 

42 27/10/2016 
 

Not detected 
 

34.5 0.81 35.86 32.35 

43 28/10/2016 n Not detected 
 

36.7 0.26 37.06 10.43 

44 26/08/2016 n Detected 2527 38 
   

45 25/08/2016 n Not detected <100 neg 
   

46 16/08/2016 n Detected <50 24.3 
   

C1 
    

34.7 
   

C2 
    

neg 
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9.7. Discussion 

If assays like HIV RT_ LAMP with published TAT, which is even shorter (30 minutes) 

than XpertHIV (5 hrs), can be optimised, and are capable of the high accuracy 

required, then these LAMP POCTs may be better options for EID compared to qPCR 

which has longer TAT of 2-3 months. We aimed to establish and optimise an RT-LAMP 

assay.  In this study, we used both published primers, Hosaka 2009 and Ocweija 2015 

primers (106, 109). The pol-integrase areas of the HIV genome were targeted via 

multiple sequence alignments and subsequently selected for the construction of 

modified JRM primers. The failure to design more sensitive primers than Hosaka 2009 

et al., whose detection limit was 120 copies/ml (106), reflected design and time 

constraints. Similar problems have been reported in optimising and validating other 

LAMP assays for infectious diseases, e.g. genus-specific LAMP assay for Malaria 

(194). As with all primer-based methodologies, the design of effective LAMP primers 

is necessary (195). Considering the requirements for LAMP primer design, one could 

be severely constrained if only a limited genome region is available for subsequent 

primer design (195). This is the case for HIV, which evolves as fast and is diverse. 

To establish the HIV LAMP assay, various conditions were tested using different 

primers, RNA templates, master mixes, extraction kits and temperatures; however, 

the assay was not sensitive, and results were inconsistent. Compared to published 

HIV LAMP assays, regardless of primers, master mixes and extraction kit used, 

LAMP’s specificity was 100%, and sensitivity ranged from 95% to 100 % (100, 102, 

103, 106-109, 193). However, the detection limit varied from 120 copies/ml (106) to 

103 copies/ml (196).  

The low number of copies/ml in the clinical samples in this study also impacted the 

sensitivity of the LAMP assay. Similar findings were reported as challenges by other 

teams optimising LAMP assays for other infectious diseases, e.g. Malaria LAMP assay 

where very low parasitaemia was deemed a likely reason for the observed low 

sensitivity (194). 

Maximising the rapidity of time to detection and the sensitivity of candidate LAMP 

primer sets is important to meet the WHO ASSURED test criteria. The number of 

copies/ml in clinical specimens can vary significantly; hence the ideal HIV LAMP assay 
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should be sensitive with a limit of detection <500 copies/ml, which was not achieved 

in this study. Suppose we had managed to establish and optimise an HIV LAMP assay 

successfully. In that case, we could have considered a prior five-minute thermal 

denaturation of specimen template step followed by rapid cooling on ice to achieve 

optimal LAMP sensitivity and rapidity. The efficacy of this procedure was 

demonstrated in other LAMP assays (197).  

LAMP-positive reactions can be detected using gel electrophoresis, visual endpoint 

presence of turbidity or colour change and RT-LAMP. The use of gel electrophoresis 

to confirm LAMP positivity by the presence of characteristic ladder patterns has been 

used in various studies. Still, in some cases, it resulted in contamination (198) and 

hence was not used in this study. The utilisation of the visual presence of turbidity is 

regarded as the simplest and most cost-effective means to monitor LAMP reactions 

(98)  and has been used in TB (81) and Malaria (199). It can be difficult to appreciate 

the visual end-point (turbidity or colour change) of LAMP reactions using whole blood 

without an RNA extraction step hence in this study, and colourimetric HIV LAMP assay 

was not explored. However, an automated methodology is one solution to overcome 

operator subjectivity, and Real Time Turbidity instruments have been used. Examples 

include LA-500 (Eiken chemical company Ltd. Japan) (200) and Realoop-30 (Eiken 

chemical company Ltd. Japan)(201). Using these instruments may be a challenge in 

resource limited settings and add extra steps to tests intended to be POCTs. 

A number of the initial HIV LAMP assay publications were mostly from the Curtis group 

therefore, this could be associated with a potential source of methodological and 

publication bias.  

This study aimed to optimise and validate a rapid, sensitive, and specific RT- LAMP 

assay for HIV detection but was unsuccessful. We could not go forward with the 

second objective of validating the HIV LAMP in the field. Future work will include more 

optimisation and samples with higher VL.  

After the LAMP work at UCL was completed in Malawi, we later tested 15 anonymised 

samples with high VL using the real-time assay described above using Hosaka primers 

but were still unsuccessful. A year later, in Belfast, UK, we replaced Hosaka 2009 
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primers (106) with Curtis  2018 primers (103), but the rest of the assay remained the 

same. However, the LAMP optimisation assay was still unsuccessful.  

This thesis shows that XpertHIV is an alternative to POCT LAMP, and it meets most 

of WHO ASSURED criteria. 

  

9.8. Conclusion 

Whilst real-time LAMP assay for HIV detection demonstrated high diagnostic 

sensitivity and specificity in Hosaka's 2009 published paper, in this study, it was not 

possible to optimise an HIV LAMP assay that could undergo clinical validation because 

of its low sensitivity. 
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Chapter 10: Discussion         

This chapter synthesises the findings of the respective studies and discusses their 

significance in the context of existing research and its limitations. It concludes with an 

overall summary of the thesis's contribution, recommendations for future research, 

and potential implications of the work. 

10.1. Introduction  

At the start of this PhD, several challenges in EID in Malawi were identified. Briefly, in 

2018, ~40,000 HIV-exposed infants were born, of whom 44% received EID at six 

weeks of testing, of which ~4-5% were HIV positive, of whom 1.5-3% went on to initiate 

ART (67-70) (chapter 1).  The low uptake of EID and low retention in HIV care were 

partly due to the long lag due to infrastructural issues, including laboratory testing. For 

this purpose, one of the main aims of this PhD was to identify POCTS and biomarkers 

that can potentially improve the TAT of EID and screening for EID, respectively. In line 

with our focus on pragmatic testing in an LMIC setting, we used the WHO ASSURED 

criteria as a framework for the research. 

10.2. Sensitivity, specificity and performance of Xpert HIV  

Before assessing the performance (sensitivity and specificity) of the chosen POCTs, 

a systematic review and meta-analysis were conducted to assess the sensitivity and 

specificity of POCTs approved for EID (chapter 2). The sensitivity and specificity of 

WHO-approved POCTs XpertHIV and Alere q ½ HIV Detect were comparable to 

conventional PCR using Roche or Abbott machines (chapter 2). The next step was to 

confirm the performance of our candidate POCT Cepheid XpertHIV (Chapter 3) and 

assess the feasibility of XpertHIV using whole blood. This is presented in Chapter 4.  

XpertHIV is a qualitative assay providing total nucleic acid PCR-based RNA and 

proviral DNA testing. XpertHIV is one of the HIV testing platforms used successfully 

and is prequalified by the World Health Organization. We assessed feasibility – 

performance (Sensitivity, specificity) ASSURED Criteria 2 and compared the TAT to 

test results between the XpertHIV test using whole blood to the standard of care DNA 

PCR testing by Abbott using DBS (ASSURED Criteria 4). A key finding from this work 

was that the XpertHIV whole blood using the Cepheid GeneXpert platform was 98% 
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sensitive and specific when used to diagnose HIV in this population. Notably, the test 

results were available to the families on the same day (within 5 hours) (chapter 4)). If 

adopted throughout Malawi's health system, the platform will likely significantly reduce 

the loss to follow-up of infants undergoing EID.  Similar findings have been observed 

elsewhere. Twelve studies with 12,676 participants, based in resource-limited 

settings, showed a pooled sensitivity and specificity of these POCTs versus 

laboratory-based assays were 98% (95% Confidence Interval [CI] 95 - 100%; I2 

55.8%) and 100% (95% CI 100% – 100%, I2 93.5%) respectively (see Chapter 2, 

Figure 2.2). Since XpertHIV sensitivity is comparable to conventional PCR and 

Cepheid GeneXpert instruments are readily available in most health facilities in 

Malawi, this test could be implemented to improve EID TAT and same-day ART 

initiation in Malawi. 

10.3. Usability of XpertHIV by lab technicians 

Considering potential barriers and facilitators to implementing XpertHIV, this test could 

only be rolled out if laboratory technicians found XpertHIV user-friendly.  

Usability data collected from seven laboratory technicians were favourable. They 

showed XpertHIV as an appropriate technology for this context with faster results TAT 

than the existing EID testing approaches using Abbott qPCR. Users did not experience 

power supply problems during the study, and all equipment with reagents was readily 

available in Malawi (chapter 4). Considering the ease of use of XpertHIV, all laboratory 

technicians agreed that XpertHIV should be adopted and deployed in district hospitals 

across the country. They maintained that scaling up XpertHIV would not be very 

difficult for the government since GeneXpert instruments are already available in most 

laboratories of most district hospitals in Malawi.  It would also require speedy training 

for both new and existing health personnel on the usage and maintenance of this 

technology. The findings of ease of use of XpertHIV using whole blood on Cepheid 

GeneXpert instruments are similar to studies done in  Tanzania (118) and South  Africa 

(121) and other studies using XpertHIV DBS protocol in western Kenya (117) and 

Botswana (116). 

 



 

161 

10.4. Acceptability of XpertHIV by caregivers and health workers 

Before the POCT XpertHIV could be implemented, it had to be accepted by both 

mothers, caregivers, and health workers, as there are concerns when blood is drawn 

from infants and children. This work relates to ASSURED criteria 3 and 6.  HIV 

infection remains a stigma in many societies (202, 203). In Malawi, drawing blood has 

caused fear in communities as it has been associated with blood-sucking (vampirism) 

(204). Mothers, caregivers and guardians waiting for test results would easily be 

recognized if the community knew the processes involved in obtaining an HIV test 

result at the facility. The potential stigmatisation associated with this could be a barrier 

to testing. Considering these factors, we interviewed 60 caregivers who presented with 

children for HIV diagnosis. We also interviewed all five nurses in the outpatient 

department involved in the XpertHIV testing. The most important finding was that 

caregivers and health workers accepted XpertHIV using whole blood and had a 

positive experience with the XpertHIV testing. Both groups emphasized the need for 

early treatment of HIV in infants. Both groups also underlined the appeal of having test 

results available on the same day of testing. The need to return to the hospital to 

receive the test results on another day was one of the major reasons for the loss of 

follow-up (chapter 6). Transport costs to the hospital can be a big challenge for many 

families who live at a subsistence level. Similar findings have been observed in other 

studies. A study from Myanmar found high acceptability of the XpertHIV testing 

process among the caregiver participants when the result was received on the same 

day as the testing (175). So, now that we have identified that XpertHIV was acceptable 

to caregivers and health workers, it shows that it should be considered for 

implementation. To increase awareness, health workers and the ministry of health 

should partner with community caregivers to inform their peers why XpertHIV is 

acceptable to them and discuss its benefits in EID.   

10.5. Effect of XpertHIV on time to initiation of ART. 

Timely HIV diagnosis is critical to accessing HIV care and treatment and can affect 

survival.  At the time of this study, the turnaround time for HIV test results for infants 

and children exposed to HIV in Malawi would take 2-3 months and as long as six 

months in some cases (60-63). This led to high rates of follow-up loss and children's 

deaths as the mothers waited to receive the HIV test results. 
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We found that 85% of children-initiated ART after XpertHIV diagnosis at MDH 

(Chapter 5). This compares very favourably with the 44% of those infants and children 

whose caregivers received their results using standard methods, even accounting for 

the subsequent loss of follow-up among this group. Similar findings have been 

observed in other studies; assessing the impact of POCT testing showed a significant 

increase in ART initiation within 60 days of HIV diagnosis date, rising from 19% with 

conventional qPCR testing to 82–84% (205)  and 84.0-86.5%  in Southern Africa  

(206). The present study found that the whole blood XpertHIV can be successfully 

adapted for EID for HIV; this platform is already available in most district hospitals for 

TB diagnosis. TAT was significantly reduced compared to routine qPCR, allowing 

treatment initiation on the same day as diagnosis which may improve morbidity and 

mortality of HIV infected children. Therefore, implementation of the XpertHIV testing 

for EID in Malawi would bring the country closer to achieving the UNAIDS agreed 95-

95-95 target by 2030.  

10.6. Cost-effectiveness of XpertHIV in the diagnosis of HIV 

We addressed ASSURED Criteria 1 by studying whether a same-day testing platform 

for the diagnosis of HIV would be cost-effective for both the caregivers and the ministry 

of health.  Travel costs and loss of productivity associated with HIV testing are a huge 

burden for most Malawians, even more so when DBS is used as caregivers and 

patients must return to the hospital for test results. Health services also spend more 

time and money on making dried spots and arranging for follow-up visits for test 

results. Considering all these factors, we interviewed 200 caregivers who presented 

with children for HIV diagnosis. We also interviewed all five nurses and seven 

laboratory technicians in the outpatient department at MDH who were involved in the 

XpertHIV testing, the intervention and the costs of PCR by Abbott testing at QECH, 

which was the standard of care (Chapter 7).  The XpertHIV was cost-reducing 

compared to Abbot PCR for the same number of samples tested. From the 

health care provider’s perspective, XpertHIV had a total cost of $29,638.46 

compared to $46,658.91, and the cost per HIV-positive case diagnosed with 

XpertHIV was $42.34 per test compared to $66.66 for PCR by Abbott qPCR. 

Similar findings have been observed in other studies. A study modelling the cost-

effectiveness of point-of-care platforms for infant diagnosis of HIV in sub-Saharan 

African countries found that the total costs per infant evaluated for EID PoC testing 
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ranged from a median of $45.34-$72.05 (205), and sharing of capital costs with 

another testing including HIV viral load and tuberculosis testing greatly reduced the 

total costs of testing from the EID program perspective to a median of $36.09-$50.28 

(205). 

10.7. Exploring the role of IP-10 as a novel blood biomarker for 

the detection of HIV  

The fifth component of this research study assessed the utility of interferon-gamma 

inducible protein, IP-10, in the screening for HIV infection in infants exposed to HIV in 

Malawi and HIV treatment failure in older children. HIV-1 Tat is a potent inducer of IP-

10 expression in astrocytes (90, 91). We hypothesized, therefore, that infants infected 

with HIV who were not on treatment and older children experiencing virological failure 

on treatment would have higher IP-10 levels compared with children uninfected with 

HIV and children living with HIV. The latter was fully virally suppressed on antiretroviral 

treatment. If the hypothesis was true, IP-10 could be a screening tool for all HIV-

exposed infants. Those with high IP-10 levels could then be referred for DNA PCR 

confirmation testing.  All children below the age of 18 months with an IP-10 below a 

certain threshold would not require PCR testing.  

IP-10 expression has been associated with HIV infection in adults.  It has led to the 

accumulation of activated T cells in the cerebrospinal fluid compartment in HIV-1-

infected individuals.  Our study showed that IP-10 levels did not differ by HIV 

status in infants. The median IP-10 levels among unexposed children living with HIV 

and HIV were 330 pg/ml (IQR 232-713) and 310 pg/ml (IQR 166-687); respectively 

difference was not statistically significant. Furthermore, we found that irrespective of 

HIV status, infants and younger children have higher IP-10 levels than older 

children (spearman correlation coefficient -0.28 and was significant (P value 

0.04; Chapter 8). There may be several reasons for the failure of IP-10 to discriminate 

between HIV-infected and non-infected children. In Malawi, childhood infections from 

multiple pathogens, including respiratory viruses and Malaria, are very common. Even 

in developed countries, viral upper respiratory tract infections are very common in 

healthy children; preschool children get at least six colds per year (207). These 

subclinical infections may have impacted the utility of this test in Malawian children. 
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Younger children with less developed immunity to multiple pathogens had higher IP-

10 levels compared to older children may support these findings. 

10.8. Optimisation of HIV LAMP Assay  

The potential benefit of the LAMP assay would be its faster TAT of 30 minutes, 

improving waiting time for patients and TAT initiation of ART. It is cheaper than 

XpertHIV and conventional PCR. Our study was the first to attempt to optimise an RT-

LAMP assay for HIV at UCL. Many conditions were tested, and results are 

summarized in chapter 9 in Table 9. 7. Despite progress, technical challenges and low 

copy numbers (< 1000 copies/ ml) were a real stumbling block, so the RT-LAMP 

optimization could not be completed within the time frame of the PhD (chapter 9). 

Colourimetric LAMP with greater optimization could be a real asset as it is relatively 

cheap but does carry the risk of subjectiveness to colour interpretation. Following this 

study, in 2020, during the Covid-19 pandemic, we used the knowledge to optimise and 

validate a fast extraction-free isothermal colourimetric LAMP assay for detecting 

SARS-CoV-2 with potential use in resource-limited settings (208). With the College of 

Medicine, Belfast, and Glasgow teams, we worked on RT-LAMP on SARS-CoV-2, 

whose findings on archived samples were similar to the colourimetric LAMP above 

(results not published). Since LAMP has successfully been deployed for diagnosing 

both bacterial (75, 190, 209-211) and viral pathogens (212-214),  further research for 

its potential use for HIV diagnosis is warranted. 

10.9. Strengths and Limitations  

This research has several strengths and limitations.  The research is strengthened by 

the fact that I conducted a systematic review of POCTs used in EID before undertaking 

the studies, which confirmed that not only was XpertHIV a good place to start, but it 

was also pragmatic in terms of the infrastructure of the health system and availability 

of Cepheid GeneXpert instruments in Malawi.  The focus on XpertHIV as a POCT for 

EID increased the chance of relevant and feasible findings in my working context. The 

study used mixed methods to collect data. The use of mixed methods is another 

strength of this research. Comparing and contrasting the quantitative and qualitative 

results allows for a fuller picture of caregivers' and health workers' perceptions and 

experiences towards EID and XpertHIV testing and can explain a more nuanced view 
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than either dataset alone. Complementarity was seen around XpertHIV’s benefits of 

quick turn-around time expressed by caregivers and health workers in the qualitative 

study, also demonstrated in the feasibility and performance study. The ASSURED 

criteria also provided a practical framework underpinned by WHO recommendations.    

However, the study also had several limitations. Firstly, the sample size of n=795 was 

small, with an even smaller sub-group of infants and children aged ≤2 years which 

could potentially result in a type II error in the statistical analysis therefore, we 

recommend that a larger study should be undertaken. Secondly, although EID focuses 

on infants and children aged ≤2, this study included older children to achieve a study 

powered enough to interpret sensitivity and specificity.  

 Secondly, because I am a Malawian born and raised in the Malawian system, there 

are possibilities that I could lack total outsider objectivity. I tried to address this through 

reflection on my positionality (Chapter 3); however, during the study, some people 

might have been obedient or changed their behaviour due to my seniority as a doctor 

and consultant paediatrician. I tried to minimise this by working with the Malawian 

teams and my supervisors at UCL to design the study and data collection tools and 

build rapport with the staff at the study sites. Having previously worked as a 

paediatrician at QECH and mentor for ETAT at MDH, I worked closely with the staff 

and tried my best to make the teams feel I was one of them. I also showed humility 

and used culturally appropriate language and expressions to caregivers and health 

workers. Also, my familiarity with the context may have been an advantage.  

Lastly, we faced several challenges with HIV LAMP optimisation and testing. We 

contacted other scientists and experts in LAMP at Imperial College, London and 

Belfast Health and Social Care Trust, Northern Ireland, who provided additional 

supervision on LAMP work. We could not reproduce the results and parameters 

created by other researchers who have used and published HIV LAMP assays, such 

as Ocwieja 2015 et al. Despite multiple attempts to contact them, we received no 

response to their requests for clarification. Whilst the LAMP assay could not be 

optimised, perhaps with more time, funds, and expertise in primer design, possibly 

optimisation would have been achieved. 
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10.10. Conclusion 

Although the Malawian government offers free life-long ART to every HIV-infected 

child, timely diagnosis remains an important obstacle to reaching the UNAIDS agreed 

95-95-95 target. Herein, we showed that the standard of care PCR testing of HIV-

exposed infants using DNA by Abbott had a long TAT. In this thesis, we demonstrated 

that the XpertHIV using whole blood is as sensitive and specific as the gold standard 

Abbott PCR and could be successfully and rapidly adapted for the EID of HIV, reducing 

the need for additional infrastructural investment. TAT of XpertHIV was significantly 

reduced to 5 hours, significantly lower than routine, conventional PCR testing. This 

allowed for treatment initiation on the same day as a diagnosis in 85% of those newly 

diagnosed with HIV.  XpertHIV was acceptable to caregivers and health workers; it is 

cost-effective, easy to use and well-perceived by lab technicians in hospitals which 

already have access to and routinely use this platform. The XpertHIV test, therefore, 

meets all the WHO ASSURED criteria except “Equipment free”. However, the 

relatively widespread availability of the GeneXpert System significantly reduces 

equipment costs of using Xpert HIV. Further, in addition to diagnosis, this system could 

potentially be employed to monitor viral load in children on ART to assess viral 

suppression. Therefore, implementing the XpertHIV in Malawi would help bring the 

country closer to achieving the UNAIDS agreed 95-95-95 target by 2030.  

By contrast, we could not demonstrate that the LAMP test met the sensitivity criteria 

to promote its use. There are technical issues with the sensitivity of the HIV LAMP 

assay and uncertainty between the correlation of IP-10 levels and HIV infection in 

infants and children, so that future studies may yield more information. 

10.11. Recommandations for research, policy and practice 

The various findings from this study can be used to inform governments, policymakers, 

and Programme planners. First, our evidence suggests that XpertHIV is a sensitive, 

specific, feasible, acceptable, and cost-effective alternative to PCR. A larger scale 

evaluation of its use in EID is warranted to inform larger scale-up. The quantitative 

Cepheid Xpert HIV-1 assay, which also uses the GeneXpert system, could be 

employed to monitor viral load in children on ART.  Further research should examine 

how HIV diagnosis and viral load monitoring can be interlinked as a shared resource 

using the common testing platform with the TB departments.  
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Implementation studies should also further assess the impact of the transition to POCT 

and continue to monitor the impact on ART uptake, survival, and broader outcomes 

such as quality of life and DALYs, which will, in turn, inform future cost-effectiveness 

models. 

There are technical issues with the optimisation of the HIV LAMP assay. Future work 

could focus on improving primers and unpicking why published HIV LAMP assays do 

not work well outside research settings. The uncertainty between the correlation 

between IP-10 levels and HIV infection in infants and children requires more research 

and the recruitment of more infants for future studies to yield more information
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Chapter 11. Annexes 

GANTT chart of the proposed PhD outline  
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Chapter12: Appendices 

Appendix 1: Assent (brief Version): Chichewa 
Evaluation of HIV detection techniques in children in resource-limited settings (DETECT) 

Chikalata cha chilolezo     Study number: 17IR27 

Kafukufuku wa zipangizo zamakono zoyezera ka chilombo ka HIV koyambitsa matenda an 

AIDS mwa ana omwe ali mu mayiko omwe ali ndi zipatala zokhala ndi zipangizo 

zopelewera. 

Mutu wa kafukufuku: 

Olumikizana ndi odwala mu kafukufuku: 

Mwana (ngati sangathe, makolo m’malo mwa mwana) atha kuyankha pozunguliza 

mayankho amene akugwirizana nawo  

Kodi mwafotokozeredwa za kafukufuku ameneyu?   Eya / Ayi 

Kodi mukudziwa kuti kafukufuku ameneyu ndi okhuza chani?  Eya / Ayi 

Kodi mwafunsa mafunso onse amene munali nawo?   Eya / Ayi 

Kodi mwayankhidwa mafunso onse mmene mumafunira kuti mumvetsetse? Eya / Ayi 

Kodi mukudziwa kuti ndizovomelezeka kusiya kutenga nawo mbali  

pa kafukufuku amene nthawi iliyonse imene mungafune?   Eya / Ayi 

Ndinu osangalatsidwa kutenga nawo mbali pa kafukufuku ameneyu?  Eya / Ayi 

Ngati yankho lanu lili “ayi” simukufuna kutenga nawo mbali pakafukufuku ameneyu 

simuyenera kulemba dzina lanu munsimu. 

Ngati yankho lanu lili “eya” mukufuna kutenga nawo mbali pa kafukufuku ameneyu mutha 

kulemba dzina lanu munsimu. 

Dzina Lanu: ____________________________________________   

Tsiku:  ____________________________________________   

 

Mutha kudinda chala chanu ngati simungathe kulemba.  

Amene amakufunsani mafunso ogwira ntchito mukafukufuku ameneyu ayenera 

kusainilanso dzina lake munsimu. 

Lembani Dzina lanu : ____________________________________________  

Saini :  ____________________________________________   

Tsiku :  ____________________________________________ 
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Tathokoza kwambiri chifukwa chovomelera kutithandiza pa kafukufuku ameneyu 

Mukamaliza : chikalata chimodzi cha olowa nawo mukafukufuku, chikalata china chikhala 

ndi opangitsa kafukufuku cha mu failo, Chikalata china chisungidwe mu kabuku 

kakuchipatala. 
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Appendix 2: Assent Chichewa version  
Evaluation of HIV detection techniques in children in resource-limited settings (DETECT) 

Chikalata cha chilolezo  Study number: 17IR27 

Mutu wa kafukufuku: Kafukufuku wa zipangizo zamakono zoyezera ka chilombo ka HIV 

komwe kamayambitsa matenda an AIDS mu ana omwe amapezeka mumayiko omwe ali 

ndi zipatala zokhala ndi zipangizo zopelewera. 

Chilorezo cha makolo a ana otenga mbali mukafukufuku 

Principal Investigator: Dr Maggie Nyirenda.  Contact number:  +447724144797 

Zomwe muyenera kudziwa za kafukufukuyi: 

• Tikupatsani pepalali kuti muwerenge za cholinga, ubwino ndi kuyipa kwa 

kafukufukuyi. 

• Chithandizo cha kuchipatala ndi chabwino, ndipo chitha kukhala kuyeza magazi 

kapena kupereka mankhwala ndipo chithandizochi chimaperekedwa ndi cholinga choti 

odwala athandizidwe. Cholinga cha kafukufuku ndi kupeza nzeru zina monga 

zokukhudzana ndi zipangizo zoyezera magazi kapena mankhwala oti adzathandize 

wodwala mutsogolo muno. 

• Sitingakulonjezeni kuti kafukufukuyi akupindulirani inu. Monga chithandizo cha 

masiku onse cha kuchipatala, kafukufukunso amakhala ndi kuipira kwake komwe kungathe 

kukhala kwapang’ono kapena kwambiri. 

• Inu muli ndi ufulu okana kutenga nawo mbali kapena kubvomera panopa komanso, 

kudzasintha maganizo mutsogolo muno. 

• Chisankho chimene mupange, sichipangitsa kuti chithandizo chomwe inu 

mumayenera kulandira kuchipatala kuno chisinthe. 

• Chonde mumvetsetse bwinobwino zomwe zalembedwazi. Mukhoza kufunsa 

mafunso musanapange chisankho. 

• Zili kwa inu wanu kutenga nawo mbali mukafukufukuyi. 

• Ngati muli ndi mafunso okhudzana ndi kafukufukuyi, funsani a dotolo kapena a 

Namwino a kafukufukuyi. 

 

Tikukufunsani ngati muli okondweretsedwa kuti mutenge nawo mbali mu kafukufuku 

wofufuza zipangizo zamakono zoyezera matenda a HIV mu ana ongobadwa kumene 

kulekeza ana mphambu zisanu ndi zinayi. 
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Kafukukuku amathandawuza chiyani? Kafukuku ameneyu akuchitika chifukwa ninji? 

Kafukuku amachitika kuti tipeze mayankho a mafunso amene tili nawo. Ife tili ndi chidwi 

kufufuza kuti kodi kachipangizo kamakano koyezera matenda a HIV kotchedwa Cepheid 

kangagwire ntchito chimodzimodzi kapena kangapose zipangizo zomwe tikugwiritsa nchito 

pakadali pano kuyeza magazi kuyang’ana matenda a HIV mu ana. 

Ndi chifukwa ninji ine kapena ndikufunsidwa kutenga nawo mbali mu kafukufukuyu?  

Ife tikufunsa ana onse amene sanayezedwe chaposachedwa kuti awone ngati ali ndi 

kachilombo ka HIV kuti alowe nawo mu kafukufuku ameneyu. Unduna wa boma wa 

zaumoyo umalimbikitsa a Malawi tonse kuti tidziyezetsa magazi kuti tizidziwa ngati tili ndi 

kachilombo ka HIV. Ife tikutsatira uthenga ndi uphungu umenewu kufunsa makolo onse ndi 

ena amene akulera ana kuti angafune alowe nawo mukafukufuku ameneyu. Inu kapena 

anawo adzatenga nawo mbali mu kafukufuku ameneyu tsiku limodzi koma pakadzala 

kusagwirizana kwa zotsatira za HIV, magazi adzakayezedwa ku laboretare yak u College 

of Medicine ndiye zotsatira za HIV zitha kutenga masiku atatu. 

Kodi ine ayenera kutenga nawo mbali mukafukufuku ameneyu? 

Kafukufuku ameneyu siwokakamiza, muli ndi ufulu kukana kuti musalowe nawo mu 

kafukufukuyu. Nthawi iliyonse yomwe inu mungaganize kuti simukufunanso kuti mutenge 

nawo mbali mukafukufuku mutha kutuluka mu kafukukufukuyi. 

Tikukutsimikizirani kuti kukana kutenga nawo mbali mu kafukufukuyu sikudzapangitsa kuti 

musalandile chithandizo chomwe mumayenera kulandira. 

Chitachitike ndi chiyani ine ndikakatenga nawo mbali mu kafukufukuyu? 

Anamwino kapena alangizi a zaumoyo adzatenga magazi ochepa kuchoka kwa inu kuti 

akayeze ngati muli ndi kachilombo ka HIV. Adzagwiritsa ntchito zipangizo zomwe 

timagwilitsa masiku onse komanso adzagwiritsa zipangizo zina ziwiri zamakono zomwe 

zimatulutsa zotsatira mwachangu zotchedwa Cepheid HIV 1 Qual.  

Kafukufuku ameneyu athandiza bwanji ine? 

Ndi chinthu chofunika kwambiri kudziwa ngati munthu uli ndi kachilombo ka HIV kapena 

ayi. Inu mukayezedwa magazi ndikupezeka kuti mulibe kachilombo ka HIV mutha kuona 

ngati kuti phindu lenileni loyedzetsera magazi palibe. Ife sitingalonjeze kuti inu mutolapo 

phindu koma zotsatira zakafukufuku ameneyu zidzathandiza ana ena mtsogolomo muno 

omwe adzayezedwe ndi tizipangizo tamakonoti. 

Inu mukayezedwa magazi ndikupezeka kuti muli ndi kachilombo ka HIV, mudzayamba 

kulandira mankhwala okhwimitsa chitetezo kuti mphavu zomenyana ndimatenda a HIV 
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m’thupi kuti chitetezo chipitilile kukhala chochuluka ndipo kachilombo ka HIV 

kasachulukane. 

Kodi anthu ena adziwa kuti ine walowa mukafukufukuyu? 

Zonse zokhudzana ndi inu kulowa mukafukufukuyu ndi zachinsisi. Anthu a chipatala 

ochepa ndi ife amene tikupanga kafukufuku ndi amene tidziwe kuti inu mwalowa 

mukafukufuku. 

Kodi anthu ena analinga kafukufuku ameneyu kuti adziwe ngati ali ololedwa? 

Tisanayambe kafukufuku, bungwe lomwe limalinga ndikuvomereza kafukufuku ngati ali 

wololedwa la COMREC linamuyeza ndikutsata ndondomeko zonse zoyenerera. Bungweli 

linavomereza kuti kafukufuku ndiwololedwa. 

Chidzachitike ndi chani kwa zotsatira wa kafukufuku ameneyi? 

Kafukufuku ameneyu akadzatha, zotsatira zidzalembedwa mu ma papepala a sayansi 

ndipo ngali kuli kotheka zidzalengezedwa mu misonkhano ya sayansi ndi zaumoyo. 

Mwana (ngati sangathe, makolo m’malo mwa mwana) atha kuyankha pozunguliza 

mayankho amene akugwirizana nawo  

Kodi mwafotokozeredwa za kafukufuku ameneyu?   Eya / Ayi 

Kodi mukudziwa kuti kafukufuku ameneyu ndi okhuza chani?  Eya / Ayi 

Kodi mwafunsa mafunso onse amene munali nawo?   Eya / Ayi 

Kodi mwayankhidwa mafunso onse mmene mumafunira kuti mumvetsetse? Eya / Ayi 

Kodi mukudziwa kuti ndizovomelezeka kusiya kutenga nawo mbali  

pa kafukufuku amene nthawi iliyonse imene mungafune?   Eya / Ayi 

Ndinu osangalatsidwa kutenga nawo mbali pa kafukufuku ameneyu?  Eya / Ayi 

Ngati yankho lanu lili “ayi” simukufuna kutenga nawo mbali pakafukufuku ameneyu 

simuyenera kulemba dzina lanu munsimu. 

Ngati yankho lanu lili “eya” mukufuna kutenga nawo mbali pa kafukufuku ameneyu mutha 

kulemba dzina lanu munsimu. 

Dzina Lanu: ____________________________________________   

Tsiku:  ____________________________________________   

 

 

Mutha kudinda chala chanu ngati simungathe kulemba.  
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Appendix 3 : Informed Consent : Chichewa version 
Evaluation of HIV detection techniques in children in resource limited settings (DETECT) 

Kafukufuku wa zipangizo zamakono zoyezera ka chilombo ka HIV koyambitsa matenda an AIDS mwa ana 

omwe ali mu mayiko omwe ali ndi zipatala zokhala ndi zipangizo zopelewera. 

Chilorezo cha otenga mbali mukafukufuku 

Principal Investigator: Dr Maggie Nyirenda.  Contact number:  +447724144797 

Zomwe muyenera kudziwa za kafukufukuyi: 

• Tikupatsani pepalali kuti muwerenge za cholinga, ubwino ndi kuyipa kwa 

kafukufukuyi. 

• Chithandizo cha kuchipatala ndi chabwino, ndipo chitha kukhala kuyeza magazi 

kapena kupereka mankhwala ndipo chithandizochi chimaperekedwa ndi cholinga choti 

odwala athandizidwe. Cholinga cha kafukufuku ndi kupeza nzeru zina monga 

zokukhudzana ndi zipangizo zoyezera magazi kapena mankhwala oti adzathandize 

wodwala mutsogolo muno. 

• Sitingakulonjezeni kuti kafukufukuyi akupindulirani inu kapena mwana wanu. Monga 

chithandizo cha masiku onse cha kuchipatala, kafukufukunso amakhala ndi kuipira kwake 

komwe kungathe kukhala kwapang’ono kapena kwambiri. 

• Inu kapena mwana wanu muli ndi ufulu okana kutenga nawo mbali kapena 

kubvomera panopa komanso, kudzasintha maganizo mutsogolo muno. 

• Chisankho chimene mupange, sichipangitsa kuti chithandizo chomwe inu kapena 

mwana wanu amayenera kulandira kuchipatala kuno chisinthe. 

• Chonde mumvetsetse bwinobwino zomwe zalembedwazi. Mukhoza kufunsa 

mafunso musanapange chisankho. 

• Zili kwa inu kapena mwana wanu kutenga nawo mbali mukafukufukuyi. 

• Ngati muli ndi mafunso okhudzana ndi kafukufukuyi, funsani a dotolo kapena a 

Namwino a kafukufukuyi. 

 

Tikukufunsani ngati muli okondweretsedwa kutenga nawo mbali mu kafukufuku wofufuza 

zipangizo zamakono zoyezera matenda a HIV mu ana ongobadwa kumene kulekeza ana 

mphambu zisanu ndi zinayi. 

Kafukukuku amathandawuza chiyani? Kafukuku ameneyu akuchitika chifukwa ninji? 
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Kafukuku amachitika kuti tipeze mayankho a mafunso amene tili nawo. Ife tili ndi chidwi 

kufufuza kuti kodi kachipangizo kamakano koyezera matenda a HIV kotchedwa LAMP 

kangagwire ntchito chimodzimodzi kapena kangapose zipangizo zomwe tikugwiritsa nchito 

pakadali pano kuyeza magazi kuyang’ana matenda a HIV mu ana. 

Ndi chifukwa ninji ine kapena mwana wanga akufunsidwa kutenga nawo mbali mu 

kafukufukuyu?  

Ife tikufunsa ana onse amene sanayezedwe chaposachedwa kuti awone ngati ali ndi 

kachilombo ka HIV kuti alowe nawo mu kafukufuku ameneyu. Unduna wa boma wa 

zaumoyo umalimbikitsa a Malawi tonse kuti tidziyezetsa magazi kuti tizidziwa ngati tili ndi 

kachilombo ka HIV. Ife tikutsatira uthenga ndi uphungu umenewu kufunsa makolo onse ndi 

ena amene akulera ana kuti angafune alowe nawo mukafukufuku ameneyu. Inu kapena 

anawo adzatenga nawo mbali mu kafukufuku ameneyu tsiku limodzi koma pakadzala 

kusagwirizana kwa zotsatira za HIV, magazi adzakayezedwa ku laboretare yaku College 

of Medicine ndiye zotsatira za HIV zitha kutenga masiku atatu. 

Kodi ine kapena mwana wanga ayenera kutenga nawo mbali mukafukufuku ameneyu? 

Kafukufuku ameneyu siwokakamiza, muli ndi ufulu kukana kuti mwana wanu asalowe 

nawo mu kafukufukuyu. Kwa makolo omwe atalole kuti ana awo alowe nawo 

mukafukufukuyu, nthawi iliyonse yomwe iwo angaganize kuti sakufunanso kuti mwana wao 

atenge nawo mbali mukafukufuku atha kutuluka mu kafukukufukuyi. 

Tikutsimikizira makolo onse kuti kukana kutenga nawo mbali mu kafukufukuyu 

sikudzapangitsa kuti mwana wawoyo asalandile chithandizo chomwe amayenera 

kulandira. 

Chitachitike ndi chiyani ine kapena mwana wanga akatenga nawo mbali mu kafukufukuyu? 

Anamwino kapena alangizi a zaumoyo adzatenga magazi ochepa kuchoka kwa anawo kuti 

akayeze ngati anawo ali ndi kachilombo ka HIV. Adzagwiritsa ntchito zipangizo zomwe 

timagwilitsa masiku onse komanso adzagwiritsa zipangizo zina ziwiri zamakono zomwe 

zimatulutsa zotsatira mwachangu zotchedwa LAMP ndi Cepheid HIV 1 Qual.  

Kafukufuku ameneyu athandiza bwanji mwana wanga? 

Ndi chinthu chofunika kwambiri kudziwa ngati munthu uli ndi kachilombo ka HIV kapena 

ayi. Mwana wanu akayezedwa magazi ndikupezeka kuti alibe kachilombo ka HIV mutha 

kuona ngati kuti phindu lenileni loyedzetsera magazi palibe. Ife sitingalonjeze kuti mwana 

atolapo phindu koma zotsatira zakafukufuku ameneyu zidzathandiza ana ena mtsogolomo 

muno omwe adzayezedwe ndi kachipangizo kamakonoka. 
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Mwana wanu akayezedwa magazi ndikupezeka kuti ali ndi kachilombo ka HIV, adzayamba 

kulandira mankhwala okhwimitsa chitetezo kuti mphavu zomenyana ndimatenda a HIV 

m’thupi kuti chitetezo chipitilile kukhala chochuluka ndipo kachilombo ka HIV 

kasachulukane. 

Kodi anthu ena adziwa kuti ine kapena mwana wanga walowa mukafukufukuyu? 

Zonse zokhudzana ndi ana amene alowa mukafukufukuyu ndi zachinsisi. Anthu a chipatala 

ochepa ndi ife amene tikupanga kafukufuku ndi amene tidziwe kuti mwana wanu walowa 

mukafukufuku. 

Kodi anthu ena analinga kafukufuku ameneyu kuti adziwe ngati ali ololedwa? 

Tisanayambe kafukufuku, bungwe lomwe limalinga ndikuvomereza kafukufuku ngati ali 

wololedwa la CoMREC linamuyeza ndikutsata ndondomeko zonse zoyenerera. Bungweli 

linavomereza kuti kafukufuku ndiwololedwa. 

Chidzachitike ndi chani kwa zotsatira wa kafukufuku ameneyi? 

Kafukufuku ameneyu akadzatha, zotsatira zidzalembedwa mu ma papepala a sayansi 

ndipo ngali kuli kotheka zidzalengezedwa mu misonkhano ya sayansi ndi zaumoyo. 

Zikomo kwambiri. Mwina mungafune kutilembera kuti mufunse za kafukufukuyu, ma adilesi 

an imelo kapena manambala a telefoni nawa. 

Dr Maggie Nyirenda Nyang’wa (PHD student) ; email :  maggie. nyang’wa@ucl.ac.uk 

Dr Chisomo Msefula; email:    cmsefula@medol.mw 

Dr Dagmar Alber; email:   d.alber @ucl.ac.uk 

Prof Nigel Klein; email:  n.klein @ucl.ac.uk 

Dr Y B Mlombe , COMREC chairperson , 08971911 or 01874107 

 

Musananasaine fomuyi, chonde funsani ngati simukumvetsa za kafukufukuyi. Mukhoza 

kutenga nthawi kuti muganizire bwino 

Chongani mukabokosi ngati mukugwirazana ndi zomwe zalembedwazo 

Ndawerenga zoyenera kudziwa kapena ndamvetsetsa 

atandifotokozera za kafukufukuyi ndipo ndamvetsetsa zimene 

ndiyenera kuchita  kapena mwana wanga ayenera kuchita ndi 

zomwe zidzachitike kwa ine kapena mwana wanga ndikatenga 

kapena mwana wanga akatenga mbali mukafukufukuyi.  

 

mailto:cmsefula@medol.mw
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Ndikugwirizana nazo zoti zotsatira za kafukufuku, komanso ngati 

padzakhale magazi otsala akhoza kuwasunga kudzagwiritsa ntchito 

kufufuza za HIV ndi mapapo. Ndamvetsesa kuti zotsatirazi  

sizidzidzakhala ndi dzina langa kapena  la mwana wanga. 

 

Mafunso omwe ndinali nawo okhuza kafukufuku ayankhidwa ndi anthu 

opanga kafukufuku. 

 

Ndukumvetsetsa kuti nthawi iliyonse ndikhoza kusiya kapena mwana 

wanga atha kusiya kutenga mbali mu kafukufuku osapereka chifukwa 

koma izi sizidzakhuza chithandizo chomwe ndimalandira kapena 

mwana wanga amalandira kuchipatala. 

 

 

 

Zoyenera kudziwa za kafukufuku andiwerengera, ndamvetsetsa zimene ndiyenera kuchita 

ngati mwana wanga/mwana amene ndikukhala naye ngati atenge mbali mukafukufuku. 

Ndikubvomereza kuti atenge mbali mukafukufukuyi 

Dzina la Kholo/wokhala 

naye__________________________________________________ 

Saini _____________________________                Tsiku: |__|__|/|__|__|/|__|__|    

 

Chidindo:  _________________________________               Tsiku: 

|__|__|/|__|__|/|__|__|    

 

Ubale ndi mwanayi: ____________________________ 

Saini ya akafukufuku:  ______________________________ 
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Appendix 4: Informed Consent : English version 
Understanding the determinants of outcomes of HIV Infected children in resource limited settings. 

(DETECT)  

Principal Investigator: Dr Maggie Nyirenda.  Contact number:  +447724144797 

What you should know about this research study: 

• We give you this information sheet so that you may read about the purpose, risks, 

and benefits of this research study. 

• Routine care is based upon the best-known treatment and is provided with the main 

goal of helping the individual patient.  The main goal of research studies is to gain 

knowledge that may help future patients. 

• We cannot promise that this research will benefit you or your child.  Just like regular 

care, research can have side effects that can be serious or minor. 

• You or your child have the right to refuse to take part or agree for your child to take 

part now and change your mind later. 

• Whatever you or your child decide, it will not affect your regular care. 

• Please review this consent form carefully.  Ask any questions before you or your 

child make a decision. 

• The choice for you or your child to participate is voluntary. 

 

 

• If you have any questions concerning this study, you or your child can ask the doctor 

or nurse.   

 

 

We are asking if you or your child would like to take part to join a research project to find 

out more about diagnosing HIV in children. 

What is research? And why is this project being done? 

Research is way we try to find out answers to questions. In this case we want to assess 

whether using a new HIV test will be better for diagnosing HIV. 

Why am I or is my child asked to take part? 

We are asking all children who are aged 0 to 16 years   who have not had an HIV test 

recently to get an HIV. This study follows health services provider-initiated services which 

encourages everyone to get an HIV test. We will follow this approach. It is expected that 
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the duration of participation in this study will usually be one day, however if we need to do 

more tests, results can take up to 3 days. 

Do I or does my child have to take part? 

No, we will ask for permission from caregivers of every child who will decide whether their 

child can take part in our study. If they agree that their child or ward can take part, at any 

time they no longer want to do the research anymore, they can leave the study. Refusal to 

participate in this research involves no penalty nor change in the management plan to 

which the child is otherwise entitled. 

What will happen to me or my child if I or they take part? 

A nurse or health surveillance assistant will collect some blood to be tested for HIV which 

will go through routine testing and a point of care test that has recently been developed 

called Cepheid HIV 1 Qual which is not currently used in Malawi but the instruments for 

this test are readily available in Malawi. There will be some discomfort from the prick from 

the needle as we get some blood. The blood will then be processed by a nurse or health 

surveillance assistant and results will be given out on the same day but where results are 

equivocal, we will do more tests whose confirmatory results may take up to 3 days. 

How will the study help me or my child? 

There is power in knowing one’s HIV status. If you or your child is found to be HIV negative, 

we cannot promise that the study will help them individually but the information we get will 

help us to improve this test which will help other children in future who will require HIV 

diagnosis. 

If you or your child is found to be HIV positive, we will link them to HIV care services so 

that they can start antiretroviral therapy and will be followed up in clinic. 

Will anyone else know I am, or my child is doing this?   

Your details will be kept private and only a few people in the hospital and the people doing 

the research will know that you or your child are taking part. 

Did anyone else check the study is ethical to be done? 

Before we start a study, it has to be checked by a group of people called a Research Ethics 

Committee. They make sure the research is fair. This project has been checked and 

approved by CoMREC. 

What will happen to the results of the research study? 

Once the study is completed, we will publish the results in a scientific journal and may 

present the results in a conference. You will not be identified in any report or publication. 

Thank you for reading this. Please ask us questions if you have any. 
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If you would like to speak to one of the researchers involved in the study, feel free to contact 

us: 

Dr Maggie Nyirenda Nyang’wa (PHD student) ; email :  maggie. nyang’wa@ucl.ac.uk 

Dr Chisomo Msefula; email:    cmsefula@medol.mw 

Dr Dagmar Alber; email:   d.alber @ucl.ac.uk 

Dr Nigel Klein; email:  n.klein @ucl.ac.uk 

 

  

mailto:cmsefula@medol.mw
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Appendix 5: Participant Study Consent Form 
Before you sign this form, please ask any questions on any aspect of this study that is 

unclear to you.  You may take as much time as necessary to think it over. 

Mark or tick the box if you agree 

I have read the information sheet concerning this study [or have 

understood the verbal explanation] and I understand what will be 

required of me or my child and what will happen to me or my child 

if I take part in it 

 

I agree that the results of these tests, and any blood left over from 

them, may be kept by the study team for further studies on HIV. 

I understand that these results will not be identified by my name.   

 

My questions concerning this study have been answered by the 

study team.  

“I voluntary agree” for my child to take part in this study. 

 

I understand that at any time I may withdraw from this study 

without giving a reason and without affecting my normal care and 

management. 

 

 

 

Name of Participant (please print):  

________________________________________________________________ 

Signature of Participant:  ____________________________    

 Date|__|__|/|__|__|/|__|__|  
The information sheet about this study has been read to me, and I understand what will be 

required of my child/ward if he/she participates in the study.  I agree to him/her taking part 

in this study 

Name of Parent /Guardian (please print):  

___________________________________________________________ 

Signature of Parent/Guardian:  __________________________    Date 

|__|__|/|__|__|/|__|__|    

 

If unable to write, please put thumbprint here 



 

182 

 

Relationship to the Participant: ____________________________ 

 

Signature of Research Staff:  ______________________________  
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Appendix 6:  Information Sheet for Parent/Guardian (English) 
Study number: 17IR27 

Study title: Understanding the determinants of outcomes of HIV infected children in limited 

resource settings 

What you should know about this research study: 

• We give you this information sheet so that you may read about the purpose, risks, 

and benefits of this research study. 

• Routine care is based upon the best-known treatment and is provided with the main 

goal of helping the individual patient.  The main goal of research studies is to gain 

knowledge that may help future patients. 

• We cannot promise that this research will benefit you or your child.  Just like regular 

care, research can have side effects that can be serious or minor. 

• You or your child have the right to refuse to take part or agree for your child to take 

part now and change your mind later. 

• Whatever you or your child decide, it will not affect your regular care. 

• Please review this consent form carefully.  Ask any questions before you or your 

child make a decision. 

• The choice for you or your child to participate is voluntary. 

• If you have any questions concerning this study, you or your child can ask the doctor 

or nurse.   

We are asking if you or your child would like to take part to join a research project to find 

out more about diagnosing HIV in children. 

What is research? And why is this project being done? 

Research is way we try to find out answers to questions. In this case we want to assess 

whether using a new HIV test will be better for diagnosing HIV. 

Why am I or is my child asked to take part? 

We are asking all children who are aged 0 to 16 years   who have not had an HIV test 

recently to get an HIV. This study follows health services provider-initiated services which 

encourages everyone to get an HIV test. We will follow this approach. It is expected that 

the duration of participation in this study will usually be one day, however if we need to do 

more tests, results can take up to 3 days. 

Do I or does my child have to take part? 
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No, we will ask for permission from caregivers of every child who will decide whether their 

child can take part in our study. If they agree that their child or ward can take part, at any 

time they no longer want to do the research anymore, they can leave the study. Refusal to 

participate in this research involves no penalty nor change in the management plan to 

which the child is otherwise entitled. 

What will happen to me or my child if I or they take part? 

A nurse or health surveillance assistant will collect some blood to be tested for HIV which 

will go through routine testing and two point of care tests one of which is a new test that 

has recently been developed called loop mediated amplification assay (LAMP) and the 

other called Cepheid HIV 1 Qual which is not currently used in Malawi but the instruments 

for this test are readily available in Malawi. There will be some discomfort from the prick 

from the needle as we get some blood. The blood will then be processed by a nurse or 

health surveillance assistant and results will be given out on the same day but where results 

are equivocal, we will do more tests whose confirmatory results may take up to 3 days. 

How will the study help me or my child? 

There is power in knowing one’s HIV status. If you or your child is found to be HIV negative, 

we cannot promise that the study will help them individually but the information we get will 

help us to improve this test which will help other children in future who will require HIV 

diagnosis. 

If you or your child is found to be HIV positive, we will link them to HIV care services so 

that they can start antiretroviral therapy and will be followed up in clinic. 

Will anyone else know I am, or my child is doing this?   

Your details will be kept private and only a few people in the hospital and the people doing 

the research will know that you or your child are taking part. 

Did anyone else check the study is ethical to be done? 

Before we start a study, it has to be checked by a group of people called a Research Ethics 

Committee. They make sure the research is fair. This project has been checked and 

approved by CoMREC. 

What will happen to the results of the research study? 

Once the study is completed, we will publish the results in a scientific journal and may 

present the results in a conference. You will not be identified in any report or publication. 

Thank you for reading this. Please ask us questions if you have any. 

If you would like to speak to one of the researchers involved in the study, feel free to contact 

us: 
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Dr Maggie Nyirenda Nyang’wa (PHD student); email :  maggie. nyang’wa@ucl.ac.uk 

Dr Chisomo Msefula; email:    cmsefula@medol.mw 

Dr Dagmar Alber; email:   d.alber @ucl.ac.uk 

Dr Nigel Klein; email:  n.klein @ucl.ac.uk 

 

Thank you. 

 

 

  

mailto:cmsefula@medol.mw


 

186 

Appendix 7: Information Sheet for Parent/Guardian : Chichewa 

version 
Study number: 17IR27 

Study title: Evaluation of HIV detection techniques in children in resource limited settings (DETECT) 

Zomwe muyenera kudziwa za kafukufukuyi: 

• Tikupatsani pepalali kuti muwerenge za cholinga, ubwino ndi kuyipa kwa 

kafukufukuyi. 

• Chithandizo cha kuchipatala ndi chabwino, ndipo chitha kukhala kuyeza magazi 

kapena kupereka mankhwala ndipo chithandizochi chimaperekedwa ndi cholinga choti 

odwala athandizidwe. Cholinga cha kafukufuku ndi kupeza nzeru zina monga 

zokukhudzana ndi zipangizo zoyezera magazi kapena mankhwala oti adzathandize 

wodwala mutsogolo muno. 

• Sitingakulonjezeni kuti kafukufukuyi akupindulirani inu kapena mwana wanu. Monga 

chithandizo cha masiku onse cha kuchipatala, kafukufukunso amakhala ndi kuipira kwake 

komwe kungathe kukhala kwapang’ono kapena kwambiri. 

• Inu kapena mwana wanu muli ndi ufulu okana kutenga nawo mbali kapena 

kubvomera panopa komanso, kudzasintha maganizo mutsogolo muno. 

• Chisankho chimene mupange, sichipangitsa kuti chithandizo chomwe inu kapena 

mwana wanu amayenera kulandira kuchipatala kuno chisinthe. 

• Chonde mumvetsetse bwinobwino zomwe zalembedwazi. Mukhoza kufunsa 

mafunso musanapange chisankho. 

• Zili kwa inu kapena mwana wanu kutenga nawo mbali mukafukufukuyi. 

• Ngati muli ndi mafunso okhudzana ndi kafukufukuyi, funsani a dotolo kapena a 

Namwino a kafukufukuyi. 

Tikukufunsani ngati muli okondweretsedwa kutenga nawo mbali mu kafukufuku wofufuza 

zipangizo zamakono zoyezera matenda a HIV mu ana ongobadwa kumene kulekeza ana 

mphambu zisanu ndi zinayi. 

Kafukukuku amathandawuza chiyani? Kafukuku ameneyu akuchitika chifukwa ninji? 

Kafukuku amachitika kuti tipeze mayankho a mafunso amene tili nawo. Ife tili ndi chidwi 

kufufuza kuti kodi kachipangizo kamakano koyezera matenda a HIV kotchedwa LAMP 

kangagwire ntchito chimodzimodzi kapena kangapose zipangizo zomwe tikugwiritsa nchito 

pakadali pano kuyeza magazi kuyang’ana matenda a HIV mu ana. 
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Ndi chifukwa ninji ine kapena mwana wanga akufunsidwa kutenga nawo mbali mu 

kafukufukuyu?  

Ife tikufunsa ana onse amene sanayezedwe chaposachedwa kuti awone ngati ali ndi 

kachilombo ka HIV kuti alowe nawo mu kafukufuku ameneyu. Unduna wa boma wa 

zaumoyo umalimbikitsa a Malawi tonse kuti tidziyezetsa magazi kuti tizidziwa ngati tili ndi 

kachilombo ka HIV. Ife tikutsatira uthenga ndi uphungu umenewu kufunsa makolo onse ndi 

ena amene akulera ana kuti angafune alowe nawo mukafukufuku ameneyu. Inu kapena 

anawo adzatenga nawo mbali mu kafukufuku ameneyu tsiku limodzi koma pakadzala 

kusagwirizana kwa zotsatira za HIV, magazi adzakayezedwa ku laboretare yak u College 

of Medicine ndiye zotsatira za HIV zitha kutenga masiku atatu. 

Kodi ine kapena mwana wanga ayenera kutenga nawo mbali mukafukufuku ameneyu? 

Kafukufuku ameneyu siwokakamiza, muli ndi ufulu kukana kuti mwana wanu asalowe 

nawo mu kafukufukuyu. Kwa makolo omwe atalole kuti ana awo alowe nawo 

mukafukufukuyu, nthawi iliyonse yomwe iwo angaganize kuti sakufunanso kuti mwana wao 

atenge nawo mbali mukafukufuku atha kutuluka mu kafukukufukuyi. 

Tikutsimikizira makolo onse kuti kukana kutenga nawo mbali mu kafukufukuyu 

sikudzapangitsa kuti mwana wawoyo asalandile chithandizo chomwe amayenera 

kulandira. 

Chitachitike ndi chiyani ine kapena mwana wanga akatenga nawo mbali mu kafukufukuyu? 

Anamwino kapena alangizi a zaumoyo adzatenga magazi ochepa kuchoka kwa anawo kuti 

akayeze ngati anawo ali ndi kachilombo ka HIV. Adzagwiritsa ntchito zipangizo zomwe 

timagwilitsa masiku onse komanso adzagwiritsa zipangizo zina ziwiri zamakono zomwe 

zimatulutsa zotsatira mwachangu zotchedwa LAMP ndi Cepheid HIV 1 Qual.  

Kafukufuku ameneyu athandiza bwanji mwana wanga? 

Ndi chinthu chofunika kwambiri kudziwa ngati munthu uli ndi kachilombo ka HIV kapena 

ayi. Mwana wanu akayezedwa magazi ndikupezeka kuti alibe kachilombo ka HIV mutha 

kuona ngati kuti phindu lenileni loyedzetsera magazi palibe. Ife sitingalonjeze kuti mwana 

atolapo phindu koma zotsatira zakafukufuku ameneyu zidzathandiza ana ena mtsogolomo 

muno omwe adzayezedwe ndi kachipangizo kamakonoka. 

Mwana wanu akayezedwa magazi ndikupezeka kuti ali ndi kachilombo ka HIV, adzayamba 

kulandira mankhwala okhwimitsa chitetezo kuti mphavu zomenyana ndimatenda a HIV 

m’thupi kuti chitetezo chipitilile kukhala chochuluka ndipo kachilombo ka HIV 

kasachulukane. 

Kodi anthu ena adziwa kuti ine kapena mwana wanga walowa mukafukufukuyu? 
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Zonse zokhudzana ndi ana amene alowa mukafukufukuyu ndi zachinsisi. Anthu a chipatala 

ochepa ndi ife amene tikupanga kafukufuku ndi amene tidziwe kuti mwana wanu walowa 

mukafukufuku. 

Kodi anthu ena analinga kafukufuku ameneyu kuti adziwe ngati ali ololedwa? 

Tisanayambe kafukufuku, bungwe lomwe limalinga ndikuvomereza kafukufuku ngati ali 

wololedwa la CoMREC linamuyeza ndikutsata ndondomeko zonse zoyenerera. Bungweli 

linavomereza kuti kafukufuku ndiwololedwa. 

Chidzachitike ndi chani kwa zotsatira wa kafukufuku ameneyi? 

Kafukufuku ameneyu akadzatha, zotsatira zidzalembedwa mu ma papepala a sayansi 

ndipo ngali kuli kotheka zidzalengezedwa mu misonkhano ya sayansi ndi zaumoyo. 

Zikomo kwambiri.  

 

 

Mwina mungafune kutilembera kuti mufunse za kafukufukuyu, ma adilesi an imelo nawa. 

Dr Maggie Nyirenda Nyang’wa (PHD student) ; email :  maggie.nyang’wa@ucl.ac.uk 
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Appendix 8: Data collection sheet for usability for cepheid Xppert HIV 

-1 Qual assay 
POC test acceptability survey - Operators and Users 

Facility name: _________________________________________________________  

Date: _____________________________________________ 

 Lab Technician□/Lab Technologist □ 

Other      □ please indicate _________________________ 

 

1. How long have you been a Lab Technician/Lab Technologist?  

 

2. How long have you been performing lab tests? 

______________________________________  

3.  Have you been formerly trained to perform LAMP?  

Yes□      No□   

If yes, when? ______________________________ 

If no, did you get on-job training? 

Yes□ No□  

If yes, by whom? _________________________________ 

4. Do you think you received adequate and timely Training?  

 

Yes□      No□ 

5.  Is the mentoring and support and supervision adequate?  

 

Yes□      No□ 

6. How easy was it to perform the extraction? 

Very 

Easy 

Easy Do not 

know 

Not 

easy 

Very 

difficult 

     

 

 

7. How easy was it to add the sample to the reaction mix in the Genie II tubes? 
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Very 

Easy 

Easy Do not 

know 

Not 

easy 

Very 

difficult 

     

8.  

 

 

8. How easy is it to close the tubes? 

Very 

Easy 

Easy Do not 

know 

Not 

easy 

Very 

difficult 

     

9.  

 

9. How easy is it to insert the tubes into the machine?  

Very 

Easy 

Easy Do not 

know 

Not 

easy 

Very 

difficult 

     

10.  

  

10. How easy is it to interpret the results? 

Very 

Easy 

Easy Do not 

know 

Not 

easy 

Very 

difficult 

     

11.  

 

11.  What is the most difficult aspect of the test procedure?  
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Please explain your answer___________________________________________ 

 

 

12. In one day, how many tests can you perform?  

 

 

13. Is the supply chain support adequate?  

 

Yes□      No□ 

Please explain your answer___________________________________________ 

 

14.   When there is power failure, is there battery back up? 

 

 Yes □    No□ 

 

Please explain your answer___________________________________________ 

_________________________________________________________________ 

15. What do you think would be the best way to address these challenges? 

 

 

 

 

 

16. Is the test suitable for outposts/ outreach mobile clinics□? 

 

Yes □ No □ 

If yes, please explain why? ________________________________________ 

 

 

17. Can the test device be conveniently moved from one location to another?  
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Yes□    Unsure□        No□ 

please explain why? ________________________________________ 
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Appendix 9: Interview guides for caregivers and health workers 
 

9a. Interview guide for caregivers 

A Questionnaire to validate new HIV test called Cepheid Xpert HIV -1 Quay assay (Cepheid) 

in your hospital 

1. How would you as a parent/guardian feel if your child was to undergo HIV testing with 

Cepheid Xpert HIV -1 Quay assay using whole blood (Cepheid)? 

Malingana ndi mmene tafotokozera za kayezedwe ka Cepheid Xpert HIV -1 Quay assay 

using whole blood (Cepheid), mwana ayenera kutengedwa magazi  pachara kapena 

pa nsempha, inu monga kholo mungamve bwanji kuti mwana wanu ayezedwe magazi 

kuzera njira zimezi? 

 

2. What are your thoughts about this new strategy Cepheid Xpert HIV -1 Quay assay using 

whole blood (Cepheid) for testing HIV in children and giving results promptly?  

Kwainu monga kholo la mwana wa chichepere, maganizo anu ndi otani pokhuzana 

ndi mayezedwe a magazi kuti tidziwe kuti mwana ali ndi HIV kapena ayi malingana ndi 

mmene tafotokozera za kayezedwe ka Cepheid Xpert HIV -1 Quay assay using whole 

blood (Cepheid), malingana ndi nthawi yimene zosatira zimatuluka ? 

 

3. How should this Cepheid Xpert HIV -1 Quay assay using whole blood (Cepheid) 

approach be implemented in a hospital? (Probe who should be targeted, why should they 

be targeted and why?) 

Kodi njira zimenezi tingazikhazikise bwanji mu zipatala? (tatiwuzani, tiyambe ndi gulu 

liti la anthu ndipo nchifukwa chani mukuganiza kuti tiyambe ndi gulu limeneli 

chifukwa chain? 
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4. How should issues of privacy of both children and their guardians be maintained? 

Kodi tingapange bwanji kuti kuyezesa magazi kwa ana ndi makolo awo kapena anthu 

owayang’ira  zikhale za chinsinsi? 

 

5a. What should be the role of parents/guardians in the implementations of these 

approaches? 

Kodi makolo angatengepo gawo lanji kuti njira zoyezesera magazi za Cepheid Xpert 

HIV -1 Quay assay using whole blood (Cepheid), zikhazikisidwe mu chipatala  chathu 

chino cha Mulanje?  

 

b. What information should be provided to ensure that guardians understand the procedures 

involved? 

Kodi makolo  awuzidwe zotani ndi uphungu wotani kuti amvesese za njira zoyezesera                   

magazi za Cepheid Xpert HIV -1 Quay assay using whole blood (Cepheid) ? 

6. What should be the role of male partners in the implementation of Cepheid Xpert HIV -1 

Quay assay using whole blood (Cepheid)? (Probe: How should male partners be 

encouraged to take active role in this approach?) 

Kodi azibambo angatengepo gawo lanji kuti njira zoyezesera magazi za Cepheid Xpert 

HIV -1 Quay assay using whole blood (Cepheid) zikhazikisidwe mu chipatala chathu 

chino cha Mulanje? Tingawalimbikise bwanji azibambo kuti azitenga nawo gawo 

mukuyezedwa magazi mu njira za Cepheid 

 

7. How would your community feel if Cepheid Xpert HIV -1 Quay assay using whole blood 

(Cepheid) was to be implemented in your nearest health facility? (What could be done to 

encourage community members to participate in this intervention?) 
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Kodi anthu a mmudzi mwanu angamve bwanji njira zoyezesera magazi za Cepheid 

Xpert HIV -1 Quay assay using whole blood (Cepheid) zitakhazikisidwa pa chipatala 

chanu chaching’ono mmudzi mwanu?  Tingatani kuti anthu a mmudzi muno 

alimbikisidwe kutenga nawo mbali mu njira zoyezetsera magazi za Cepheid Xpert HIV 

-1 Quay assay using whole blood (Cepheid)? 

 

8. What are some concerns that you and some members in the community might have 

related to receiving HIV test results of a child? 

Kodi inu ndi anthu ena mma midzi mu mumakhala ndi nkhawa zanji zokhuzana ndi 

kulandila zosatira za magazi mwana akayezedwa kuti tiziwe kuti mwana ali ndi HIV 

kapena ayi? 

Ena amadandawula kuti ukapezeka ndi HIV uzimwa ma ARV moyo wako wonse.  

 

9. Do you have suggestions or ideas for addressing possible community concerns about 

Cepheid Xpert HIV -1 Quay assay using whole blood (Cepheid) as an HIV testing 

strategy? 

Kodi mungakhale ndi njira kapena maganizo a momwe tingathandizire kuchepesa 

nkhawa zokhuzana ndikulandila zotsatira za magazi mwana wayezedwa kuti tidziwe 

kuti mwana ali ndi HIV kapena ayi? 

 

B. Perceptions about time to receive test results  

 

10. From the time that your child is tested, how long would you be patient enough to know 

results from the blood tests? (Same day, after three, after three months?) 
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Kuchokera pa nthawi yomwe mwana wanu wayezedwa magazi kuti tidziwe kuti 

mwana ali ndi HIV kapena ayi, mungapilile nthawi yayitali bwanji kuti mudziwe 

zosatira 

Tsiku Lomwelo □ 

Patatha masiku □ 

Miyezi iwiri kapena itatu □ 

Fotokozani zifukwa zomwe mwasankhira Yankho limeneli  

 

the tests are HIV positive? (same day, after three, after three months?) Explain why you 

would prefer your chosen answer. 

Mwana wanu atayezedwa magazi, mungafune kudikila nthawi yayitali bwanji kuti 

mudziwe kuti mwana ali ndi HIV yomwe yimayambitsa matenda a AIDS? 

Tsiku Lomwelo □ 

Patatha masiku □ 

Miyezi iwiri kapena itatu □ 

Fotokozani zifukwa zomwe mwasankhira Yankho limeneli  

 

12. If your child test for HIV, how long would you want to wait before you are told that results 

from the test are HIV negative? (Same day, after three, after three months?) Explain why 

you would prefer your chosen answer.  

Mwana wanu atayezedwa magazi mungafune kudikila nthawi yayitali bwanji kuti 

muziwe kuti mwana alibe HIV yomwe imayambitsa matenda a AIDS  
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Tsiku Lomwelo □√ 

Patatha masiku □ 

Miyezi iwiri kapena itatu □ 

Fotokozani zifukwa zomwe mwasankhira Yankho limeneli  

Chifukwa kamatha kubisala ka chilombo nde Patatha Miyezi itatu  

 

C.Acceptability and decision making   

13. What information would you want to be given to make an informed decision to accept 

that your child should get an HIV test or not? Explain  

kodi mungafune muwuzidwe zotani ndi uphungu otani kuti inu mupange chisankho 

choti mwana wanu ayezedwe magazi kuti mudziwe kuti mwana ali ndi HIV yomwe 

imayambitsa matenda a AIDS kapena ayi? Fotokozani bwino lomwe. 

 

14. How would you want to be approached and given information about these two HIV 

testing strategies? Explain   

Mungafune kuti tikufikileni mu njira yotani kuti tikuwuzeni zimezi ndikukupasani 

uphungu umenewu wa njira zoyezesera magazi za Cepheid Xpert HIV -1 Quay assay 

using whole blood (Cepheid)? 

 

D.Potential Social Harms/Concerns etc. 

15. Would you encourage other parents/guardians to allow their children to test for HIV using 

these the Cepheid Xpert HIV -1 Quay assay using whole blood (Cepheid) approach? 

Yes □ No □  
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 What would be your main concerns and worries towards this approach? 

Kodi mungathe kuwalimbikisa makolo anzanu kapena owasamalira ana kuti alore ana 

Awo ayezedwwe magazi kuti aziwe ngati ali ndi HIV yoyambitsa matenda a AIDS 

kugwilitsa ntchito Cepheid Xpert HIV -1 Quay assay using whole blood (Cepheid)? 

Alibepo Nkhawa ina iliyonse  

16. How would you personally feel if someone from your community learns about HIV test 

results for your child? 

Kodi mungamve bwanji ngati munthu wina wa mmudzi mwanu ataziwa zotsatira za 

magazi a mwana wanu atayezedwa kufufuza ngati ali ndi HIV kapena ayi? 

 

17. Do you have any other thoughts you wish to share on this topic? 

Kodi muli ndi maganizo kapena nkhawa zina zomwe mungafune kutidziwisa pa 

nkhani imeneyi 

Alibepo Nkhawa ina iliyonse koma maganizo awo ndiwoti njilazi zipitilile  

The Research Team  

 

 

 

 

 



199 

 

9b. Interview guide for health workers 

1) As a health professional, how do you feel as you deliver this Cepheid Xpert HIV -1 Quay 

assay using whole blood (Cepheid) which involves taking blood.   

2) As a health professional, how do you feel as you interact with a care giver where you are 

taking blood from their infant or child. 

 

3) If this way of HIV testing using XpertHIV whole blood is scaled above, do you feel other 

health workers will be interested in this method? 

4) Will it add any extra demand on the health services? 

5) Do you feel you need a lot of time when performing this test? 

6) Are the procedures involved easy to follow? 

7) As you deliver this service, what is the general impression of parents and care givers as 

their children are having blood taken? 

 

8) EID results using DBS and PCR turn- around time of results is 2-3 months, do you think the 

ministry of health would be interested in Cepheid whole blood protocol which takes 2 

hours? 

9) Do you think the government can afford HIV testing with Cepheid? 

10) Can Cepheid whole blood protocol be scaled up? 

11) If yes, what would be the barriers? 

12) If yes, what would be the selling points? 

 

13) Why do women have a lot more confidence in hospital staff? 

14) Why is it that caregivers especially women do not have anything to say when asked 

questions? 

15) Why is that caregivers hardly explain answerers, their answers are very short? Eg Anxiety 

about the window period? 

16) What is your opinion about testing for HIV among mothers whose partners are HIV 

positive?  

 

The research team 
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Appendix 10: Data collection tool for costing 

Table of costs 

 
Cost per tested case 

Health Care related costs 
 

cost of HIV DNA PCR per test per sample 
 

cost of Determine per test per sample 
 

Cost of Unigold per test per sample 
 

Cost of Cepheid HIV -1 Qual assay per test per 

sample 

 

Cost of LAMP assay per test per sample 
 

cost of nurse per hour 
 

cost of laboratory technician per hour 
 

Societal costs 
 

cost of transport (return to Mulanje district hospital) 
 

Cost of lost productivity/wages from farming or 

salaried work 
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Appendix 11: Cepheid Xpert HIV-1 Qual assay laboratory work sheet 

Sample ID Sample ID Sample ID Sample ID Sample ID Sample ID 

Time sample 

taken 

     

Time sample in 

lab 

     

Time sample 

processed 

     

Time result out       

Blood Quality      

      

Result HIV neg HIV neg HIV neg HIV neg HIV neg 

 HIV pos HIV pos HIV pos HIV pos HIV pos 

 indetermina

te 

indetermina

te 

indeterminat

e 

indetermina

te 

indetermina

te 

      

Reaction Vol <100ul <100ul <100ul <100ul <100ul 

 100ul 100ul 100ul 100ul 100ul 

 >100ul >100ul >100ul >100ul >100ul 

      

Repeated yes yes yes yes yes 
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 no no no no no 

      

Result  HIV neg HIV neg HIV neg HIV neg HIV neg 

 HIV pos HIV pos HIV pos HIV pos HIV pos 

 Indetermina

te 

Indetermina

te 

Indeterminat

e 

Indetermina

te 

Indetermina

te 

      

Reaction Vol <100ul <100ul <100ul <100ul <100ul 

 100ul 100ul 100ul 100ul 100ul 

 >100ul >100ul >100ul >100ul >100ul 
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Appendix 12: Abbot real time HIV -1 qualitative assay PCR laboratory 

work sheet 
 

Sample ID Sample ID Sample ID Sample ID Sample ID Sample ID 

Time sample 

taken 

     

Time sample in 

lab 

     

Time sample 

processed 

     

Time result out       

Blood Quality      

      

Result HIV neg HIV neg HIV neg HIV neg HIV neg 

 HIV pos HIV pos HIV pos HIV pos HIV pos 

 
Indeterminate Indeterminate Indeterminate Indeterminate Indeterminate 

      

Repeated yes yes yes yes yes 

 no no no no no 

      

Result  HIV neg HIV neg HIV neg HIV neg HIV neg 
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 HIV pos HIV pos HIV pos HIV pos HIV pos 
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Appendix 13: Ethics Approval certificate from COMREC 
 

 

 

 

  



 

206 

Appendix 14: Systematic review on sensitivity and specificity of 

LAMP submitted to BMC 
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Appendix 15: Poster _ Sensitivity and specificity of LAMP test for HIV 

diagnosis in adults and children : A systematic review  
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Appendix 16: Poster_ Cepheid Xpert HIV-1 Qual test is accepted by 

caregivers and health workers for Early infant Diagnosis in Mulanje , 

Malawi 
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Appendix 17: Poster_ Evaluation of performance and usability of 

Cepheid Xpert HIV-1 Qual assay in Malawi 
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Appendix 18: Poster _Costing and Cost effectiveness of Cepheid 

Xpert HIV-1 qual assay using whole blood protocol versus PCR by 

Abbott Systems in Malawi 
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Appendix 19: Poster _Correlation of plasma IP-10 concentrations  

with HIV infection in children attending hospitals in Blantyre and 

Mulanje, Malawi. 
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Appendix 20: Original article _ Costing and cost-effectiveness of 

Cepheid Xpert HIV -1 Qual Assay using whole blood protocol versus 

PCR by Abbott Systems in Malawi 

Maggie Nyirenda-Nyang’wa, Gerald Manthalu, Matthias Arnold ,Dominic Nkhoma ,Mina C. 
Hosseinipour ,Maganizo Chagomerana ,Precious Chibwe ,Kevin Mortimer ,Neil Kennedy ,Derek 
Fairley ,Victor Mwapasa ,Chisomo Msefula ,Henry C. Mwandumba ,Jobiba Chinkhumba ,Nigel 
Klein ,Dagmar Alber ,Angela Obasi 

Journal of Global Health Economics and Policy 

Nyirenda-Nyang’wa M, Manthalu G, Arnold M, et al. Costing and cost-effectiveness of Cepheid Xpert 
HIV -1 Qual Assay using whole blood protocol versus PCR by Abbott Systems in Malawi. Journal of 
Global Health Economics and Policy. 2022;2:e2022013. doi:10.52872/001c.37787 

 

Abstract 

Background 

Timely diagnosis of HIV in infants and children is an urgent priority. In Malawi, 40,000 infants 
annually are HIV exposed. However, gold standard polymerase-chain-reaction (PCR) based testing 
requires centralised laboratories, causing turn-around times (TAT) of 2 to 3 months and significant 
loss to follow-up. If feasible and acceptable, minimising diagnostic delays through HIV Point-of-care-
testing (POCT) may be cost-effective. We assessed whether POCT Cepheid Xpert HIV-1 Qual assay 
whole blood (XpertHIV) was more cost-effective than PCR. 

Methods 

From July-August 2018, 700 PCR Abbott tests using dried blood spots (DBS) were performed on 
680 participants who enrolled on the feasibility, acceptability and performance of the XpertHIV study. 
Newly identified HIV-positive DBS from the 680 participants were retested, so with confirmatory 
testing of the HIV-positive cases, 700 tests were performed. We conducted a cost-minimisation and 
cost-effectiveness analysis of XpertHIV against PCR, as the standard of care. A random sample of 
200 caregivers from the 680 participants had semi-structured interviews to explore costs from a 
societal perspective of XpertHIV at Mulanje District Hospital, Malawi. Analysis used TAT as the 
primary outcome measure. Results were extrapolated from the study period (29 days) to a year (240 
working days). Sensitivity analyses characterised individual and joint parameter uncertainty and 
estimated patient cost per test. 

Results 

During the study period, XpertHIV was cost-minimising at $42.34 per test compared to $66.66 for 
PCR. Over a year, XpertHIV remained cost-minimising at $16.12 compared to PCR at $27.06. From 
the patient perspective (travel, food, lost productivity), the cost per test of XpertHIV was $2.45. 
XpertHIV had a mean TAT of 7.10 hours compared to 153.15 hours for PCR. Extrapolates 
accounting for equipment costs, lab consumables and losses to follow up estimated annual savings 
of $2,193,538.88 if XpertHIV is used nationally, as opposed to PCR. 

Conclusions 

https://joghep.scholasticahq.com/
https://doi.org/10.52872/001c.37787
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This preliminary evidence suggests that adopting POCT XpertHIV will save time, allowing HIV-
exposed infants to receive prompt care and may improve outcomes. The Malawi government will 
pay less due to XpertHIV’s cost savings and associated benefits. 

Introduction 

Sub-Saharan Africa (SSA) is the home to over 90% of all children (<15 years old) living with the 

Human immunodeficiency virus (HIV).1,2 Timely diagnosis of HIV infection is key to accessing 

antiretroviral therapy and reducing mortality and long-term morbidity.3–6 The World Health 

Organisation (WHO) recommends that HIV-exposed infants have a virological test at 4-6 weeks of 

age,3–5 yet worldwide, only 59% of children living with HIV have been tested compared to 82% of 

adults.3,5 In Malawi, only 51% of HIV-exposed infants received a virological test within the first 6 

weeks of life, and only 52% of children (0-14 years) living with HIV were initiated on ART in 2017.7,8 

Because of the persistence of maternal antibodies, nucleic acid tests which detect both Ribonucleic 

acid (RNA) and Deoxyribonucleic acid (DNA) are used for Early HIV infant diagnosis (EID), of which 

Polymerase chain reaction (PCR) is the gold standard.5,9–13 Although PCR is highly sensitive and 

specific, the reagents and equipment are expensive, and the assays must be performed by highly 

qualified staff. With only ten laboratories conducting PCR in Malawi, the samples must be 

transported some distance, leading to the risk of specimen loss and resulting in long turnaround 

times. For example, in 2017, the Malawi HIV unit reported an 8% loss of samples sent for HIV DNA 

PCR testing and time to HIV diagnosis by PCR took 2 to 3 months.7,8 This is substantially longer 

than the WHO recommendation of 30 days, contributing to a 33% loss to follow-up of HIV-exposed 

infants by 24 months of age.7,8 A possible solution to this problem would be the introduction of a fast, 

sensitive, specific, cost-effective HIV point of care test (POCT) that can be carried out in infants and 

children up to 18 months in district hospitals and local health care centres is desperately needed for 

early initiation of ART. 

WHO and UNAIDS recommend that countries pilot and explore optimal ways of scaling up HIV 

testing.3,14 In Malawi, two WHO pre-qualified Point-of-care testing (POCTs), Alere q HIV1/2 
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Detect,14,15 and Cepheid Xpert HIV-1 Qual assay (XpertHIV),15,16 were piloted by Clinton Health 

Access Initiative (CHAI) in 2017 and have been used exclusively for research.14–16 The parent study 

on feasibility, acceptability and performance of XpertHIV confirmed that in comparison to PCR by 

Abbott, XpertHIV’s sensitivity and specificity were 100% (95% CI: 78.2 - 100%) and 100% (95% CI: 

99.4 - 100%), respectively.17–20 The positive predictive value (PPV) and negative predictive value 

were 100% (95% CI: 78.2 - 100%) and 100% (95% CI: 99.4 - 100%), respectively.17,18 The positive 

and negative agreement between XpertHIV and PCR by Abbott were 100%, respectively. Despite 

the Cepheid GeneXpert machines being available in 114 health facilities throughout Malawi for TB 

diagnosis, in 2018, these machines were only used for TB diagnosis.21,22 The acceptability, 

feasibility, and usability of these POCTs depend on various factors such as the number of tests that 

can be processed simultaneously, availability of trained staff and requirements for sustained power 

supply. Real-world evaluation is therefore necessary and, given the existing resource constraints, in 

Malawi, assessment of cost and cost-effectiveness of XpertHIV is also needed. 

The study aimed to provide costings evidence that policymakers could use for decision-making at a 

national level. We compared the costs of XpertHIV whole blood protocol (WB) against the standard 

of care HIV DNA PCR using Abbott systems (PCR). Our outcomes were cost-minimisation and cost-

effectiveness using turn-around time (TAT) from sample collection to results. 

Methods 

Study setting and design 

The study took place in Mulanje District Hospital, located in the Southern region of Malawi. Mulanje 

is a mountainous and tea-farming district on a border with Mozambique. The district is predominantly 

occupied by the Lomwe tribe and has an estimated total population of 428,322 and an adult HIV 

prevalence of 20.6%.23,24 Mulanje District Hospital is the secondary referral government hospital for 

17 peripheral health centres in Mulanje district where ART is provided. 
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As a standard procedure for HIV-exposed infants in Mulanje and nationally, HIV tests were 

performed at six weeks, 12 months and 24 months as there is a chance that those born HIV negative 

can be infected through breastfeeding.7,8 Follow-up of HIV-exposed infants stops at 24 months of 

age or 3 months after cessation of breast feeding.7,8 EID testing for infants aged six weeks only 

involved DBS being sent to a molecular laboratory for PCR by Abbot testing and HIV 1 and 2 antibody 

tests for 12 and 24 months old, respectively.7,8 

The standard of care and comparator (HIV DNA PCR by Abbott) 

HIV DNA PCR using the Abbott M2000 machine was the comparator for this analysis and used to 

represent the existing EID strategy used in Malawi.7,8 For this study, DBS were prepared for HIV 

PCR testing at a central Queen Elizabeth Central Hospital (QECH) facility. 

The intervention (Cepheid Xpert HIV-1 qual assay) XpertHIV)) 

XpertHIV detects HIV-1 total nucleic acid qualitatively from individuals suspected of HIV-1 infection 

using real-time PCR. It uses the GeneXpert Instrument (Cepheid, Sunnyvale, CA, USA), a closed, 

self-contained, fully integrated automated platform representing a paradigm shift in the automation 

of molecular analysis, producing results rapidly with minimal risk of contamination.16 The assay 

requires three steps: transfer 100 μl of whole blood into the cartridge’s large hole, dispense 750 ul 

elution reagent into the small hole in the cartridge’s insertion into the cartridge Xpert platform and 

start the run of the assay.16 For this study, all POCT XpertHIV testing was done on-site. 

This costing study was nested within a prospective mixed-methods study that evaluated the 

feasibility, sensitivity, specificity, acceptability and usability of XpertHIV compared to HIV DNA PCR 

by Abbott systems using dried blood spots (DBS). The details of the setting and design of the parent 

study and HIV testing protocols are presented elsewhere.17–20 

In brief, from July to August 2018, 680 children were tested,17,18 of whom 200 caregivers of children 

aged 0-14 who provided consent for HIV testing and costing study participants were recruited in 
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Mulanje District Hospital (MDH) in southern Malawi. The current study compared costs of locally 

performed (XpertHIV) with DBS sent to QECH in Blantyre, 89 kilometres away, for testing by study 

PCR. 

The study addressed testing for two groups- infants aged six weeks old only who were tested with 

XpertHIV, in-house PCR by Abbott at QECH and DBS sent to Thyolo District Hospital (TDH) for 

testing by PCR and the rest of the infants and children who had XpertHIV, in house PCR by Abbott 

at QECH and if over 12 months - HIV 1and 2 antibody tests. 

Cost comparison Cepheid Xpert HIV-1 Qual assay (Xpert HIV) and HIV DNA PCR by 

Abbott systems (PCR) 

We estimated health facility costs and economic costs borne by carers. Intervention-specific variable 

costs were estimated using the ingredients approach, while shared overhead costs such as waste 

management and utilities were apportioned by using the annual expenditure for a hospital. The latter 

were allocated to the laboratory using an allocation basis (estimated proportion of lab to hospital 

area), multiplying that by a proportion of the cost attributable to the study (e.g. proportion of lab 

electricity that a machine used for testing used) and multiplying that by the proportion of the study 

period to the financial year (29/365). 

Fixed costs were annuitised using the standard formula, 

K=E1−(1+r)−nr 

where K is the initial capital outlay, E is the annual sum which at an interest rate r for n years will be 

equal to the initial capital outlay.25 Useful lives, n, of capital items were collected from different 

sources, and an interest rate of 3% was used.25 Capital items included the equipment and staff 

training. 

Household costs included costs incurred by patients and guardians in seeking care, i.e. 

transportation, food, purchase of health passport, consultation, registration, laboratory test, 
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medicines, gifts to health workers and under-the-table payments. This costing study randomly 

selected and recruited one out of every three caregivers from the parent study. The study estimated 

the opportunity cost of time that guardians and their companions spent travelling to health facilities 

and waiting for their child to get care, outpatient or inpatient. 2013 earnings data for the occupations 

represented in the household cost survey were adjusted for inflation using annual consumer prices 

indices for 2013 and 2018, multiplied by the times that each occupation category spent and 

converted into US dollars using a 2018 exchange rate of 1$ = MK750. Based on the simple random 

sampling, weights were applied to the costs, and an average patient cost was calculated. The 

weights were calculated by dividing the total number of clients observed during the study period by 

the costing sample size. 

Cost-effectiveness analysis 

We adopted a payer perspective, where the payer was the Government of Malawi. The cost per test 

was then estimated by dividing the total cost of each testing strategy by the sample size of n= 700. 

The standard formula for the incremental cost-effectiveness ratio (ICER) was used, with the 

difference in costs for the two strategies divided by the difference in their turn-around times.25 Turn-

around time was calculated as a difference between when a sample was taken from a patient and 

when the test results were reported to the patient, expressed in days. 

We conducted deterministic sensitivity analysis by extending the study period from 29 days to a year 

(365 days). We also conducted probabilistic sensitivity analysis by making 1000 Monte Carlo 

simulations and calculating the probability that a strategy could be effective at different threshold 

ratios. For each simulation, random draws were made from the Gamma distribution for cost data 

parameterised as gamma(α,β) in Microsoft Excel where α=μ¯2s2 and β=s2μ¯ and the normal 

distribution µnormal(µ, σ2) for turn-around times.26 Cost data were categorised as equipment, 

human resources, lab consumables, overheads and transport for each strategy. Microsoft Excel was 

used when a draw was taken for each of these categories for each strategy. 
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Data sources 

We used the Government of Malawi Integrated Financial Management Information System (IFMIS) 

expenditure data for the 2018/19 financial year for the Mulanje district health office and Queen 

Elizabeth Central Hospital to approximate overhead costs.27 Unit cost data were provided by the 

Principal Investigator, while data on waste management contracts were obtained from the Ministry 

of Health. Data on the useful lives of various equipment were obtained online and from other 

published literature.28 Data on household costs incurred in seeking care were collected through a 

costing survey questionnaire between July and September 2018. TAT data were compiled by 

laboratory staff at both centres as part of the study. Consumer price index data was obtained from 

the Reserve Bank of Malawi website.29 Open Data Kit was used to collect and manage data, and 

Stata-14 (StataCorp, Texas, USA) was used for analysis. 

The College of Medicine Research and Ethics Committee (COMREC) approved the study protocol, 

informed consent forms, and questionnaires. (P.03/18/2378) and University College London 

Research Ethics Committee (13313/001). Written informed consent was obtained from the 

parent/guardian of each participant under 18. Children aged 0 to 14 years whose caregivers 

consented to HIV testing were enrolled in this study. 

Results 

From July to Sept 2018, 700 PCR by Abbott tests using DBS were performed on the 680 participants 

enrolled into the study, of whom 15 were identified to have HIV-positive results. These newly 

identified HIV-positive DBS were retested twice, and 5 of the 15 were retested three times, so with 

confirmatory testing of the HIV-positive cases, a total of 700 tests were performed. Costs of repeat 

tests were included in the analysis. 
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There were 49/680 blood samples insufficient for both PCR by Abbott and XpertHIV testing, so only 

PCR was done as it was the gold standard test. In total, 631 XpertHIV and 700 PCR tests were 

performed in the study. 

Cost analysis 

Table 1 shows the total costs incurred by each testing strategy broken down by major cost 

categories. XpertHIV was cost minimising compared to PCR Abbott for the same npumber of 

samples tested. XpertHIV had a total cost of $29,638.46 compared to $46,658.91 for Abbott PCR 

for the same number of samples tested. The average total cost of the XpertHIV test was $42.34 

compared to $66.66 for PCR by Abbott. 

Table 1. Three month total costs by strategy and expenditure category 

Expenditure category by strategy Total cost ($) 

Cepheid Xpert HIV-1 qual assay  

Equipment 7,453.28 

Human resources 3,675.72 

Lab consumables 17,168.58 

Overheads 996.48 

Transport 344.40 

Total cost 29,638.46 

Average total cost 42.34 

HIV DNA PCR by Abbott 

 

Equipment 35,957.54 

Human resources 4,684.15 

Lab consumables 5,004.84 

Overheads 26.41 

Transport 985.97 

Total cost 46,658.91 

https://joghep.scholasticahq.com/97137
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Expenditure category by strategy Total cost ($) 

Average total cost 66.66 

* The transport costs are different because Mulanje district hospital is the main referral hospital in 

the whole district 

The key cost drivers of the two strategies in Table 1 are equipment and lab consumables. PCR by 

Abbott has higher annuitised equipment costs representing 77% of the total cost compared to 

XpertHIV at 25%. However, XpertHIV has a higher cost for lab consumables representing 58% of 

the total cost and three times the cost of the corresponding items for PCR by Abbott. 

Table 2 shows that the variable to fixed cost ratio for XpertHIV is 2.96:1 while for PCR by Abbott it 

is 0.30:1. This suggests that with a greater volume of tests, the average total cost of PCR by Abbott 

is likely to decline at a faster rate than XpertHIV or possibly be cost minimising compared to 

XpertHIV. 

Table 2. Classification of three month total costs by strategy and whether fixed or variable 

Expenditure category by strategy Total Cost ($) 

Cepheid Xpert HIV-1 qual assay  

Variable 22,146.06 

Fixed 7,492.40 

Total 29,638.46 

HIV DNA PCR by Abbott  

Variable 10,676.37 

Fixed 35,982.54 

Total 46,658.91 

We tested this assumption by extrapolating the data from 29 days to a year (under the assumption 

of 240 working days.) We also considered the maximum capacity of the equipment for a year (11,856 

tests for XpertHIV and 4608 for PCR by Abbott). The results are presented in 

https://joghep.scholasticahq.com/97137
https://joghep.scholasticahq.com/97138
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Tables 3 and 4. Table 3 shows that the total cost of XpertHIV exceeds that of Abbott PCR, 

$191,147.88 and $124,700.21, respectively, reversing the base case scenario. However, the 

average total cost (ATC) per test is still lower for XpertHIV than PCR by Abbott, $16.12 and $27.06, 

respectively. The lower XpertHIV ATC is due to its higher capacity of tests in a year compared to 

PCR by Abbott. Based on Table 4, the variable cost to fixed cost ratio escalates to 23.3:1 for 

XpertHIV while it increases to 2.43 for PCR by Abbott when the costs are extended to a year. 

 

 

Table 3.Annualised total costs when the study period is extended to 1 year by strategy and category 

Expenditure category by strategy Total cost ($) 

Cepheid Xpert HIV-1 qual assay  

Equipment 7,814.87 

Human resources 30,145.31 

Lab consumables 142,090.80 

Overheads 8,246.72 

Transport 2,850.18 

Total 191,147.88 

Average total cost 16.12 

HIV DNA PCR by Abbott 

 

Equipment 36,319.13 

Human resources 38,765.37 

Lab consumables 41,237.37 

Overheads 218.59 

Transport 8,159.75 

Total 124,700.21 

Average total cost 27.06 

https://joghep.scholasticahq.com/97139
https://joghep.scholasticahq.com/97140
https://joghep.scholasticahq.com/97139
https://joghep.scholasticahq.com/97140
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Table 4. Classification of annualised total costs by strategy and whether fixed or variable 

Expenditure category by strategy Total Cost 

Cepheid  

Variable 183,277.68 

Fixed 7,870.20 

Total 191,147.88 

PCR by Abbott  

Variable 88,356.08 

Fixed 36,344.13 

Total 124,700.21 

 

It can be demonstrated that if XpertHIV was used instead of PCR by Abbott, the Government of 

Malawi would save resources because of two factors: 1) lower cost of XpertHIV test and 2) higher 

return rate of results for XpertHIV. We can examine two scenarios, one in which both testing 

strategies operated at observed efficiency and the other in which they operated at full capacity. Each 

year approximately 40,000 HIV-exposed infants are born in Malawi who are eligible for testing. In 

2018, 38,393 HIV-exposed babies were born & discharged from maternity units in Malawi. The MoH 

collected and recorded 45,637 DNA-PCR samples. Of these, 31730 (70%) results were returned to 

collection sites. However, only 20038 (44%) mothers received their infants’ results. Therefore in 

2018, the MoH spent $3,041,960.97 ($66.66 per test for 45,637 samples) given the observed 

efficiency scenario. However, if XpertHIV was used, MOH would have spent $1,932,300.57 ($42.37 

per test for 45,637 samples) and saved $1,109,660.40. Considering that 56% of the samples 

(25,599) were not received by mothers/guardians of the infants, then $1,083,878.48 was lost. 

Assuming the best case scenario that XpertHIV has a 100% results return rate, the savings from 

implementing XpertHIV would be as high as $2,193,538.88. Assuming the full capacity scenario, 

45,637 DNA-PCR samples would have cost $1,234,937 ($27.06 per test for 45,637 samples) for 
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PCR by Abbott. If XpertHIV was used, MoH would have spent $735,668 (($16.12 per test for 45,637 

samples) and saved $499,269 on PCR. For the samples that were not received by 

mothers/guardians, $692,709 was lost. So XpertHIV would have saved a total of $1,191,978, 

assuming XpertHIV had a 100% results return rate. 
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Table 5.Demographic characteristics of the caregivers of study participants (n=200); the data are 
shown as percentages, unless stated otherwise 

Variable   

 Mean Std. Deviation 

Age 28.99 8.58 

Length of stay in hours 5.06 4.80 

Travel time to health facility (hours) 1.66 1.01 

 N % 

Marital status   

Single 9 4.5 

Married 180 90.0 

Divorced/separated 11 5.5 

Occupation   

Working in a farm 9 10.0 

Working in a small -scale business 37 18.5 

Civil servant 2 1.0 

Working in a non-government organisation 5 2.5 

Housewife 118 59.0 

student 7 3.5 

Unemployed 11 5.5 

Means of transport   

Walking 119 59.5 

Bus/Minibus 27 13.5 

Bicycle 40 20.0 

Motorbike 2 1.0 

Car 3 1.5 

Motorised ambulance 9 4.5 

Travelled with companion   

No 159 79.5 
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Table 5 shows the characteristics of respondents to the household cost survey. Of the 200 

participants recruited for the household cost survey, their caregivers were 2% male and 98% female. 

21% of the carers were accompanied by someone. Most (59%) of the guardians were housewives; 

60% of the guardians walked to the hospital and the mean time to travel to the hospital was 1.7 

hours. About 90% of the sampled children were outpatients, while 10% were inpatients. The mean 

length of stay for the inpatients was 5.06 days with a maximum of 21 days. 

Table 6 presents the results of the household cost survey. The total economic cost that guardians 

incurred was $1,719. Guardian time and guardian’s companion’s time waiting for their child to get 

care were the most significant contributors to the total cost at $550.83 and $357.33. Guardian’s 

inpatient time was the third-highest contributor at $253.89. There were no reported expenditures 

against consultation, registration, laboratory test, medicines, gifts to health workers and under-the-

table payments. From the patient perspective, the cost per test was $2.45. 

  

Variable   

Yes 41 20.5 

Whether child was inpatient   

No 183 91.5 

Yes 17 8.5 

If guardian incurred any expenses at hospital   

No 107 53.5 

Yes 93 46.5 

https://joghep.scholasticahq.com/97141
https://joghep.scholasticahq.com/97142
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Table 6. Household costs incurred in seeking care 

Occupation Guardian 
time 

travel ($) 

Guardian 
time 

seeking 
care ($) 

Guardian's 
companion's 
travel time 

($) 

Guardian's 
companion's 

time 
seeking 
care ($) 

Guardian's 
inpatient 
time ($) 

Health 
passport 

($) 

Food 
($) 

Guardian's 
travel cost 

($) 

Guardian's 
companion's 
travel cost 

($) 

Total 
($) 

Working in farm 3.72 23.60 1.66 65.50 7.05 0.40 6.07 5.27 1.33 114.60 

Working in 
business 

2.07 3.76 3.02 5.18 12.96 1.07 16.07 9.67 1.33 55.13 

Civil servant 1.72 2.58 3.44 6.88 - - - - - 14.62 

NGO 6.88 12.39 12.39 6.88 - - 0.80 - - 39.34 

Domestic 
work/Housewife 

20.37 138.15 1.86 2.84 64.62 1.20 33.49 27.47 6.60 296.60 

Unemployed 1.86 3.13 14.88 31.82 - 0.20 0.47 0.27 - 52.63 

Unweighted total 36.62 183.61 37.26 119.11 84.63 2.87 56.89 42.67 9.27 572.93 

Weighted total 109.87 550.83 111.78 357.33 253.89 8.60 170.68 128.00 27.81 1,719 
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Cost-effectiveness 

For the cost-effectiveness of XpertHIV vs PCR by Abbott, we assumed that clients always need test 

results immediately and that the cost-effective strategy reduces the cost per hour of waiting for 

results. Table 7 shows the base case cost-effectiveness results. XpertHIV was more cost-effective 

than Abbot PCR because of the lower mean cost per test ($42.34) and lower turn-around time 

(146.05h). The incremental cost-effectiveness ratio is, therefore, $0.17/h reduced. 

Table 7.Cost-effectiveness of XpertHIV v PCR by Abbott, base case scenario 

Strategy Mean 
Cost ($) 

Mean TAT 
(hours) 

∆ Cost 
($) 

∆ TAT ICER ($/hour of 
waiting reduced 

Cepheid Xpert 42.34 7.10 (24.31) (146.05) 0.17 

Abbot PCR 66.66 153.15    

Sensitivity analysis 

Figure 1 shows the cost-effectiveness acceptability curves from the probabilistic sensitivity analysis. 

When the threshold willingness to pay for an hour waiting for results was less than .$0.20, PCR by 

Abbot had a higher probability of being cost-effective. For threshold values greater than $0.20, 

XpertHIV had a higher probability of being cost-effective, from $0.70, the probability of XperHIV 

being cost-effective was greater than 0.9. 

https://joghep.scholasticahq.com/97143
https://joghep.scholasticahq.com/97145
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Figure 1.Cost-effectiveness acceptability curves for testing strategies 

Discussion 

XpertHIV was cost-minimising at $42.34 per test compared to $66.66 for PCR. Over a year, we 

extrapolated that XpertHIV remained cost-minimising at $16.12 compared to PCR at $27.06. Cost-

minimisation of XpertHIV would derive from its relatively high results return rate and lower cost than 

Abbot PCR. From the patient perspective (travel, food, lost productivity), the cost per test of XpertHIV 

was $2.45. XpertHIV had a mean TAT of 7.10 hours compared to 153.15 hours for PCR. 

The findings of this study are similar to other studies in Africa, where the cost per test result returned 

within 30 days in 8 countries was less for POC (US$27·24, range $21·39 - $33·10) than conventional 

PCR testing ($131·02, $96·26- $165·76)30 and $32.65 for POC,31 $30 (testing once) to $55 (testing 

twice),32 $24.18 for conventional and $27·61 for POC.33 

When costs were extrapolated to a year, XpertHIV remained cost-minimising because of its higher 

throughput and the assumption of the machine being used at full capacity every day. These findings 

are similar to a South African study which demonstrated that higher volume facilities had better 

instrument utilisation and consequently lower POC costs.34 XpertHIV had a higher probability of 
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being cost-effective for all willingness to pay (WTP) values that were simulated. Although there is no 

official Government of Malawi WTP threshold for reduced time accessing health care, the CEACs in 

Figure 1 show that whatever threshold value may be estimated, XpertHIV would probably still be a 

cost-effective strategy relative to PCR. 

According to probabilistic sensitivity analysis results, XpertHIV had a higher probability of being cost-

effective for all willingness to pay (WTP) thresholds that were simulated. Although there is no official 

Government of Malawi WTP threshold for reduced time accessing health care, the CEACs in Figure 

1 show that whatever threshold value may be estimated, XpertHIV would still be a cost-effective 

strategy relative to PCR. 

Before this costing and cost-effectiveness analysis, we conducted a feasibility study evaluating the 

performance of XpertHIV, which was found to be as sensitive and specific as PCR by Abbott and 

much easier to use compared to the standard EID strategies using PCR by Abbott systems in 

Malawi.17,18 XpertHIV was also accepted by parents and caregivers as a POCT for 

EID.19,20 Therefore, comparing costs of current practice and the XpertHIV was necessary before 

recommending its use for EID. 

The study had several limitations. First, it was conducted in only one site, so there was no cost 

variation by geography or facility level. Using this assay outside of the study setting or a health centre 

may result in different findings as costs may vary in different directions. This may be due to several 

operational factors including GeneXpert machines of different capacities at health facilities and 

different levels of their utilisation/idle capacity. For example, Mulanje District Hospital had a VXI 

module Cepheid GeneXpert machine, which allows 96 tests to be performed per day, while other 

districts have IV module Cepheid GeneXpert machines which allow a maximum of 21 tests per day. 

And the machine at Mulanje District Hospital never runs at full capacity. However, more recently, 

HPV, Covid-19 and TB tests are run concurrently. It may thus be worth extending this study to 



 

230 

consider this scenario in future. Also, if this study was conducted in the districts with lower capacity 

machines eg 4 module Cepheid Genexpert platforms, TAT would have been higher. 

In this analysis, we priotised TAT because it impacts time to ART initiation. The study did not follow 

up patients over time to link how turnaround times may subsequently have affected health outcomes 

of the children. There is a need for implementation studies to assess the impact of the transition to 

POCT, to continue to monitor the impact on ART uptake, survival, and broader outcomes such as 

Quality Adjusted Life Years or Disability Adjusted Life Years (DALYs ) which will in turn inform future 

cost effectiveness models. It will be important to extend this work to look at final outcome measures 

for Malawi or similar settings. According to the CHER trial conducted in South Africa, early initiation 

of ART is capable of reducing infant mortality from 16% to 4% decreasing of early infant mortality by 

76% and HIV progression by 75%.6 

The most significant impact of this study and contribution to the policy was that by 2019, XpertHIV 

using DBS is implemented and now rolled out in Malawi for EID and Viral load monitoring. The 

already existing Cepheid platforms are used for HIV EID and Viral load monitoring, which has 

improved TAT and loss to follow-up of HIV-exposed infants. Furthermore, XpertHIV EID testing is 

concurrently being undertaken together with TB, HPV and Covid-19 testing, demonstrating better 

instrument utilisation of the Cepheid GeneXpert platforms and high throughput. 

Conclusion 

This study conducted a costing and outcomes analysis of POCT XpertHIV and PCR by Abbott 

Systems. Results showed that XpertHIV cost was $42.34 per test compared to $66.66 for PCR by 

Abbott. When the results of the study were extrapolated from the study period (29 days) to a year 

(240 working days), XpertHIV remained cost-minimising at $16.12 compared to PCR by Abbott at 

$27.06, and the median TAT for results was 7.10 hours for XpertHIV compared to 153.15 hours for 

PCR. Therefore, XpertHIV is cost-effective. Implementing XpertHIV in Mulanje district could 

significantly improve EID, decrease follow-up loss and reduce morbidity and mortality. More 
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extensive modelling needs to determine the full and long-term consequences of implementing 

XpertHIV in Malawi and sub-Saharan Africa. 
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Abstract 

Early infant diagnosis of HIV (EID-HIV) is key to reducing paediatric HIV mortality. Traditional approaches 

for diagnosing HIV in exposed infants are usually unable to optimally contribute to EID. Point-of-care testing 

such as Cepheid Xpert HIV-1 Qual assay-1 (XPertHIV) are available and could improve EID-HIV in resource 

constrained and high HIV burden contexts. We investigated the acceptability and perceived appropriateness of 

XpertHIV for EID-HIV in Mulanje Hospital, Malawi. Qualitative cross-sectional study using semi-structured 

interviews (SSI) among caregivers and health care workers at Mulanje District Hospital. The qualitative study 

was nested within a larger diagnostic study that evaluated the performance of XpertHIV using whole-blood-

sample in a resource limited and high burden setting. A total of 65 SSIs were conducted among caregivers (n = 

60) and health care providers (n = 5). Data were coded using deductive and inductive approaches while thematic 

approach was used to analyse data. Point-of-care XPertHIV was perceived to be acceptable among caregivers 

and health care providers. Caregivers’ motivations for accepting XPertHIV HIV-testing for their infants 

included perceived risk of HIV emanating from child’s exposure and validation of caregiver’s own HIV sero-

status. Although concerns about pain of testing and blood sample volumes taken from an infant remained 

amplified, overall, both caregivers and health care providers felt XpertHIV was appropriate because of its quick 

result turn-around-time which decreased anxiety and stress, the prospect of early treatment initiation and 

reduction in hospital visits and related costs. Implementation of XpertHIV has a great potential to improve EID-

HIV in Malawi because of its quick turn-around-time and associated benefits including overcoming access-

related barriers. Scaled implementation of this diagnostic technology require a robust community engagement 

strategy for managing caregivers and community myths and misconceptions towards the amount of blood 

sample collected from infants 

Introduction 

High prevalence of HIV-related infant morbidity and mortality have contributed to impeding the attainment of 

both the UNAIDS 95-95-95 targets and the health-related sustainable development goals [1] Currently, HIV 

treatment for infants and children lags far behind other demographic groups. Compared to 93% of pregnant 

women on treatment, only 74% of children aged 0–14 years are receiving antiretroviral therapy (ART) [2]. Early 

initiation of ART among infants decreases both early infant mortality and HIV progression by approximately 

75% [3]. Early diagnosis of HIV in infants (EID-HIV) requires conventional HIV DNA/RNA detection using 

tests such as polymerase chain reaction (PCR) since maternal antibodies make antibody tests unreliable below 

18 months [4,5]. However, HIV PCR is challenging in resource constrained settings because of its high cost, the 

need for skilled technicians and centralised laboratories [4]. Centralisation of testing also leads to protracted 

https://doi.org/10.1371/journal.pgph.0001135
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref001
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref002
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref003
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref004
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref005
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref004
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turn-around-time (TAT) with a lag time from testing to receiving results of about 2–3 months. Suboptimal turn-

around-times for HIV diagnostic tests has been associated with losses to follow-up of up to 33% [6]. 

The quality-assured point-of-care test (POCT) Cepheid Xpert HIV-1 Qual assay (whole-blood-sample 

(XpertHIV)) that can improve EID-HIV is available and has received prequalification for in vitro diagnostic use 

from WHO in 2016 [7,8]. XpertHIV reduces turn-around time to a median of less than one day and is as specific 

and sensitive as conventional HIV-1 PCR [9,10] and subsequently has the potential for decreasing loss to 

follow-up and increasing uptake of infant ART through EID-HIV [9]. 

Malawi, a country that is among those worst affected by HIV, has an estimated 1500 infants who are being 

diagnosed with HIV every year [6]. Historically, Cepheid GeneXpert diagnostic technologies in the country 

have been exclusively applied within the context of TB diagnosis through TB assay Xpert MTB/RIF [11,12]. 

Our recent study at Mulanje District Hospital has demonstrated that XpertHIV had comparable sensitivity and 

specificity to HIV-1 PCR (Abbott) in diagnosing HIV infection among infants and children but with a much 

faster turn-around time [9,10]. Similar results have reported in Botswana and Kenya [13,14]. Despite these 

favourable outcomes of XpertHIV, other factors influence acceptance of using whole-blood sample for EID-

HIV such as fears relating to blood sampling, HIV-related stigma, fear of living with a diagnosis of HIV for the 

infant, difficulties with disclosure to partner or family members, lack of partner support, distance and transport 

or other costs related to clinic visit for HIV-related services [15–17] This qualitative study investigated 

healthcare providers and caregivers’ perspectives—in terms of acceptability and appropriateness—towards the 

introduction of a novel XpertHIV for EID-HIV that use whole-blood sample within a busy rural district hospital. 

Methods 

The study took place in Mulanje District Hospital geographically located in the Southern region of Malawi. 

Mulanje is a mountainous and tea-farming district on a border with Mozambique. The district is predominantly 

occupied by the Lomwe tribe and has an estimated total population of 428,322 and an adult HIV prevalence 

20.6% [18]. Mulanje District Hospital is the secondary referral government hospital for 17 peripheral health 

centres in Mulanje district. As per the Malawi national HIV guidelines, HIV antibody testing is offered to all 

HIV exposed children aged >12 months of age. For HIV-exposed infants aged 6 weeks, standard HIV testing 

uses dried blood spots (DBS) which are sent to Thyolo District Hospital Molecular laboratory (39km away) for 

HIV-1 PCR testing. From hospital records, approximately 2700 HIV exposed infants from Mulanje district are 

tested each year. 

A diagnostic study was implemented at Mulanje district hospital to evaluate the performance of XpertHIV using 

whole-blood-sample in a resource limited and high burden context. The performance study comprised a 

population from which a sample for this qualitative study was drawn. Details of the performance study have 

published elsewhere [9]. A total of 600 children (aged 0 months– 14 years) were recruited in the feasibility and 

performance study of XpertHIV of whom 101/600 (17%) were infants aged <1 year. All participants were tested 

by 5 health providers (i.e. nurses) with both XpertHIV and PCR between July and September 2018 [9,10]. 

Infant blood was taken by heel prick: 5 x blood spots for PCR (~0.35mls) and 0.5mls into an EDTA for 

XpertHIV. For ~ 5% of infants where heel prick for capillary blood sampling failed and for older children aged 

>1 year, venous samples were taken, generally from antecubital veins. 

This qualitative cross-sectional study sampled 60 caregivers of children who were recruited in the performance 

study. Caregivers were purposively sampled, across children’s age groups for semi structured interviews (SSI) 

to ensure maximum variation of the sample. Inclusion criteria for caregivers of HIV exposed infant and children 

were 1) their decision-making responsibility for an infant or child who was suspected to be HIV exposed but 

had no prior HIV test; or an HIV exposed infant for EID-HIV; and (2) being over 18 years old; and (3) willing 

to provide an informed consent. For the health care providers, all five nurses who were working in the outpatient 

department were purposively selected for SSIs because of their involvement in EID-HIV and prevention of 

https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref006
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref007
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref008
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref009
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref010
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https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref010
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref013
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref014
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref015
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref017
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref018
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref009
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref009
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref010
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mother-to-child transmission (PMTCT) as well as their role in performing the XpertHIV in the performance 

study. 

Semi-structured interview guides for this study were translated in Chichewa and explored perceptions among 

implementing nurses and beneficiary caregivers regarding whether or not the use of XpertHIV and DNA PCR is 

agreeable or satisfactory, including factors influencing acceptance of the test and experiences of EID-HIV. 

Experiences of interaction with XpertHIV to determine appropriateness and acceptability of this diagnostic 

technology was also explored among nurses. In terms of appropriateness, our attention was on the perceived 

fitness, relevance, or compatibility of XpertHIV for EID-HIV in a resource constrained setting. All interviews 

were conducted in a study room housed within the outpatients’ department. Two trained qualitative researchers 

facilitated the interviews, were responsible for taking field notes, data transcription and translation. Interviews 

were conducted in Chichewa (dominant local language)—each lasted less than an hour—and were audio 

recorded. Data collection continued until data saturation was reached [19,20] observable through duplication or 

repetition of information provided by study participants. 

Data were analysed thematically using both inductive and deductive coding to identify emerging themes, 

patterns, and concepts from participants’ accounts. MK developed an analytical coding framework by using the 

interview guides and listening to the recordings, applying open descriptive coding to transcripts, and 

considering the focus areas of acceptance, decision-making, and perceptions about XpertHIV. The coding 

framework was adapted and further developed as analysis progressed. Transcripts were imported into NVivo 11 

QSR software (QSR, Melbourne, Australia) for management and coding. Units of emerging themes for analysis 

were coded from Chichewa transcripts by two Chichewa speakers (MNN and MP) to optimise trustworthiness 

of interpretation and credibility. Using the coding framework, data was coded by grouping it against the relevant 

emerging analytical segment. The initial codes were then reviewed for accuracy by the researchers (MK and 

SH). We triangulated findings from caregivers and nurses to consider how their perspectives converged and 

diverged. This further enhanced the validity of data. Data has been presented as a descriptive narrative, 

supported by verbatim quotes. Pseudonyms are used to protect participants’ confidentiality. 

Patient involvement 

The public, especially mothers and caregivers of infants and children, were involved in some aspects of the 

study. The mothers and caregivers of children advised that posters about the study should not be put up in the 

out-patients department to avoid stigma. The pros and cons of different ways of dissemination of information 

including raising awareness of the study were discussed with them. We reviewed the results with the mothers 

and caregivers to obtain their perspectives and feedback to ensure that we presented the findings in the most 

effective way beyond the research community to public. 

Ethics 

Ethical clearance was sought from the College of Medicine Research Ethics Committee (COMREC) of the 

University of Malawi (P.03/18/2378),The Kamuzu University of Health Sciences and University College 

London Research Ethics Committee (13313/001). This qualitative study investigated caregivers’ and healthcare 

providers’ perspectives hence written informed consent was obtained from the parent/guardian of each 

participant under 18 years of age and health care providers. 

Results 

We interviewed a total of 60 caregivers and all 5 nurses in the outpatient department who were 

involved in the XpertHIV testing. Of the 60 caregivers, 58 (97%) were female and 57 (95%) were 

married and had a median age of 25 years (IQR: 22–34) (Table 1). Most caregivers (34/60, 57%) 

were housewives while some (18/60, 30%) were involved in small scale businesses. Four of the 5 

https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref019
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref020
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph-0001135-t001
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nurses who participated in this qualitative study were female and had a median age of 33 years (IQR: 

23–58) (Table 1). 

Table 1. Demographic characteristics of study participants. 

https://doi.org/10.1371/journal.pgph.0001135.t001 

 

Five main themes emerged from analysis of caregiver and nurse perspectives on the acceptability and 

appropriateness of XpertHIV at Mulanje district hospital. These have been divided into factors influencing 

XpertHIV EID-HIV acceptance and views about the appropriateness of this technology within a context of a 

national roll-out. 

Factors influencing acceptability of XpertHIV for EID-HIV 

To explore caregivers and healthcare providers acceptability of XpertHIV, we looked at factors that influenced 

end-user acceptance of XpertHIV for EID-HIV. Emerging themes have been presented in five groups namely 

caregivers’ motivations for accepting XpertHIV testing for EID-HIV; Trust in providers professionalism; 

Gendered engagements with XpertHIV and satisfactory turn-around-time. However, caregivers expressed 

certain fears toward XpertHIV procedures which in effect negatively affected the acceptability of the technology 

for EID-HIV. 

(a) Perceived benefits of EID-HIV. 

Caregivers were very protective of their young children and accepted their infants to undergo HIV testing using 

XpertHIV because of the perceived benefit of ensuring early HIV diagnosis and access to early treatment for the 

young children. They considered access to early treatment as valuable for a prospect of improved and better 

lifetime health. Caregivers agreed that their children needed ART treatment initiation immediately after 

diagnosis because to do so meant safeguarding current and future health and wellbeing of the child as illustrated 

in a quote below. 

“…if I am on antiretroviral therapy, my new-born child should receive ART as soon as possible.” 

[Caregiver 7, 43-year-old woman, child aged ~3 years] 

Most caregivers found EID-HIV satisfactory mainly because of their desire to have an expeditious HIV 

diagnosis of their children and to ensure that their children have a healthy life. Caregivers were very keen to 

access HIV testing for their young children to enable them to explore the best available options for prompt 

access to relevant healthcare follow-up after a positive result. A caregiver cited in a quote below was emphatic 

about prompt treatment of the child. 

“… using this method we can know the status of the child and how we can take care of him/her, access 

treatment if found infected, and if found negative how we can prevent.” 

[Caregiver 1, 25-year-old woman, child aged ~1 year] 

The obvious risk of the child contracting HIV from their mother living with HIV appeared as a strong incentive 

that drove caregivers to accept XpertHIV test despite their lack of understanding about potential routes of HIV 

acquisition among children but also the apparent prevailing denial/othering of potential sources of HIV infection 

in infants and young children: 

https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph-0001135-t001
https://doi.org/10.1371/journal.pgph.0001135.t001
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“…. children should be tested because children might have contracted HIV somewhere without their parents 

knowing. Because they play different games and with a wide range of objects.” 

[Caregiver 63, 25-year-old woman, child aged ~1 year] 

In a quote above, a mother living with HIV valued a prompt HIV test for her child through XpertHIV but 

removed the potential source of HIV infection for her infant from herself. This was possibly because of denial 

of the guilt of exposing an innocent child to HIV or mechanism for coping with a potential HIV-positive result 

for the child. 

Some caregivers also accepted their children to undergo a technologically advanced EID-HIV using XpertHIV 

as a tool for verifying own HIV status by proxy. In this context, caregivers seemed to distrust the routine lateral 

flow antibody test that are used in Malawi for HIV diagnosis in children aged >1 year. As such, some caregivers 

who had a positive test-result in their health passport described having tested negative previously and raised 

concerns about the possibility of them being in the window period when they were initially tested. They 

therefore accepted EID-HIV simply to confirm their HIV status. Thus, testing children generally was described 

by caregivers who distrusted previous HIV-positive results as a means through which own HIV status was 

ascertained: 

“Start with testing children because from there it is easy for adults to know their status.” 

[Caregiver 20, 25-year-old woman, child aged ~4 years] 

(b) Professionalism of health providers. 

Trust in the work and professionalism of nurses among caregivers was an important factor facilitating 

acceptance XpertHIV for EID-HIV at Mulanje district hospital. Trust in health care providers was linked to their 

perceived superior knowledge in HIV matters; perceived expertise among nurses in HIV diagnosis including 

conducting a venipuncture procedure in infants, and a sense of dependence on nurses as the gatekeepers to 

health services. It appeared to be supported by friendly communication and supportive practitioner-patient 

relationships. Several caregivers also described the importance of confidentiality, trusting that the nurses would 

maintain their privacy and look after their best interests. 

“People have faith in health workers because they [health workers] are the ones who provide help when 

someone is sick”. 

[Caregiver 68, 33-year-old woman, child aged 6 years] 

“Because the hospital staff know everything so they must be trusted.” 

[Caregiver 62, 40-year-old woman, child aged 3 months] 

The assumption that the second quote is making is that health care providers are equipped with sufficient 

knowledge and skills for providing health care that is in the interest of the patients. A complete trust in the 

ability of health care providers meant that the caregivers didn’t have sufficient power or authority to ask for 

more information in order to fully comprehend XpertHIV test for EID-HIV. 

(c) Gendered decisions-making. 

Study findings demonstrated gendered dimensions embedded within decision-making to accept or decline 

participation of a child in XpertHIV testing for EID-HIV. Most caregivers’ accounts alluded to men’s position 
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of influence within the household, as men held enormous amount of power for authorising HIV testing for any 

member of their household including the infant. During data collection, some health care providers observed 

that women caregivers were often describing the difficulties they experienced in discussing subjects pertaining 

to HIV testing services without consulting or seeking approval from their male partners. Making important 

decisions without the involvement of a male partner was viewed as a deviation from cultural norms as captured 

in a quote below: 

“I also feel it is because of the culture that says that decision making belongs to the man, and this causes 

[women] not to answer questions.” 

[nurse03 male, single, 23 years] 

Women caregivers felt that because of the social and household position that men hold, it is important to 

encourage them get involved in health-related matters including processes of testing for HIV among their 

children. Infusing in men the need to be involved in health-related matters is important to ensure that they 

shoulder the mantle of health issues and make progressive decisions including motivating women in health-

related matters as shown in this quote: 

“Men should be coming to the hospital with their families to get tested as the heads of the families and we 

should motivate them as women”. 

[Caregiver 37, 40-year-old woman, child aged 5 years] 

(d) Rapid turn-around-time of XpertHIV. 

The availability of same-day results was recognised by both the caregivers and health care providers as an 

important feature and benefit of EID-HIV using XpertHIV which is absent in the available routine approaches. 

Study participants argued that same-day results were essential in permitting speedy access to treatment, care and 

support for an HIV infected child. Caregivers were concerned that delayed initiation of treatment for HIV 

infected infants was likely to result into undesirable health outcomes. 

“[I want] Same-day, because you are waiting to hear how your child will be, so it’s important to know fast, to 

see how you will help the child.” 

[Caregiver 4, 20-year-old woman, child aged ~2 years] 

Same-day results also meant that caregivers were not living in suspense for prolonged periods before knowing 

about HIV status of their child. Waiting for test results for extended period of time and the linked uncertainties 

surrounding thus was said to be associated with stress, worry, and anxiety on the part of the caregiver. 

Caregivers felt that the long waiting time for test results was inconsistent with the expected turn-around time 

(TAT) of most routine tests and had the potential to undermine future acceptance of the test. 

“When we come for testing, we need to hear the results on the same day because we have worries about the 

possible results.” 

[Caregiver 1, 25-year-old woman, child aged ~1 year] 

An optimal turn-around-time of results through XpertHIV was thus considered to be consistent with the 

expectations of caregivers of receiving prompt health care when needed. Additionally, caregivers also described 

the risk of forgetting to return for test results after time has passed, which was said to influence disengagement 

from the EID-HIV cascade. 
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“Same day [is better], because when you get tested and time passes by you might forget.” 

[Caregiver 53, 24-year-old woman, child aged ~2 years] 

Nurses’ accounts echoed caregivers’ perspectives as they valued the quick turn-around time for results with 

XpertHIV. Apart from the benefit of prompt results given to the caregivers, health care providers felt that 

XpertHIV was advantageous because it supported them in performing their work. Use of this technology meant 

that caregivers were providing health care to children without delays on the basis of unavailable test results 

which are important for decision-making on whether to initiate treatment or not: 

“I feel good because this method is fast, and it will help us to save lives in time.” 

[Nurse01 female, married, 33 years]. 

(e) Caregivers fears and anxieties towards XpertHIV EID-HIV. 

Several caregivers expressed the importance of counselling for the caregiver to come alongside EID-HIV to 

address and provide support around service user’s fears surrounding the testing process. In this context, the 

perceived ‘counselling’ was often synonymous with information giving about XpertHIV. Providing sufficient 

information to caregivers about what they should expect with regard to the process that their child would 

undergo was said to be vital to ensure that they were sufficiently emotionally prepared and ready to undergo this 

process and for HIV results: 

“Doctors should offer counselling to reduce the person’s stress when waiting for the results.” 

[Caregiver45, 38-year-old woman, child aged 9 years] 

Caregivers expressed some negative perceptions that had the potential of undermining XpertHIV test acceptance 

for EID-HIV. These included concerns about process of drawing a large quantity of blood from a child and a 

potential physical harm/injury. Interestingly, the process of blood drawing using capillary sampling for 

XpertHIV EID-HIV test was comparable to that of DBS used for routine EID-HIV. The main concerns of 

caregivers were primarily centred on the quantity of blood that was drawn from an infant; the physical pain to 

the child from an intrusive procedure and the experience of recurrent struggles by nurses just to collect a blood 

sample. It is important to underline that the parent performance study demonstrated that nurses experienced 

difficulties in drawing blood sample from about 5% of children: 

“My concern is on the vein which blood is taken from, which is painful to a child.” 

[Caregiver 11, 30-year-old woman, child aged 4 years] 

“… my fear is the venous blood drawing. I am afraid of it leaving a wound on the puncture site.” 

[Caregiver48, 36-year-old woman, child aged 4 years] 

The first quote is about the pain that the child had to endure during XpertHIV testing while the second quote 

speaks of the potential for irreparable physical injury to the child. The nurses agreed that they sometimes 

experienced difficulties when performing venepuncture procedures to draw venous blood samples from infants 

and young children. They frequently described blood drawing as one of the key challenges of EID-HIV using 

XpertHIV testing procedures. 

“But it EID-HIV is a challenge when it comes to finding a vein in children under 6 years.” 
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[Nurse05, female, married, 28 years]. 

As expected for Mulanje and the Malawi context broadly, some caregivers had great concerns about what 

happened to the infant’s blood once it was drawn. Care givers seemed to be uncertain and worried about the 

additional use of the blood or procedures that ensued after the HIV test. These fears seemed justified 

considering that caregivers had previously tested using the routine rapid antibody test that uses a small sample 

of blood to make an HIV diagnosis. To the caregivers, the quantity of blood samples that had been drawn from 

their infants and children was felt to be too much for a simple test. They seemed to feel that there was an added 

sinister use of the blood sample as shown in this quote: 

“I have great concern with where the blood goes after being taken.” 

[Caregiver06, 30-year-old woman, child aged 9 years] 

“My problem is with the amount of blood taken and what they do with it.” 

[Caregiver56, 25-year-old woman, child aged 9 years] 

Fears expressed in the second quote emerged largely because most of the caregivers had prior knowledge and 

experience of the amount of blood needed for an HIV test using the routine rapid antibody tests in adults. 

Appropriateness of XpertHIV EID-HIV in scaled contexts 

Collectively, the caregivers and HCWs considered XpertHIV as appropriate for Malawi and proposed the need 

for scaling-up its availability even at a primary health facility level. Caregivers especially felt that making 

XpertHIV testing available at the primary health facility level was likely to be received with great appreciation 

by community members. They cited several potential benefits of scaling-up the implementation of XpertHIV 

testing in the primary health facilities and rolling-out this programme nationally such as increased access to HIV 

services and shorter walking distances to accessing HIV tests for infants. 

“We would be happy because the HIV testing service has come closer to us, unlike accessing it from a long 

distance.” 

[Caregiver04, 20-year-old woman, child aged ~2 years] 

Caregivers held varied and sometimes divergent perspectives regarding affordability and scalability of 

XpertHIV. Some felt the Ministry of Health (MoH) would be very interested in this technology on the account 

of excellent turn-around- time of results and because it can be operated by non-lab healthcare providers. They 

also indicated that scaled implementation of XpertHIV could reduce the existing burden and linked logistical 

problems associated with the available approaches for providing EID-HIV: 

“The ministry of health will be interested because the whole process is very fast” 

[Nurse01 female, married, 33 years] 

Other nurses considered availability of resources as a key determinant of whether the government could afford 

to scale up XpertHIV countrywide and sustain implementation in health facilities. This group of health care 

providers recognised inadequate financial and human resources as key potential barriers to implementation of 

the XpertHIV testing approaches to scale. They also expressed that Malawi as a country was already struggling 

financially in providing adequate support to health facilities as demonstrated through current and previous 

experiences while working at the government health establishments. 
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“Considering the financial difficulties facing the country today, I think it would be hard for the government to 

purchase equipment.” 

[Nurse01 female, married, 33 years]. 

Despite these potential barriers to the implementation of XpertHIV, healthcare providers highly valued the use 

of XpertHIV specifically citing ease of use to providers and timely results as key selling points for this 

technology. Usability data collected from 7 laboratory technicians were favourable and showed XpertHIV as an 

appropriate technology for this context. All the laboratory technicians found the XpertHIV user-friendly, had a 

quick TAT of results compared to the existing EID-HIV testing approaches, and did not experience power 

supply problem during implementation. Most of the laboratory technicians (5/7) narrated that the Cepheid 

GeneXpert instrument and XpertHIV assay was easy to use and all equipment together with reagents were 

readily available in Malawi. Most of the laboratory technicians [5/7] expressed a view that XpertHIV should be 

adopted at Mulanje District Hospital. Only 2 laboratory technicians felt that the introduction of XpertHIV at 

their hospital would increase their workload and preferred sending samples to another facility for testing. 

Considering the ease of use of XpertHIV, all laboratory technicians agreed that XpertHIV should be adopted 

and deployed in district hospitals all across Malawi. They maintained that scaling up XpertHIV would not be 

very difficult for the government to achieve since GeneXpert equipments are already available in most 

laboratories of most district hospitals in Malawi. However, this move may require procurement of additional 

Cepheid GeneXpert equipments for use in facilities where these equipments are non-existent or to replace non-

functional machines. It would also require speedy training for both new and existing health personnel on usage 

and maintenance of this technology. 

“Yes, we need a lot of time for orientation because someone new needs to be properly trained.” 

[Nurse01 female, married, 33 years]. 

Discussion 

This study that explored perspectives towards the introduction of XpertHIV that uses whole blood sample for 

EID-HIV has qualitatively demonstrated acceptance of XpertHIV for EID-HIV. Caregivers accepted EID-HIV 

using XpertHIV mainly because of their desire to protect their young children from HIV through early diagnosis 

and subsequent prompt access to ART. In this case, testing through XpertHIV was employed as a gateway to 

knowledge of a child’s status, treatment, and support. These findings are similar to what another study from 

Lesotho reported that early knowledge of children’s HIV status was the primary motivator for caregivers to 

accept EID-HIV [21]. In the same way, some caregivers in this study also accepted EID-HIV for their children 

to confirm their own HIV status by proxy, reverberating similar findings from South Africa [17]. 

Trust, as shown by this study, is essential for acceptance of health interventions or other therapeutic encounters 

by caregivers which was also reported elsewhere [22]. For example, findings from research on cancer has 

highlighted how trust shapes patients’ engagement with treatment and health care services [23]. While we found 

that trust in healthcare providers professionalism and skills to collect whole-blood sample appeared to positively 

shape caregivers’ acceptance and engagement with EID-HIV using XpertHIV, it would be important to 

critically examine instances where practitioner-patient relationships are not perceived as positively as has been 

described in other settings [24]. Whilst blood sampling with its associated pain and fear of scarring was of 

concern by some caregivers in this study, and the amount of blood drawn from an infant and worry about 

potential clandestine use was another major concern. This finding signifies a disconnect between trust in 

practitioners and trust in the system by some caregivers, as the routine DBS and XpertHIV assays require blood 

sampling and if capillary sampling fails, venous sampling is done therefore this will not be unique to XpertHIV. 

https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref021
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref017
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref022
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref023
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref024
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Despite these anxieties, XpertHIV testing using whole-blood-sample was still acceptable to caregivers and 

healthcare providers since they perceived the benefits of knowing the HIV status of the child to outweigh the 

underlined concerns. 

Healthcare providers and caregivers’ experiences with a novel XpertHIV for EID-HIV that uses whole-blood-

sample was followed with perceptions that the use of this diagnostic technology was agreeable and satisfactory. 

The study has also shown that the introduction of XpertHIV that uses whole-blood-sample was perceived to be 

relevant and compatible to addressing the current challenges that the hospital experiences with EID-HIV. 

Interestingly, acceptance of XpertHIV EID-HIV using whole-blood-sample by caregivers was shown to be 

influenced by household power and gender dynamics as male partners involvement was key in decision-making 

processes around uptake. Within the Malawian context, men are generally viewed as primary decision-makers 

for the household including making decisions about the health of children such as HIV testing. Thus, the lack of 

engagement of men in health programmes and interventions can be a strong barrier to uptake of health services 

by other family members. Kumwenda and colleagues [25] for example, reported that men were more likely than 

women to fear testing for HIV with their partner using a novel HIV test because a positive result had the 

potential to expose their status and subsequently render them vulnerable to blame and accusation for introducing 

HIV into their relationships [25]. The position of influence for men at household level can enable or 

disempower caregivers, usually women, to seek EID-HIV for their children. A study in Kenya described 

supportive roles men can adopt accordant with cultural conceptions of masculinity, which can still facilitate 

infants’ uptake of EID-HIV [26]. There is a need to further investigate the role of household gender and power 

dynamics in decision making processes on health-related matters and identify optimal approaches for engaging 

male partners in HIV diagnostic services for their children using innovative and technologically advanced 

strategies such as XpertHIV. 

A quick TAT using XpertHIV that use a whole-blood-sample was shown to ease some of caregivers’ anxieties 

linked to long waiting time for test results and problems associated with making follow-up. Healthcare 

providers also found XpertHIV using a whole-blood-sample to address logistical nightmares linked to 

transportation of samples to a secondary testing site. Other settings have also reported elevated levels of 

caregivers’ anxiety while waiting for test results of their children, which are exacerbated by mothers’ feelings of 

responsibility for the test outcome, including guilt related to the chance of an innocent child testing positive for 

HIV [16]. 

Although caregivers perceived XpertHIV using a whole-blood-sample as appropriate for their district hospital, 

they held varied and sometimes divergent views about affordability and scalability or national roll-out of 

XpertHIV based on their understanding of the infrastructural and cost implications of scaled implementation. 

Through their experiences in working within the Malawian health system, health providers expressed concerned 

about resource availability and supply chain to support scaled implementation of XpertHIV using a whole-

blood-sample. This is primarily because Malawi is among the poorest countries, ranking 164th out of 177 on the 

UNDP Human Development Index (HDI) [27] and her economic progress has stagnated since 1990 largely due 

to the negative impact of HIV/AIDS, poverty and illiteracy [27]. Having such a fragile economy makes it 

difficult for the country to financially support scaled implementation of health interventions that are costly. 

However concerns regarding battery power back up associated with the XpertHIV testing were also raised by 

other health workers in other studies [13]. 

The strength of this study was that it was conducted in a context where XpertHIV using a whole-blood-sample 

was novel to both nurses and caregivers, thereby offering an opportunity to explore perspectives on its 

acceptability and appropriateness. These findings may change overtime as the XpertHIV tests for EID-HIV 

using a whole-blood-sample becomes more available. The sample size of 60 caregivers was sufficient because 

the study attained saturation of information noticeable through repetition of themes, and thus providing the 

confidence that the findings were robust. Furthermore, the high proportion of mothers included as caregivers 

https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref025
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref025
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref026
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref016
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref027
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref027
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001135#pgph.0001135.ref013
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was representative of the clinical context where women are observed to take a leading role in providing support 

to family members when ill. 

The study included only 5 healthcare providers who were all nurses who were involved in the parent study. The 

insights provided by these nurses were sufficient for the purposes of this study. Caregivers may have associated 

the interviewers with the health workers who were responsible for provision of health services, which could 

have influenced their accounts however we probed more to gather the most narratives. 

Conclusions 

This study has provided useful insights about the introduction and implementation of a novel XpertHIV using a 

whole-blood-sample through caregivers’ and healthcare providers’ experiences following their engagement with 

this technology. 

EID-HIV through XpertHIV that use a whole-blood-sample was acceptable among both caregivers’ and 

healthcare providers for a variety of reasons including protecting the health of a child and confirming one’s HIV 

status by proxy. Future scaled implementation of EID-HIV through XpertHIV using a whole-blood-sample 

would require addressing the barriers to uptake including pre-existing fears about blood taking and trust in the 

use of blood samples. The caregivers emphasised the need for pre and post counselling to prepare them for 

XpertHIV testing, acceptance of test results and linkage to HIV care if their infants and children are diagnosed 

with HIV infection. 

XpertHIV was also deemed appropriate for a rural district hospital among both caregivers’ and healthcare 

providers due to its prompt turn-around-time of results when compared to the existing diagnostic approaches, 

simplicity and ease of use by less skilled health providers. Healthcare providers made strong recommendations 

for scaled implementation across the country because of these benefits. XpertHIV has great potential for 

improving early HIV diagnosis among infants in resource constrained settings however prior to national roll-out 

of XpertHIV, resource and supply implications should be considered to ensure XpertHIV access is universal and 

sustainable. 

Recommendation 

This intervention is important for scale up however governments, policy makers and programme planners 

should have information about caregivers’ and healthcare providers’ experiences and engagement with 

XpertHIV using a whole-blood-sample and why it’s necessary to improve TAT as per findings of this 

qualitative study. There should also be enough heath workers in paediatric outpatient setting and wards where 

HIV testing of infants and children occurs. 

Since this was a process evaluation of implementation research on XpertHIV using whole blood, we made 

recommendations in the main paper. 

More implementation studies to assess engagement with XpertHIV in other sites nationally and in the region 

should be conducted whilst scaling-up this intervention. 

S1 Table. Codebook. 

https://doi.org/10.1371/journal.pgph.0001135.s001 

 

S1 Text. Interview guide for caregivers. 

https://doi.org/10.1371/journal.pgph.0001135.s002 

 

https://journals.plos.org/globalpublichealth/article/file?type=supplementary&id=10.1371/journal.pgph.0001135.s001
https://doi.org/10.1371/journal.pgph.0001135.s001
https://journals.plos.org/globalpublichealth/article/file?type=supplementary&id=10.1371/journal.pgph.0001135.s002
https://doi.org/10.1371/journal.pgph.0001135.s002
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S2 Text. Interview guide for health workers. 

https://doi.org/10.1371/journal.pgph.0001135.s003 

 

S1 File. Caregivers’ transcripts. 

https://doi.org/10.1371/journal.pgph.0001135.s004 

 

S2 File. Health workers and caregivers’ transcripts. 

https://doi.org/10.1371/journal.pgph.0001135.s005 
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