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ABSTRACT

Studies with 2,458 clinical isolates of Haemophilus influenzae 
collected from UK laboratories during 1986 are described. The 
prevalence and epidemiology of antimicrobial resistance was compared 
with that in eight European countries as determined by a multi-national 
survey. Resistance was analysed with reference to difficulties in 
identification of the species and determination of susceptibility. 
Mechanisms mediating resistance were investigated.

Results from studies with this large collection of isolates often 
confirmed previously published observations. Beta-lactam susceptibility 
of 100 isolates possessing non-beta-lactamase-mediated resistance to 
ampicillin was variable in pattern and degree. Outer-membrane and 
penicillin-binding protein profiles of resistant wild-types and 
transformants showed variable agreement with other reports. Biochemical 
characterisation of chloramphenicol acetyltransferases (CATs) from 
42 resistant isolates showed that they resembled Type II enterobacterial 
enzymes.

New information was gathered on prevalence and mechanisms of 
antimicrobial resistance. Carbapenem activity was shown to be 
maintained against most ampicillin-resistant beta-lactamase negative 
isolates and transformants which were of reduced susceptibility to other 
beta-lactams. Exposure to increasing concentrations of ampicillin 
selected for mutants with non-beta-lactamase-mediated resistance. 
Type II CATs from H.influenzae and enterobacteria produced only 
monoacetylchloramphenicol while Types I and III enzymes produced 
diacetylated drug at pH 6.8 and pH 7.8 in contrast with previous
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reports. Polyacrylamide gel electrophoresis was used to separate 
biochemically characterized dihydrofolate reductases (DHFRs) from 
trimethoprim-resistant wild-types, mutants and transformants. Results 
indicated that overproduction of DHFR might be the mechanism of 
resistance.

Data accumulated was used to make recommendations regarding 
optimal methods for identification of the species and determination of 
susceptibility in routine diagnostic laboratories. Temporal changes and 
geographical differences in the prevalence of antimicrobial resistance 
were considered in making suggestions for appropriate therapy of 
invasive and non-invasive H.influenzae infections. It was concluded 
that newly-developed agents must increasingly replace the more 
traditional antimicrobials as the prevalence of drug resistance in the 
species continues to rise.
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1.1 Recognition of Haemophilus influenzae as a human pathogen
During the influenza pandemic of 1889-1892, a strong association 

was noted between the occurrence of pneumonia and the presence of small 
Gram-negative rods in sputa collected from such patients. In 1892, 
Pfeiffer named the bacterium Haemophilus influenzae on the basis of its 
cultural requirement for blood and its presumed role in causation of 
influenza. After the publication of the discovery of the influenza 
virus in 1933, the name was so well established that it was retained.

By the time its importance in influenza was discounted, Pittman 
(1931) had already recognised that the species H.influenzae could take 
two forms - encapsulated or non-capsulate. From epidemiological data 
she pointed out that the presence of capsular material was associated 
with ability to produce invasive infections and the typing system she 
described demonstrated that the nature of the type b capsular 
polysaccharide seemed to be an important determinant of virulence. 
Observations that followed confirmed early suppositions that the type b 
encapsulated organisms were responsible for over 95% of invasive 
infections (Turk, 1982).

The haemin- and NAD-requiring species that were later placed in the 
genus Haemophilus were reviewed by Kilian in 1976. The species
H.influenzae was defined as consisting of those organisms unable to 
synthesise either haemin or NAD which were both non-haemolytic and non- 
C02-requiring. Interest in the further characterisation of H.influenzae 
was revitalised following Kilian's description of biotypes, their 
association with site of isolation and the strong correlation between 
the biotype I group and possession of a capsule, particularly of type b. 
Re-organisation of the genus also aided recognition of the human

17



pathogenicity of other species such as the association between 
E.aphrophilus and endocarditis. Few other species appear to produce 
infection in immunocompetent human hosts although many are important in 
veterinary medicine. *

Most life-threatening type b infections are seen in children under 
the age of two years with sporadic cases in older children and adults. 
Variations in incidence occur according to ethnic groups (Granoff and
Munson, 1986). The precise defects in the immune system that are
responsible for these epidemiological patterns are still awaiting 
complete elucidation but appear to be related both to immaturity and to 
linkages between immunocompetence and immunoglobulin allotypes (Weinberg 
and Granoff, 1988). Type b organisms are predominantly implicated in 
meningitis, septicaemia, septic arthritis, pneumonia and empyema, 
epiglottitis and cellulitis (Moxon, 1985) but may also be found in 
specimens taken from patients with non-invasive infections such as 
otitis media, sinusitis and chest infections. Similarly, although non- 
capsulates are predominantly responsible for the latter group of
infections (Makela, 1988) they may be responsible for invasive diseases
as discussed below. Organisms possessing capsules other than type b are 
uncommon and vary greatly in their virulence and their genetic 
resemblance to the type b group (Musser et al., 1988).

Attempts have been made to explain the clinical demarcation between 
type b and non-capsulate organisms by examining their biochemical and 
genetic relationship. Crisel et al. (1975) established that the type b 
capsule consisted of polyribosyl ribose phosphate (PRP). Hoiseth et al. 
(1985) determined that the spontaneous frequency of loss of type b
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capsule expression was very high, leading to much speculation about the 
relationship between the resulting capsule-negative forms and the non- 
capsulates isolated from clinical specimens. These authors reported the 
finding of a few non-capsulate clinical isolates which possessed a 
portion of the cap b locus as shown by hybridization with a 4.4 Kb probe 
to part of this sequence. In addition, Hoiseth and Gilsdorf (1988) 
found that whereas only four of 34 patients with meningitis were 
carrying non-capsulate organisms in the nasopharynx, two of these 
isolates were of the same outer membrane type as the disease-producing 
type b from the same patients. Southern hybridization demonstrated that 
these two non-capsulates possessed part, but not all, of the cap b 
locus. The other two H.influenzae} which differed in OMP types from the 
type b organisms simultaneously isolated, contained no part of the 
locus.

Further elucidation of the structure of the cap b locus has 
demonstrated that it contains duplicate copies of a 17 Kb DNA fragment 
of which only one is necessary for capsule expression provided that it 
is accompanied by a 9 Kb bridge region that normally lies between the 
duplications (Kroll and Moxon, 1988). The importance of the bridge 
region is due to a 1.3 Kb section which is crucial to capsule 
expression. For example, the non-capsulate isolates studied by Hoiseth 
et al, (1985) failed to hybridize with the 9 Kb probe for the bridge 
region while apparently containing part or all of the capsule-encoding 
sequence. The function of the 1.3 Kb fragment may be to code for a 
transport protein which effects export of synthesized PRP from the 
cytoplasm to the exterior (JS Kroll, personal communication).
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There is, however, much evidence against the view that the majority 
of non-capsulates arise from spontaneous loss of capsule expression by 
type b organisms. Although non-capsulates of biotype I are not 
uncommon, more than 80% of type b organisms are of this biotype (Kilian, 
1976; Oberhofer and Back, 1979). In addition, Musser et al. (1986) 
showed by enzyme electrophoretic typing (EET) that there was a marked 
distinction between type b and non-capsulate genotypes as had already 
been suggested by OMP analyses (Barenkamp et al., 1982). In addition, 
EET demonstrated that there was considerable genetic heterogeneity even 
among type b isolates. Subgroups which lack virulence have been 
identified while organisms of capsule types a and d appear to share EET 
clustering with virulent type b groups only when isolated from CSF 
(Musser et al., 1988). This clustering had also been indicated 
previously by OMP profiles (Barenkamp et al., 1981a; b).

Numerous surveys of the prevalence of antimicrobial resistance have 
established the need to distinguish type b isolates from non-capsulates 
due to the higher prevalence of beta-lactamase production among the 
former (Philpott-Howard and Williams, 1982) and, in some countries, to 
differences with regard to other antimicrobials (Campos et al., 1986). 
To date, no association between resistance among type b H.influenzae and 
any one subdivision system has been shown. In contrast, epidemiological 
studies of the prevalence of different subtypes of type b organisms have 
demonstrated that there are geographical variations in homogeneity of 
types (van Alphen et al., 1983a; Musser et al., 1986) and that certain
subtypes, particularly 1H, appear to be more virulent (Barenkamp et al.,
1981a). Indeed the increasing prevalence of the 1H subtype among USA
isolates has correlated with increasing risk of invasive disease
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(Barenkamp et al., 1983) but this change has not been directly linked 
with either temporal or geographical differences in antimicrobial 
resistance.

Early attempts at type b vaccine production were given impetus by
the emergence of antimicrobial resistance and utilised the antigenicity
of PRP. The first trials took place in Finland as early as 1974
(Peltola et al,, 1977). It soon became evident, however, that although 
protective antibody levels were achieved in those over two years old, 
the age group at highest risk of disease (<18 months) responded poorly 
or not at all to the antigen (O'Reilly et al,, 1975). Following 
recognition that noncapsular antibodies also conferred protection 
against experimental type b infections (Shenep et al,, 1983), several 
alternative R.influenzae-derived antigens that might be incorporated 
into vaccines have been examined. The most promising single antigen for 
this purpose is the Mr 16,000 OMP (P6) found on all H.influenzae, P6 is 
a highly conserved, surface-exposed antigen which is a target of human 
bactericidal antibodies (Nelson etal., 1988). Development of new 
vaccines is considered in Chapter 7.

Pathogenicity of non-capsulate organisms has not been ignored but
far less attention has been drawn to mechanisms involved in production 
of non-invasive infection. May and Oswald (1956) reported that non- 
capsulate H.influenzae were the most commonly implicated bacteria in 
infective exacerbations of chronic obstructive airways disease (COAD). 
Many workers including May (1972) and Currie et al. (1987) found that 
bacterial numbers and sputum purulence decreased in parallel following 
treatment with ampicillin or amoxycillin. However, the role of the non- 
capsulate organism in exacerbations is not confined to increasing the
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purulence, and hence viscosity, of sputum. A cessation of ciliary 
movement and sloughing of ciliated cells accompanies epithelial 
colonisation by the species (Makela, 1988). Sheinman et al. (1986)
produced evidence to suggest that histamine was manufactured by the 
organism in the respiratory tract so aggravating inflammation and airway 
constriction. In addition, van der Zwan et al. (1975; 1982) reported
that a biphasic immune reaction occurred to some antigens on the 
organism effecting a lowering of the histamine threshold in receptor 
sites.

Non-capsulate organisms are occasionally responsible for invasive 
infections. Van Alphen et al. (1987a) reported that 55% of cases of
H.influenzae meningitis in Dutch patients more than six years old 
involved non-capsulates, compared with only 1.2% of isolates from
similar cases in younger patients. OMP and lipopolysaccharide (LPS)
subtypes of the type b isolates collected did not show any significant
differences between age groups and were predominantly of one type only. 
In contrast, non-capsulates were found to be a very heterogeneous group 
on typing by these methods.

In more than half the cases of meningitis due to non-capsulates, 
patients had predisposing factors, mainly due to CSF leaks following 
head trauma (Bol et al.f 1987). The likelihood of such a predisposition 
increased with age of the patient at presentation and was strongly 
associated with a risk of recurrent episodes of infection. Therefore, 
it seems that non-capsulate organisms are generally incapable of 
producing meningitis in the presence of normal meninges and
immunocompetence. Whether this difference within the species is
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entirely due to lack of capsular material or whether there are other 
determinants which may or may not be linked to possession of a complete 
cap b locus is unclear but the variable virulence found among type b 
isolates is in favour of the latter possibility.

For example, piliation is commonly implicated as an important 
virulence factor among Gram-negatives. Mason et al. (1985) concluded
that piliation was not important in nasopharyngeal colonisation by 
type b isolates. While both van Alphen et al. (1988) and Lipuma and 
Gilsdorf (1988) reported that pili-directed antibody inhibited adherence 
in vitro, Loeb et al. (1988) suggested that non-piliated type b isolates 
could adhere by other unidentified mechanisms. Moxon (1985) has 
suggested that LPS differences, OMP subtypes and a capacity to produce 
Igk^ protease may be important. The role of pili in virulence of non- 
capsulates is even less clear but Karasic et al. (1987) claimed that 
protective antibody followed vaccination of purified pili in animals. 
Clancy et al. (1985) reported encouraging results from a trial of an 
oral, killed vaccine of non-capsulate organisms in short-term prevention 
of infective exacerbations of COAD.

Knowledge of the likelihood of an infection being due to either 
type b or non-capsulate H.influenzae, based on the conclusions of the 
studies discussed, is helpful if the causative organism has not yet been 
isolated but the infection seems very likely to be due to this species 
and therapy must be commenced immediately. In particular, the first- 
line therapy of illnesses which present clinically as type b infections 
depends heavily on information regarding the local prevalence of 
resistance among circulating subtypes. Appropriate early therapy is 
especially important in infantile meningitis due to recognition that the
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infection is associated with a high risk (up to 30%) of neurological 
sequelae (Taylor et al,f 1984). Intra-species and geographical 
differences in the prevalence of resistance are explored in Chapter 3.

1.2 Determination of the prevalence of antimicrobial resistance 
Recognition of antimicrobial resistance

Alexander Fleming (1929) noted that the antibacterial activity of 
Penicillium cultures did not inhibit growth of H.influenzae. Hence the 
species has been of longstanding interest in the field of chemotherapy. 
As each new agent was introduced, the species was found to be either 
susceptible or resistant. The earliest agents found to be of use were 
the sulphonamides (1936) followed by chloramphenicol and tetracycline in 
1948. Assessment of susceptibility to erythromycin has been difficult 
due to factors discussed in 1.4 and Chapter 3 but is probably best 
described as borderline. The introduction of the aminopenicillin, 
ampicillin, in 1961 was followed by its widespread use as first-line 
agent against the organism in invasive and non-invasive infections.

For many years after their introduction, response of H.influenzae 
to these agents was so predictable that routine determination of 
susceptibility among clinical isolates was rarely performed. This 
situation changed rapidly following reports of the first clinically- 
detected therapeutic failures, including cases of uncontrolled 
meningitis in young children.

Susceptibility testing and results of national surveys of resistance
There has been intense interest and a vast expansion of the 

literature concerning susceptibility testing methods as applied to
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H.influenzae during the last decade. Direct comparison of 
susceptibility testing results reported in studies carried out at 
various centres cannot be made without consideration of the factors 
known to have a crucial effect on the apparent in vitro resistance of 
this species to many antimicrobial agents. These factors fall into two 
categories.

Firstly, final published figures must be interpreted in the light 
of knowledge of the method of collection and the characteristics of the 
isolates studied. Some national figures have come from centres of 
reference which received a biased sample of H.influenzae, forwarded 
because of their antimicrobial resistance and/or the type of infection 
produced. Other reports have come from collections at paediatric 
institutions containing disproportionate numbers of type b isolates for 
which separate results have not always been provided. Figures from 
clinical laboratories have reflected the large number of respiratory 
tract isolates normally handled in routine diagnostic work.

As will be discussed in Chapter 3, any form of pre-selection must 
influence the end results. Evaluation of intra- and international 
differences should ideally be confined to comparisons of like 
populations. However, this is rarely feasible given the variations in 
organisational methods employed by studies published to date. Despite 
these problems, there can be no doubt that real geographic differences 
do exist although the reasons for these are not clear. For example, 
during a recent multi-centre USA study of consecutively collected 
isolates, Doern et al. (1988) noted a variation in prevalence of beta-
lactamase production among type b isolates that ranged from <10% to >90%
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between different states. Sample populations were said to be reasonably 
similar, prescribing practices varied little and identical 
susceptibility testing methods were used. Clearly, the overall national 
figure (32%) produced by these authors has little meaning when such 
major differences have been identified within the country.

Secondly, there are numerous problems in identification and 
susceptibility testing of H.influenzae. It is not always possible to be 
sure that reported figures are based on isolates which have been fully 
characterized. Even where criteria of identification have been clearly 
stated, Kilian (1976) and many others have pointed out several pitfalls 
in commonly adopted methods such as XV disc satellitism. Susceptibility 
testing methods described have varied in media, inoculum size, disc 
concentration, atmosphere of incubation and interpretation. All these 
factors affect the answer obtained as summarised by Williams and Rattan
(1978). Numerous publications on the subject have often disagreed
regarding recommendations for susceptibility testing although all have 
pointed out the considerable effect on apparent in vitro susceptibility 
exerted by differences of one or more of these methods between reporting 
centres.

Therefore it is crucial that published studies should contain full 
information on population studied, characterization and laboratory 
methods so that the reader may identify possible areas where differences 
in reported figures may be partly attributed to factors of selection and 
testing of isolates. Nevertheless, in discussing both these areas of
potential bias in Chapters 3, 4 and 5 it will become clear that the
prevalence of resistance in E.influenzae has changed with time and that 
some countries are experiencing major problems due to limits in the
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choice of therapy available for both invasive and non-invasive 
infections.

The importance of detecting increases in the prevalence of resistance
By the mid-1980s, type b and non-capsulate Jl.influenzae resistant 

to three or more antimicrobial agents had been reported from many 
countries, as detailed in Chapter 3. The commonest pattern, for reasons 
stated later, has been that of resistance to chloramphenicol and 
tetracycline accompanied by production of beta-lactamase (with or 
without resistance to the antifolates). As multi-resistance to the more 
traditional agents emerged, new agents were introduced. For example, 
the cephalosporins, beta-lactamase inhibitors and, more recently, 
carbapenems and monobactams circumvented the problems of beta-lactamase 
production and, as described in Chapter 4, are often highly active in 
vitro.

As antimicrobial resistance has increased, the establishment of 
guidelines on which choice of therapy can be based has become very 
important. Determination of the degree of susceptibility of normal- 
state organisms of the species to an agent is necessary to evaluate its 
likely usefulness. Measurement and intermittent surveillance studies of 
the prevalence of resistance are important to monitor introduction into 
the species of specific genes encoding resistance, to detect any 
selection pressure on organisms resistant by means of chromosomally- 
encoded alterations and to identify any cross-resistance conferred by 
either of these events. The application of these data then requires 
consideration of the pharmacokinetic and toxicological factors which are 
not investigated in this study but are discussed in Chapter 7 in
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relation to the results presented in Chapters 3 to 6 and according to 
the type of infection to be treated.

1.3 Resistance to beta-lactams 
Advent of beta-lactamase production

Following its widespread marketing in the 1960s, ampicillin was 
quickly adopted as first choice therapy for both invasive and non- 
invasive H.influenzae disease. Type b infections which had not 
responded to ampicillin therapy prompted the earliest reports of 
resistance to this antimicrobial agent (Gunn et al.f 1974; Khan et al., 
1974; Williams and Cavanagh, 1974). Such resistance was attributed to 
enzymic degradation of ampicillin by Williams et al. (1974). Sykes et 
al. (1975) determined that beta-lactamases derived from 15 UK and USA 
isolates were similar in substrate profile to the type Ilia enzymes 
produced by some ampicillin-resistant E.coli. Iso-electric focussing of 
six enzymes showed that their isoelectric points were identical to that 
of the TEM-1 enzyme.

Medeiros and O'Brien (1975) also established that the enzymes 
present in some early beta-lactamase-producing E.influenzae were TEM- 
like in character. In addition, they recognised the immense effect that 
a small change in inoculum size had on the MIC of ampicillin and 
considered that this was a reflection of the minimal penetration barrier 
to beta-lactams afforded by the outer membrane of E.influenzae. Thus 
the protective effect on individual cells gained by beta-lactamase 
production was far less for E.influenzae than for E.coli, in which 
penetration of ampicillin through the outer membrane to its target sites 
was considerably slower. Confirmation was provided by comparison of
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beta-lactam hydrolysis rates by intact and sonicated cells by Coulton et 
al. (1983) which led to the conclusion that the outer membrane of an 
ampicillin-susceptible type b isolate studied was highly permeable to a 
wide range of penicillins and cephalosporins.

Gene location and transfer
De Graaf et. al. (1976) found that the transposon coding for beta- 

lactamase production in some of the earliest ampicillin-resistant 
E.influenzae identified could be located on either large or small 
plasmids (Mr=30 x 106 and 3 x 106 respectively) which were otherwise 
unrelated in their nucleotide sequence. Elwell et al. (1977) 
demonstrated that large R plasmids in three E.influenzae isolates from 
different countries bore different resistance genes but shared a 
significant (65%) portion of their sequence. These authors proposed 
that either plasmids of one incompatibility group were very common in 
this species or that different resistance genes, including TnA, had 
translocated to a common large resident plasmid.

In support of this hypothesis, Chen and Clowes (1987) showed that 
whereas small plasmids from E.influenzae and Neisseria gonorrhoeae 
carried almost identical transposon sequences coding for TEM-1 enzymes 
they were quite different in structure in other areas. A third type of 
novel resistance plasmid of 10 Kb size has now been reported in the 
species (Piffaretti et al., 1986). In the two instances described, 
these plasmids carried a TEM-1-encoding Tn2-like sequence similar to 
that found in many Gram-negatives. However, they were otherwise 
unrelated to the large and small plasmids previously described in 
E.influenzae and to those found in N.gonorrhoeae and E.coli.

29



Several workers have concluded that the genes encoding beta- 
lactamase production and resistance to several other antimicrobials in 
this species are not always situated on extrachromosomal DNA. Murphey- 
Corb et al. (1984) failed to detect extrachromosomal DNA in 43 of 
66 beta-lactamase-producing E.influenzae. The plasmid-free isolates 
conjugally transferred resistance to an ampicillin-susceptible recipient 
at a lower freguency than their plasmid-containing counterparts but 
offspring of both types of donor contained extrachromosomal DNA as 
single bands of Mr=30 x 106. By restriction enzyme analysis and 
Southern hybridization techniques, entire plasmid seguences were 
detected within the chromosome of four plasmid-free beta-lactamase- 
producing type b isolates. Mendelman et al. (1985) also found that 
while 29 of 36 Alaskan beta-lactamase-producing E.influenzae type b were 
plasmid-free, many of the resistant transconjugants obtained harboured 
extrachromosomal DNA suggesting that chromosomal integration and 
excision of plasmids had occurred. Further examples and documentation 
of chromosomal integration are discussed in Chapter 5.

The increase in the UK prevalence of beta-lactamase production from
1.6% in 1977 (Howard et al., 1978) to 5.8% in 1981 (Philpott-Howard and 
Williams, 1982)) and the rises in resistance detected in these two 
national surveys to some other antimicrobials suggests that transposable 
elements are easily spread in E.influenzae. As will be seen in 
Chapter 4, the species has specialised mechanisms for direct uptake of 
DNA. An hypothesis which implicates transformation in cell to cell 
transfer of gene sequences as an alternative to carriage by conjugative 
plasmids is attractive but it is not known to what extent this process 
may be occurring in vivo.
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Beta-lactamases produced by E.influenzae
Production of a TEM-1 beta-lactamase is the predominant but not the 

sole mechanism of ampicillin resistance in E.influenzae. In 1981, Rubin 
et al. reported the presence of a novel beta-lactamase, later called 
ROB-1, in a type b isolate causing meningitis. The enzyme was not 
detected by the initial cell suspension chromogenic cephalosporin assay 
but did produce a positive result when this was repeated using a very 
heavy inoculum. Iso-electric focussing demonstrated that ROB-1 had a 
very different pi (8.1) from that of TEM-1 (5.4) and slightly different 
beta-lactam hydrolysis rates. Production of the novel enzyme was lost 
following curing of a similar-sized plasmid identified in both blood and 
CSF isolates from the patient.

A possible source for ROB-1 was suggested when Medeiros et al. 
(1986) discovered that ampicillin-resistant E.pleuropneumoniae, a swine 
pathogen, also produced this enzyme and that the plasmids encoding ROB-1 
in both Eaemophilus species were closely homologous. The prevalence of 
ROB-1 production is unknown but has occasionally been found, as has TEM- 
2 production, amongst French isolates (Joly et al., 1987). The plasmid 
present in the French strain studied by Livrelli et al. (1988) was 
identical to that in the original USA isolate. While the French data 
established that TEM-1 was still by far the commonest enzyme type among 
beta-lactamase positive E.influenzae in France, Damn et al. (1988) have 
recently reported that ROB-1 accounted for 8% of beta-lactamases 
identified among E.influenzae isolated from clinical specimens in the 
USA.
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Non-enzvmic resistance to ampicillin and other beta-lactams
Early reports of resistance to ampicillin which was not mediated by 

beta-lactamase production included several non-capsulate isolates from 
respiratory specimens (Bell and Plowman, 1980) and sporadic cases of 
invasive disease due to type b isolates (Markowitz, 1980; Offit et al., 
1982). Out of 1,841 UK survey isolates collected in 1981, Philpott- 
Howard and Williams (1982) identified nine non-capsulates (0.45%) which 
were beta-lactamase negative but showed reduced zone diameters (<20 mm) 
around 2 ug ampicillin discs and required >4 mg/1 ampicillin for 
inhibition. However, it is not possible to accurately gauge the 
worldwide prevalence of non-lactamase-mediated ('intrinsic') resistance 
due to the problems, discussed in Chapter 4,which have become apparent in 
its detection.

The nature of 'intrinsic* resistance
Attempts to establish the mechanism(s) responsible for this type of 

resistance have concentrated on detectable differences in penicillin- 
binding and outer-membrane proteins (PBPs and OMPs) between these 
isolates and those susceptible to ampicillin (Parr and Bryan, 1984? 
Mendelman et al., 1984a). Unfortunately, interpretation of PBP studies 
is complicated by the natural variation seen in E.influenzae. While 
both Makover et al. (1981) and Serfass et al. (1986) identified eight 
major PBPs in this species, the latter study demonstrated that a 
considerable variation existed in profiles amongst ampicillin- 
susceptible isolates and that these differences were even more 
pronounced amongst those with non-lactamase-mediated resistance. Early 
studies of OMP profiles concentrated on type b isolates and established 
that there was considerable variation even among encapsulated organisms.
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Non-capsulates have proved to be even more diverse in OMP profile than 
type b isolates, regardless of their antimicrobial resistance pattern 
(Reid et al., 1987).

Hence, no single specific protein change has been implicated as 
being responsible for non-lactamase-mediated resistance to ampicillin. 
The degree of genetic and phenotypic diversity amongst beta-lactamase 
negative, ampicillin-resistant, non-typable E.influenzae, based on 
results from multilocus enzyme electrophoresis, auxotroph testing and 
PBP profiles, has excluded the possibility of a single recent origin for 
such isolates (Mendelman et al., 1987).

Most ampicillin-resistant, beta-lactamase negative E.influenzae 
identified in the UK and elsewhere have been isolated from respiratory 
tract specimens. Whether they are in any way related to or derived from 
the osmotically-stable and potentially reversible L-forms which can 
result from exposure of normal organisms to ampicillin (Roberts et al., 
1974; 1984) is open to conjecture. They certainly differ from the
beta-lactam-tolerant E.influenzae described by Bergeron and Lavoie 
(1985) since they reguire increased antimicrobial concentrations for 
inhibition of growth and thus do not fulfil the definition of such 
organisms (Tuomanen et al., 1986). Whatever the factors promoting the 
changes which result in this type of resistance, the prevalence of such 
organisms, as described in Chapter 3, is increasing in the UK.

Cross-resistance to other beta-lactams
Since the advent of E.influenzae resistant to ampicillin, many 

beta-lactamase-stable compounds have proved to be highly active in vitro
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against ampicillin-susceptible and resistant beta-lactamase positive 
organisms. Widespread use of cephalosporins; both oral and parenteral, 
has demonstrated that many are effective in the treatment of noh- 
invasive and more serious infections and promising results have been 
obtained with several of the newest beta-lactams, including those 
considered in Chapter 4.

The implications of the findings of Philpott-Howard and Williams 
(1983) and those presented in this study with respect to the beta- 
lactamase negative isolates, which show reduced susceptibility to many 
beta-lactams, are yet to be evaluated. The reduction in susceptibility 
observed among these organisms has rarely been of such a degree that 
they could be considered resistant on in vitro testing according to the 
criteria established for any one agent. Whether the reductions in 
activities of various beta-lactams amongst these isolates are sufficient 
to give rise to treatment failures is likely to become evident when 
these agents are used for treatment of infections at sites where their 
penetration is unreliable or poor. These factors are discussed in 
Chapter 7.

1.4 Resistance to inhibitors of protein synthesis 
Chloramphenicol
Factors influencing its clinical use

Chloramphenicol was already established as an effective agent for 
treatment of E.influenzae meningitis when ampicillin became available in 
1961. Due to the low toxicity of the beta-lactam, ampicillin became the 
preferred therapy both for invasive and non-invasive disease during the 
first few years after its introduction. Several workers compared the
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cidal and static antibacterial activity of the two agents with results 
that were often conflicting, possibly partly due to differences in 
inoculum size. In vitro bactericidal activity of both agents at 
concentrations that could be achieved in serum and CSF was demonstrated 
by Turk (1977). These observations were confirmed by Rahal and 
Simberkoff (1979) while Schauf et al. (1983) also reported that
chloramphenicol was more rapidly bactericidal than ampicillin and that 
this activity was uninfluenced by the addition of ampicillin to the 
medium. Feldman and Manning (1983) differed in suggesting that 
chloramphenicol was more rapidly bactericidal against cells in 
stationary than log phase and did have some effect such that 
bactericidal activity of ampicillin was reduced when organisms were 
exposed to both agents simultaneously. Whatever the true clinical 
outcome of administering both drugs to patients, Shackleford et al, 
(1972) reported that fever was more prolonged and recovery delayed when 
ampicillin was used alone compared with use of chloramphenicol alone.

The rising prevalence of ampicillin resistance, particularly 
amongst type b isolates, led to a return to the use of chloramphenicol 
as first-line therapy of invasive Haemophilus influenzae disease. 
Although resistance to chloramphenicol has been reported quite 
frequently since the mid-1970s in both type b (Manten et al,, 1976) and 
non-capsulate isolates (Roberts and Smith, 1980), the prevalence is 
still low in many countries (Chapter 3). Where chloramphenicol- 
resistant type b isolates have become very common (66% in Barcelona as 
reported in 1986 by Campos et al,) injectable cephalosporins have become 
the treatment of choice for serious infections.

35



Mechanisms of resistance to chloramphenicol
Early investigations established that resistance to chloramphenicol 

was almost invariably accompanied by tetracycline resistance and that 
both R-determinants were transferred by large (Mr=34-46 x 106) plasmids 
(van Klingeren et al., 1977; Roberts et al., 1980). Roberts et al. 
(1980; 1982) determined that the chloramphenicol acetyltransferases
(CATs) mediating resistance in nine E.influenzae collected from many 
countries all resembled the Type II CATs of the enterobacteria in their 
level of activity and sensitivity to inhibition by 5', 5'-dithiobis-2-
nitrobenzoate (DTNB). Although biochemically related, the H.influenzae 
enzymes differed from each other and from enterobacterial type II CATs 
in subunit molecular weight, enzyme activity and protein digestion 
patterns. The different CATs and their reaction products are considered 
in Chapter 5 where studies on chloramphenicol-resistant E.influenzae 
from the UK are described.

Following earlier sporadic reports (see Chapter 5), Burns et al. 
(1985) described four non-capsulate E.influenzae isolated from blood and 
sputum which did not produce CAT but required >20 mg/1 chloramphenicol 
for inhibition. Burns and Smith (1987b) subsequently showed that 
uptake pathways of the antimicrobial into the periplasm of 
chloramphenicol-susceptible isolates were saturable and that transport 
across the cell membrane was an energy-dependent process resembling that 
demonstrated for tetracycline in E.coli (McMurry et al., 1981). These 
authors concluded that non-CAT-mediated resistance to chloramphenicol 
was due to a decrease in outer-membrane permeability to the drug. At 
present, E.influenzae possessing this type of resistance appear to be 
very uncommon worldwide.
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Tetracycline
Hansman and Pidgeon (1971) were the first to report tetracycline 

resistance in a type b isolate and Hansman (1975) described several 
others which showed cross-resistance to many tetracyclines with the 
occasional exception of minocycline. These publications were preceded 
by numerous reports concerning tetracycline resistance among non- 
capsulate E.influenzae, Tetracycline resistance did not increase in the 
UK between the 1977 and 1981 surveys quoted above. Although resistance 
to tetracycline may occur alone, where it is common it is generally 
accompanied by problematical resistance to chloramphenicol (Chapter 3).

Location of genes encoding resistance
Van Klingeren et al. (1977) studied a type b isolate in which 

chloramphenicol and tetracycline resistance were plasmid-borne and 
transmissible by conjugation as a single unit. Elwell et al. (1977) 
reported that the transposons coding for tetracycline resistance in two 
isolates were carried on plasmids which were closely homologous with 
each other and with a third plasmid bearing a transposon coding for 
ampicillin resistance. Jahn et al. (1979) found that production and 
carriage on a plasmid of more than one copy of the transposon 
determining tetracycline resistance resulted from exposure to the agent 
and correlated with higher MICs of both tetracycline and 
chloramphenicol. The results of hybridization studies indicated that 
the transposon coding for tetracycline resistance served as a carrier 
for the CAT gene. In some isolates,the transposon for beta-lactamase 
production had become integrated in a similar fashion. Such 
integrations were thought to be facilitated by the presence of repeat 
sequences flanking the tetracycline resistance transposon which acted as
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insertion sites for other transposable genes via recognition of similar 
seguences.

Mechanisms of resistance to tetracycline
Mendez et al, (1980) demonstrated the heterogeneity of tetracycline 

resistance determinants specifying energy-dependent efflux of the drug 
among Gram-negative species. These determinants, whatever their type, 
resulted in efficient export of the drug from the cell in the presence 
of normal uptake processes. Marshall et al, (1984) reported that 35 of 
40 E.influenzae examined showed transferable plasmid-mediated resistance 
to tetracycline. Hybridization was shown between a Class B determinant 
probe, generally found on transposon TnlO, and all 35 isolates which 
could transfer their resistance plus two which possessed a non- 
transferable R-determinant. However, in contrast with the inducible 
resistance found in other species carrying TnlO, these E,influenzae 
showed only constitutive expression of resistance. The same phenomenon 
was also observed in E.parainfluenzae carrying TnlO (Levy et al., 1984) 
in which it was ascribed to lack of an active repressor molecule.

The remaining three of the 40 isolates studied by Marshall et al. 
possessed non-transferable tetracycline resistance and failed to 
hybridize with any of the four probes derived from other Gram-negative 
organisms. Two of these were unusual in showing amplification of 
resistance following incubation with increasing concentrations of 
tetracycline. Hence, several mechanisms may mediate resistance to 
tetracycline in this species and studies already described have 
suggested that there may be freguent integration of the R-determinant 
into the chromosome.
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Erythromycin
Extrapolation of the in vitro susceptibility to erythromycin of

H.influenzae to its likely clinical efficacy is confounded by several 
factors. Erythromycin should probably be regarded as marginally active 
against E.influenzae because the peak blood level after standard doses 
is approximately the same (1-2 mg/1) as the modal MIC for the species. 
Low and variable blood levels may lead to failures in treatment of 
infections caused by organisms inhibited in vitro by <0.5 mg/1 
erythromycin base (Williams and Andrews, 1974) although residual L-forms 
following incomplete treatment with ampicillin are probably much more 
susceptible to this agent.

Resistance to macrolides as reported in many studies depends on 
methodological differences between laboratories and/or to different 
susceptibility guidelines. Fernandes et al. (1987) reported that by 
using <0.5 mg/1 and £8 mg/1 as susceptible and resistant NCCLS- 
recommended breakpoints respectively, in vivo MIC values correlated well 
with successful treatment of a mouse septicaemia animal model only when 
certain media were used and plates were incubated in air. It was also 
apparent that careful attention to inoculum size was necessary to 
produce a satisfactory correlation between zone diameters and MICs of 
erythromycin. Using the NCCLS breakpoint of 8 mg/1, a recent USA study 
reported 50% of isolates were resistant (Doern et al.f 1988) compared 
with only 6% of French isolates examined by Dabernat et al. (1986) This 
somewhat surprising and major difference may be explained both by 
different susceptibility testing methods and, as discussed in Chapter 3, 
by the normal distribution of E.influenzae according to MIC of
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erythromycin with no separation between definitely resistant and 
susceptible populations.

Ringertz and Kronvall (1987) have shown a correlation between use 
of erythromycin and the prevalence of resistance in Sweden but the 
mechanisms responsible in this species have not been widely studied. In 
the absence of evidence that erythromycin is clinically effective 
against E.influenzae, resistance to the macrolide has not received 
detailed study in this thesis. Recent reports on the prevalence of 
resistance to erythromycin are discussed in Chapter 3.

Rifampicin
Rifampicin was found to be active against E.influenzae soon after 

its introduction in 1957 but its reservation for treatment of 
tuberculosis has meant that it has not been used for therapy of 
infections. Opinion remains divided as to its role in prophylaxis 
against type b infections. Rifampicin has been shown to be effective in 
elimination of carriage (Osterholm and Murphy, 1984) although post
treatment failures have also been reported (Boies et al., 1982). Eskola 
et al. (1987) have advocated prophylaxis for all household contacts in 
families with at least one child less than four years and for infants 
and personnel in day-care centres. PRP vaccine does not appear to have 
any effect on carriage (Granoff and Munson, 1986). Therefore, 
rifampicin appears to be the only useful agent in the at-risk age group 
and any increase in the prevalence of resistance to rifampicin among 
type b isolates could pose major problems.

Nicolle et al. (1982) documented a high prevalence of rifampicin- 
resistant non-capsulate E.influenzae isolated from subjects following
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prophylaxis regimens and suggested that their failure to find similar 
type b isolates was solely due to the overall low prevalence of these in 
their specimens. Mendelman et al. (1982) reported a high frequency of 
mutation to rifampicin in vitro amongst type b isolates and proposed 
that the variable degree of resistance observed indicated that more than 
one mechanism could be responsible. Doern et al. (1988) found 1% of 
USA isolates collected to be resistant to rifampicin while Campos and 
Garcia-Tornel (1987) identified only one such isolate among 83 collected 
from the Barcelona area. Rifampicin prophylaxis is not generally
recommended in the UK and resistance to this agent is not examined in 
this thesis.

1.5 Resistance to anti-folate agents
Although marketed in 1968, the prevalence of resistance to

trimethoprim in the UK was only 1.41 in 1981 (Philpott-Howard and 
Williams, 1982). However, up to this time the agent was usually co
administered with sulphamethoxazole. Few international studies have 
reported on resistance to trimethoprim not tested in combination with 
sulphamethoxazole (see Chapter 3). Campos and Garcia-Tornel (1987) 
found that 55% of 83 capsulated and non-capsulated isolates from Spanish 
children in the Barcelona area were resistant to five antimicrobials 
including trimethoprim, indicating the presence of a major problem.
Prevalence figures for resistance to trimethoprim in combination with 
sulphamethoxazole from other countries suggest that the Spanish
experience is most unusual (Doern et al.r 1988).
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Detection of resistance
Comparison of international figures of resistance to both these 

agents is made particularly difficult by numerous problems encountered 
in susceptibility testing. Even in the absence of trimethoprim 
antagonists in the medium (Koch and Burchall, 1971) there is a variation 
in the behaviour of E.influenzae isolates in response to trimethoprim 
discs (Williams and Kattan, 1978) which often leads to difficulties in 
assessing susceptibility (Philpott-Howard et al., 1983).

Static and cidal activity
Kirven and Thornsberry (1978), using a microdilution broth 

technique for MIC determination, found that while the MICs of 
trimethoprim were consistently low for 122 isolates, predominantly of 
type b, there was a bimodal distribution of MBC values. Isolates were 
either killed at concentrations near the MIC or were not killed at any 
concentration tested. If trimethoprim was bactericidal, then the 
combination of trimethoprim and sulphamethoxazole was also always 
bactericidal. They noted a correlation between in vitro bactericidal 
activity of sulphamethoxazole and the previously documented efficacy of 
co-trimoxazole in eliminating nasopharyngeal colonisation by some of the 
type b isolates studied. However, Granoff et al. (1979) failed to 
confirm the efficacy of the combination in elimination of carriage.

Yogev and Moxon (1982) reported that type b isolates which were not 
killed on exposure to trimethoprim-sulphamethoxazole (TMP-SMZ) 
elaborated significantly more type b polysaccharide material than kill- 
sensitive organisms. Following removal of the polysaccharide by 
physical methods, isolates were more easily killed by TMP-SMZ but
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reverted to their original phenotype following growth which allowed re
accumulation of capsular material. Kill-sensitive recipients were 
transformed by DNA from a type b isolate and gave rise to offspring 
which were resistant to killing. A strong correlation was demonstrated 
between failure of TMP-SMZ to kill a type b H,influenzae in vitro and 
lack of success in treatment of infant rats infected with the same 
isolate.

Mechanisms of resistance
Although both co-trimoxazole and trimethoprim alone are still used 

for non-invasive E.influenzae infections, particularly in patients 
hypersensitive to ampicillin, little is known about the mechanisms of 
resistance to these agents in this species. Since resistance to other 
antimicrobials has been shown to be frequently mediated by mechanisms 
which have much in common with those found in the enterobacteria, it has 
been widely presumed that the anti-folate agents were no exception.

However, de Groot et al. (1988) have recently examined 10 non- 
capsulate trimethoprim-resistant isolates, none of which contained 
visually detectable extrachromosomal DNA. A DNA probe, constructed from 
a subclone of the trimethoprim R-determinant of one isolate, hybridized 
with the chromosomal DNA of both trimethoprim-sensitive and resistant 
E.influenzae but not with E.coli containing genes coding for 
dihydrofolate reductases (DHFRs) 1, 2 and 3 or with trimethoprim-
resistant Neisseria. Following an observation that DHFR activity was 
significantly higher in a trimethoprim-resistant strain when compared 
with an isogenic sensitive counterpart, they suggested that resistance 
involved overproduction of chromosomal DHFR - a mechanism occasionally
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observed amongst enterobacteria (Steen and Skold, 1985). Investigations 
into mechanisms mediating trimethoprim resistance among UK isolates are 
described in Chapter 6.

Even less attention has been paid to sulphonamide resistance in the 
species. Since these agents are no longer used alone in treatment of 
E.influenzae infections, it seems unlikely that there will be a stimulus 
to -investigate the mechanisms involved. Again, it has been widely 
presumed that, in common with the enterobacteria, resistance involves 
transposon-encoded production of an alternative dihydropteroate 
synthetase enzyme possessing a markedly reduced affinity for 
sulphonamides.

1.6 Therapeutic options
Because of the antimicrobial resistance problems outlined, there is 

now more limitation on the choice of therapeutic agent. However, 
because many new antimicrobials are currently active against 
H.influenzae, a considerable range of agents is available for treatment 
of both invasive and non-invasive infections. For example, in countries 
where multi-resistance is already causing concern, the newer injectable 
beta-lactams have replaced ampicillin and chloramphenicol in treatment 
of serious infections and the 4-quinolones will undoubtedly be used 
increasingly for all types of infections since many can be administered 
both orally and parenterally. Appropriate use of these antimicrobials 
depends on accurate recognition of the prevalence of resistance in the 
species and assessment of their likely in vivo activity based on in 
vitro studies and pharmacokinetic data.
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It will be demonstrated in this thesis that the continued 
development of highly active compounds and monitoring of resistance 
among clinical isolates are important in choice of treatment for 
H,influenzae infections. The therapeutic implications of the results 
reported in Chapters 3 to 6 and the prospects in treatment and 
prophylaxis with newly-developed agents and vaccines are discussed in 
Chapter 7.
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CHAPTER 2 
MATERIALS AND METHODS
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2.1 The United Kingdom survey of the prevalence of resistance in
Haemophilus influenzae 1986

2.1.1 Arrangements for collection
Between January 1st and March 31st 1986, consecutive clinical 

isolates of Haemophilus influenzae, originating in 23 geographically 
distributed laboratories in England and Scotland, were dispatched to The 
London Hospital Medical College (LHMC). The participating centres 
(Fig. 2a) were identical to those which had contributed to a similar 
survey conducted by LHMC in 1981 (Philpott-Howard and Williams, 1982), 
except for the loss of Bangor in which laboratory a concurrent 1986 
survey of Welsh isolates was centred. Seventeen of these laboratories 
had also participated in the first such LHMC survey in 1977 (Howard, 
Hince and Williams, 1978).

Prior to the commencement of the collection period, laboratories 
were sent batches of pre-numbered forms which sought information 
regarding the age and sex of the patient, details of diagnosis and 
antibiotic therapy provided on the request form and a patient 
identification number in case further facts should be required at a 
later date. The sending laboratories were asked to indicate the results 
of their susceptibility testing by inserting S (sensitive) or R 
(resistant) in the appropriate boxes, with room to add other results for 
antimicrobials routinely tested, plus any result available of beta- 
lactamase testing and capsule typing carried out in the course of their 
normal work. Hence laboratories were not required to perform any tests 
additional to their normal routine.

Organisms collected were those consecutively isolated in each 
laboratory except that only one H.influenzae per patient was accepted.
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prevalence of resistance in Haemophilus influenzae
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Once or twice weekly, each laboratory forwarded their isolates to LHMC 
on chocolate agar slopes with the accompanying forms by first-class 
parcel post. No limit was exerted on the number of isolates sent during 
the three month collection period but the start and finish dates were 
strictly enforced.

Information on routine susceptibility testing methods was' also 
collected at the start of the survey by means of a questionnaire. Points 
of major interest were identification methods, agar and discs used, 
inoculum size, interpretation and method of detecting beta-lactamase.

2.1.2 Confirmation of identity and characterisation of isolates
Immediately on receipt at LHMC, organisms on slopes were 

subcultured on to chocolate agar plates (brain heart infusion agar 
(Oxoid) supplemented with 5% (vol/vol) horse blood heated to 80°C for 3- 
5 minutes) to check viability and purity. Those live cultures which 
appeared likely to be Haemophilus species on morphological grounds were 
further examined to confirm identity and, if Haemophilus influenzae, to 
establish biotype and capsule type as indicated. In accordance with the 
characteristics outlined by Kilian (1976), organisms were accepted as 
H.influenzae if they were X and V factor dependent on disc testing, 
porphyrin production test negative, non-haemolytic on fresh horse blood 
agar and did not require carbon dioxide for growth (Fig. 2b).

XV dependence
Two or three colonies of pure subcultures of each isolate were 

inoculated into sterile ampoules containing 1 ml of nutrient broth 
(Oxoid) supplemented with 5% (vol/vol) inactivated Fildes’ extract
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fig 2b
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(Oxoid) and incubated without agitation for five hours at 37°C. Each 
suspension was then diluted 1:100 in peptone water (0.1 ml in 10 ml) and 
a saturated swab was used to inoculate a nutrient agar plate (Southern 
Group Laboratories) to which X, V and XV discs (Oxoid) were applied 5 cm 
apart. Plates were incubated for 18 h at 37°C in air, serving to 
establish absence of dependence on a C02-supplemented atmosphere for 
growth.

Porphyrin production test
The inability of each isolate to synthesize porphyrin rings from 

the precursor molecule of cf-aminolaevulinic acid (<f-ala) (Fig. 2c) was 
tested (Biberstein, Mini and Gills, 1963; Kilian, 1974).

The substrate was made by adding 1.36 g KH2P04 and 1.42 g Na2HP04 
to 100 ml distilled water to make a buffer (pH 6.9). Then 19.72 mg 
Mg S04 .7H20 was added followed by 33.52 mg aminolaevulinic acid HC1 
(Sigma Chemical Co.). The solution was divided into 10 aliquots in 
universals and stored at -20°C (stable 6-9 months).

To perform the test, an aliquot of substrate was freshly thawed and 
0.5 ml volumes were dispensed into sterile, stoppered glass test tubes. 
From purity plates of fresh overnight cultures, a milky suspension of 
each organism was made. After incubation for 3-4 hours at 37°C, results 
were read under a UV lamp in a dark room at a wavelength of 
approximately 360 nm. The finding of pink/red fluorescence due to the 
presence of porphyrin rings (a positive test) indicated that the 
organism could not be E.influenzae which is X-dependent and cannot 
synthesize the porphyrin ring precursors of haemin from <f-ala.
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fig 2c
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Included with each run were A+B (positive) and E+F (negative) 
controls which were known cultures of H,parainfluenzae (A+B) and 
H.influenzae (E+F) obtained from the PHLS S.influenzae reference 
laboratory at the John Radcliffe Hospital, Oxford (by kind permission of 
Dr. M.P.E. Slack).

Haemolysis on horse blood agar
A loopful of each 5 hr suspension described above was streaked on a 

fresh horse blood agar plate and incubated overnight at 37°C in an 
atmosphere of 95% air and 5% C02.

Detection of encapsulated strains
Similarly, a loopful of each suspension was streaked on Fildes' 

agar (nutrient agar with 5% (vol/vol) inactivated Fildes' supplement). 
Following overnight incubation as above, cultures demonstrating 
irridescence under oblique incident light, together with any other 
cultures reported as being capsulated by the sending laboratory, were 
subjected to typing by the slide agglutination method using specific 
antisera for groups a to f (Wellcome Diagnostic Ltd.).

Biotvping
All isolates confirmed as E,influenzae were then biotyped using 

methods based on those of Kilian (1976) for the detection of ornithine 
decarboxylase and urease activities and the ability to produce indole. 
The revised classifications of Oberhofer and Back (1979) and Kilian 
(1980) were used to assign biotypes (Fig. 2d).
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i) Ornithine decarboxylase
To make the substrate, 1.05 g of Moeller's decarboxylase base was 

added to 100 ml of distilled water following by 1 g L-ornithine. The 
control substrate was made as above, but without ornithine, and both 
solutions were autoclaved and cooled.

To perform the test, sterile microtitre plates were used. Paired 
wells were 3/4 filled with substrate and control substrate for each 
organism to be tested. From fresh overnight cultures, wells were 
inoculated to make a heavy suspension and then covered with one drop of 
sterile liquid paraffin. After incubation at 37°C for 6 hours, wells 
were read and then re-incubated overnight to detect any late changes.

A biotype I control plus E+F (biotypes V and III,hence positive and 
negative respectively) were included in each run (obtained as above: see 
Fig. 2d).

To interpret the test, positive = violet and negative = yellow (if 
the control substrate had also remained yellow). The product of 
ornithine decarboxylation is putrescine (stable under anaerobic 
conditions) which causes a pH rise to alkalinity as the reaction 
proceeds resulting in an indicator change to violet (bromocresol red and 
bromocresol purple combined).

ii) Urease production
To make the substrate, 2.4 g urea agar base was added to 95 ml 

distilled water and left 15 min to soak before autoclaving. When cooled 
to 55°C, 5 ml 40% (wt/vol) urea solution (filter-sterilised) was
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aseptically added and the mixture was used to 3/4 fill wells in a 
sterile microtitre tray.

To perform the test, the agar was inoculated by stabbing a well 
with inoculum from a fresh overnight culture and the tray was sealed 
tightly with sellotape. After incubation at 37°C for 4 h, wells were 
read as pink = positive and yellow = negative, the colour changes 
resulting from the pH change due to production of ammonia on splitting 
urea. A biotype I isolate and E+F (negative and positive respectively) 
were used as controls as before.

iii) Indole production
To make the substrate, 1.5 g peptone water base was added to 100 ml 

distilled water and autoclaved. When cool, 2 ml inactivated Fildes' 
supplement was added and the solution was stored at 4°C.

To perform the test, the mixture was used to 3/4 fill the reguired 
number of wells of a sterile microtitre plate. Using fresh overnight 
cultures, each well was inoculated with a loop and an emulsion made. 
Wells were covered with sterile liquid paraffin and plates incubated at 
37°C for at least 4 h (but left overnight if more convenient - no 
difference in results). E+F (positive and negative respectively), 
together with the biotype I isolate/were isolated as controls.

To interpret, one drop of Kovac's reagent was added to each well 
after removing the oil. The colour change resulting from the complexes 
formed between the indole produced and the reading reagent meant that 
pink/red = positive and yellow = negative.
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Storage of organisms
Each five hour Fildes'-supplemented broth culture (1 ml in sterile 

plastic ampoules suitable for freezing) was placed in a -70°C freezer 
immediately following removal of 0.1 ml for dilution (see under XV- 
factor dependence). When reguired for further testing, freshly thawed
ampoules were subcultured on to chocolate agar plates and the remaining 
solution discarded. As soon as possible, and usually following only one 
subculture, a new ampoule was inoculated for immediate freezing. This 
method of storage was used in the previous LHMC surveys and was known to 
ensure viability for several years.

2.1.3 Disc susceptibility testing
The 5 h broth cultures described above were similarly diluted in 

peptone water and used for both swab inoculation of DST agar (Oxoid) 
plates supplemented with 0.251 (vol/vol) lysed horse blood and 10 mg/1 
nicotinamide-adenine dinucleotide (NAD) (BDH Chemicals) for disc 
susceptibility testing and for minimum inhibitory concentration (MIC) 
determination (see 2.1.4). This sDST agar, also known as Cavanagh's 
medium (Cavanagh et al., 1976), was used in both previous LHMC surveys 
(Howard, Hince and Williams, 1978; Philpott-Howard and Williams, 1982).

After swab inoculation, the following 6 mm discs were applied: 2 ug 
ampicillin, 10 ug tetracycline, 10 ug chloramphenicol, 1.25 ug 
trimethoprim and 100 ug sulphamethoxazole. Following incubation in an 
atmosphere of 5% C02 end 95% air for 18 h at 37°C, zone diameters were 
measured to the nearest millimetre using calipers. Based on previous 
survey methods, zones less than 20 mm around any of these discs were
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considered likely to indicate resistance while those of 20 mm or more 
were probably indicative of susceptibility.

Oxford Staphylococcus and E,coli (ATCC 25922) were included as 
controls in each test batch.

2.1.4 Minimum Inhibitory Concentration determination
The minimum inhibitory concentrations of the five antimicrobials 

listed above were determined by an agar dilution method with sDST.

Ampicillin (Beecham Research Laboratories), tetracycline (Lederle 
Laboratories), chloramphenicol (Parke-Davis & Co.), trimethoprim and 
sulphamethoxazole (Sigma Chemical Co.) were obtained as laboratory 
powders of known potency. Appropriate doubling dilutions were made in 
distilled water and 1 ml of solution mixed with 19 ml of supplemented 
agar to achieve the final concentration desired. Plates were poured, 
dried and inoculated without delay on the same day.

A Denley multipoint inoculator was used to deliver 0.003 ml of 
1/100 dilution of organisms prepared as for disc testing, i.e. about 
10,000 organisms (104 cfu/spot) were applied to the agar surface. All 
plates were incubated in an atmosphere of 5% carbon dioxide and 95% air 
for 18 h at 37°C. Control organisms were as in 2.1.3.

Those E.influenzae that grew with a zone diameter of less than 
20 mm around one or more antimicrobial discs were tested against all 
five antimicrobials at final concentrations ranging from 256 mg/1 to 
0.008 mg/1. All other isolates were tested on plates containing the 
following final antibiotic concentrations: ampicillin 2 mg/1,
tetracycline 4 mg/1, chloramphenicol 4 mg/1, trimethoprim 2 mg/1, and
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sulphamethoxazole 32 mg/1. These concentrations had been used as 
resistance breakpoints in previous surveys.

The minimum inhibitory concentration was defined as the lowest drug 
concentration which completely inhibited growth following these 
incubation conditions. In accordance with criteria adopted in other 
surveys in which identical susceptibility testing methods were used
(except that MICs of sulphamethoxazole were determined by broth dilution 
in 1981) resistant isolates were defined as those producing zone
diameters less than 20 mm on disc testing which also reguired drug
concentrations for inhibition as follows: ampicillin >4 mg/1 (1-2 mg/1
indicating intermediate susceptibility), tetracycline >4 mg/1,
chloramphenicol £4 mg/1 , trimethoprim £2 mg/1 and sulphamethoxazole 
>32 mg/1.

2.1.5 Detection of beta-lactamase production
All E.influenzae that grew with a reduced zone diameter around the 

ampicillin 2 ug disc and those considered to be resistant by the sending 
laboratories which grew with zone diameters £20 mm were tested for beta- 
lactamase production by an acidometric method (Oxoid beta-lactamase 
detection papers) and a cell suspension iodometric method (Catlin, 
1975). For both methods, care was taken to use a heavy inoculum from a 
fresh overnight culture of organisms.

Acidometric method
Acidometric tests are based on the use of an indicator to detect 

the pH drop which follows production of penicilloic acid from penicillin 
in the strip by beta-lactamase in the test organism. In-date strips
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(Oxoid) were used which were known to be suitable for testing 
H.influenzae. Positive and negative control organisms were tested on 
strips removed each time the storage container was opened.

Iodometric method
The test is based on the ability of the penicilloic acid, produced 

in the test medium following the action of beta-lactamase, to reduce 
iodine to iodide so resulting in blanching of the blue iodine-starch 
complex.

Reagents
1% starch in distilled water, boiled to dissolve.
Iodine reagent : Iodine 2.03 g

Potassium iodide 53.2 g
Distilled water 100 ml

(Potassium iodine solution was made and then iodine added.) 
Penicillin G 10,000 U/ml in 0.1 M phosphate buffer pH 7.0 (freshly 
made)

One millilitre volumes of penicillin solution were dispensed into 
glass test tubes. Bacteria from overnight cultures were suspended in 
the penicillin solution to give a density of at least 109 cfu/ml (using 
MacFarland Standard). Tubes were left at room temperature for 1 h and 
then two drops of starch indicator were added to the suspension followed 
by one drop of iodine reagent.

A blue colour developed immediately due to the starch-iodine 
reaction. Persistence of the blue colour for longer than 5 minutes
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constituted a negative test, after which period tubes were discarded so 
as to avoid late false-positive reactions due to instability of 
benzylpenicillin for prolonged periods at room temperature.

Rapid decolourisation indicated beta-lactamase activity providing 
that no spontaneous hydrolysis of the penicillin had occurred during 
storage (uninoculated penicillin was included as a negative control). 
B.influenzae controls were included as above.

2.1.6 Data handling
Information supplied on survey forms together with results of 

biotyping, capsule typing, susceptibility testing and beta-lactamase 
production were entered into a tailored programme held on main-frame 
computer at Beecham Research Laboratories. Calculations of significant 
differences were made as indicated in results (generally by X 2 test). 
Coefficients of correlation between zone diameters and MICs for each 
antimicrobial agent were calculated by Pearson's method.

2.2 The European survey of the prevalence of resistance in Haemophilus 
influenzae 1986

2.2.1 Collection of isolates and data from participants
Clinical isolates of Haemophilus influenzae were collected from at

least four routine diagnostic laboratories geographically distributed
within each of nine European countries between February and October
1986. In each country, a co-ordinating centre (Fig. 2e) received the
isolates, accepting only one B.influenzae per episode of infection, and
accumulated information regarding the patient and the illness.
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Isolates were collected consecutively by date until the limit of 
50% of isolates from the respiratory tract (i.e. 100 of the required 200 
total) had been reached. Centres continued to collect isolates from 
other body sites consecutively either until the target had been reached 
(or surpassed in some instances) or the collection time limit had 
expired.

2.2.2 Characterisation of isolates
Isolates were accepted as being H.influenzae if they were XV-factor 

dependent on disc testing, porphyrin production test negative and C02 
non-requiring. All E.influenzae were tested for encapsulation using a 
polyvalent antiserum for groups a to f and individual antisera for those 
giving a positive result.

2.2.3 Susceptibility testing methods 
MIC determination

All nine co-ordinating centres used the same standardised 
microdilution method for MIC determination. Microtitre trays (Dynatech, 
FRG) of a single batch number were pre-inoculated with antimicrobial 
agents and dispatched simultaneously to all countries taking care to 
keep them at -20°C or below at all times. On receipt, they were stored 
at -20°C until required.

Iso-sensitest broth (Oxoid) of a single batch was also dispatched 
to all countries from Munich. This was supplemented with 10 mg/1 NAD 
(Merck, FRG), 5% (vol/vol) defibrinated horse blood and 0.02% (vol/vol) 
phenol red (Merck, FRG). Isolates from fresh overnight cultures were 
suspended in this test medium and the inoculum adjusted to 105 cfu/ml
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using MacFarland Standards. After addition of blood, 100 ul of cell 
suspension was added to each well in half of a freshly-thawed microtitre 
tray. In this way, each tray was used to test two isolates against 
ampicillin, chloramphenicol, cefaclor, erythromycin and tetracycline at 
concentrations ranging from 16-0.25 mg/1.

Inoculated trays were covered with the sterile loose-fitting lids 
supplied and incubated for 18 h at 37°C in an atmosphere of 5% CO2 and 
95% air. Prior to reading, the lids were removed and C02 allowed to 
diffuse out for 30 minutes. The minimum inhibitory concentration was 
determined to be the lowest antimicrobial concentration at which there 
was no obvious turbidity in the well and the indicator had not produced 
a change to yellow in response to a decrease in pH resulting from 
growth.

With each batch of trays thawed, the Oxford Staphylococcus was used 
as a control organism. The eighth well in each row in the microtitre 
trays was drug-free and served as a growth control for the isolate 
tested.

Beta-lactamase detection
Three alternative methods of beta-lactamase detection were allowed: 

acidometric (by strip inoculation), chromogenic cephalosporin (using 
nitrocefin or nitrocefin-impregnated strips) or starch hydrolysis.

2.2.4 Inter-laboratorv reproducibility
Inter-laboratory reproducibility of susceptibility testing and 

beta-lactamase detection was determined on two occasions. Before the 
start of the collection period and in July 1986, two batches of
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H.influenzae (10 isolates per batch) were sent from Munich to each co
ordinating centre. Results of susceptibility testing were forwarded to 
Munich without inter-laboratory discussion. On both occasions, the test 
isolates included at least one H.influenzae resistant to each of the 
agents tested.

2.2.5 Retesting in Munich
Isolates meeting the following criteria were forwarded to Munich 

for second testing by identical methods: MIC ampicillin >2 mg/1 and all
beta-lactamase producers? MIC chloramphenicol >4 mg/1; MIC tetracycline 
£4 mg/1; MIC erythromycin £8 mg/1? MIC cefaclor £16 mg/1. In addition, 
10 fully-susceptible isolates were sent from each participating country 
as a control measure. All testing and re-testing was completed by mid- 
December 1986.

2.2.6 Data handling
All data collected was entered into a specially-designed programme 

held at Eli Lilly & Co., Basingstoke, UK. In the final analysis of MIC 
data, values obtained in national co-ordinating centres were used unless 
these disagreed with the Munich results by more than one doubling 
dilution.

2.3 Further antimicrobial susceptibility studies with UK survey 
isolates

2.3.1 Susceptibility testing of all UK survey isolates to a selection 
of beta-lactam agents

Concurrent with the work carried out in Sections 2.1.3 and 2.1.4,
which provided data enabling establishment of resistance trends, all
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survey isolates were additionally tested against six beta-lactam agents 
marketed in the United Kingdom between 1975 and 1988. Methods used were 
exactly as described in the sections above except that discs and 
laboratory powders were obtained as follows:

Discs
Amoxycillin-clavulanate (2 ug : 1 ug combined) from Beecham

Research Laboratories; cefaclor (30 ug), cephalexin (30 ug), imipenem 
(10 ug) from Oxoid; cefixime (30 ug) from Difco Laboratories and 
aztreonam {30 ug) from E.R. Squibb & Sons.

Laboratory powders
Amoxycillin-clavulanate was supplied as Adatabs (Mast Laboratories) 

which were dissolved directly into agar and double diluted in further 
agar volumes. Plates containing the following antimicrobials were made 
as described in 2.1.4. Cefaclor (diluted in pH 4.2 buffer as 
recommended) and cephalexin from Eli Lilly & Co.; cefixime from Cyanamid 
of Great Britain Ltd.; imipenem (diluting in 10 mM pH 7.2 phosphate 
buffer as recommended) from Merck, Sharp & Dohme; and aztreonam from 
E.R. Squibb & Sons.

Range of concentrations tested
Isolates were tested against a range of antimicrobial 

concentrations from 256 to 0.008 mg/1. E.influenzae tested against 
these agents (2,458) slightly outnumbered those for which results were 
available from Sections 2.1.3 and 2.1.4 (2,434) due to a contamination 
problem leading to death of 24 isolates in a single batch.
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2.3.2 Susceptibility testing of a selected group of isolates to an 
extended range of antimicrobial agents

After recognition that activity of the carbapenem, imipenem, was 
relatively unaffected by mechanisms responsible for non-lactamase- 
mediated resistance to other types of beta-lactams, it was decided to 
test an additional (then experimental) carbapenem against a selection of 
H.influenzae. In order to facilitate comparison between LHMC results 
and those already obtained by other workers, susceptibility testing was 
performed using NCCLS methods. Eight antimicrobial agents, include three 
for which data was already available by the methods described in 
Section 2.1.4, were tested in parallel with the experimental carbapenem, 
meropenem (SM-7338, ICI Pharmaceuticals).

Antimicrobial agents
The following were obtained as powders of known potency: ampicillin 

(Beecham Research Laboratories), cefotaxime (Roussel Laboratories Ltd.), 
ceftazidime (Glaxo Laboratories Ltd.), cefaclor (Eli Lilly & Co.), 
chloramphenicol (Parke-Davis Ltd.), ciprofloxacin (Bayer Pharmaceuticals 
Ltd.), piperacillin (Cyanamid of Great Britain Ltd.), meropenem (ICI 
Pharmaceuticals). Imipenem was obtained as Adatabs from Mast 
Laboratories Ltd.

Isolates
Two hundred and twenty-three clinical isolates of B'influenzae were 

selected from those collected during the 1986 UK survey. This number 
was known to comprise 115 ampicillin-sensitive (zone diameter £20 mm 
around 2 ug ampicillin disc and MIC ampicillin <1 mg/1) and 56 beta- 
lactamase positive isolates together with 52 beta-lactamase negative
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isolates of reduced susceptibility to ampicillin (zone diameter <20 mm 
around 2 ug ampicillin disc and MIC ampicillin £1 mg). Escherichia coli 
ACTC 25922 was used as a control and treated exactly as for the test 
isolates throughout.

Inoculum
Preparation of inoculum was as described previously (2.1.4). The

inoculum size resulting from this method of preparation was known to be 
approximately 104 cfu/spot. This was checked by randomly taking one 
broth dilution from each inoculating set and performing surface viable 
counts to calculate the number of organisms plated in 0.003 ml volumes.

Preparation of plates containing antimicrobial agents
Mueller-Hinton agar (Oxoid) supplemented with 5% (vol/vol) lysed 

horse blood and 2.5 mg/1 NAD (Sigma Chemical Co.) was freshly prepared
(National Committee for Clinical Laboratory Standards : Approved
Standard M2-A3, 1984). Doubling dilutions of antimicrobials were made
in distilled water (pH 4.2 buffer for cefaclor) and mixed with agar
(1 ml solution in 19 ml agar) to produce plates ranging in final 
concentration from 128-0.008 mg/1. Imipenem Adatabs were dissolved 
directly in the supplemented agar and doubling dilutions made using 
further agar volumes to produce the same final concentration range. 
Plates were stored at +4°C and inoculated as described previously 
(2.1.4) within 20 hours of preparation. Following inoculation, 
incubation was for 18 h at 37°C in 95% air and 5% C02.
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2.4 Investigations into mechanisms of non-lactamase-mediated resistanceto beta-lactams
2.4.1 Wild-type isolates studied

Isolates examined were all from clinical specimens and were 
collected during the 1986 UK survey. They were chosen both for their 
resistance patterns and biotypes from among similar H.influenzae, These 
isolates are listed in Table 2.4.(i) together with their biotype and 
susceptibility to ampicillin.

2.4.2 Plasmid extraction
Plasmid extraction was by a procedure based on that described by 

Kado and Liu (1981). Organisms were grown at 37°C overnight in 30 ml 
Brain Heart Infusion (Oxoid) supplemented (sBHI) with 10 mg/1 haemin and 
10 mg/1 NAD, with shaking at 150 rpm. Cells were harvested by 
centrifugation at 3,000 rpm for 20 min. The pellet was gently 
resuspended in 200 ul 50 mM Tris containing 3% (wt/vol) sodium dodecyl 
sulphate (SDS) (BDH Chemicals) adjusted to a final pH of 12.5 with 
sodium hydroxide. Following 1 h incubation at 65°C, 100 ul phenol-
chloroform (vol ratio 1 :1 ) was added and the solution mixed by repeated 
inversion. After 10 min at 12,000 g in a Microcentaur centrifuge (MSE), 
the upper phase was transferred to a clean tube and mixed with 15 ul of 
loading buffer containing 60% (wt/vol) sucrose and 0.25% (wt/vol) 
bromophenol blue.

Agarose gels at 0.8% (wt/vol) dissolved in the running buffer (TBE) 
of 89 mM Tris, 2 mM EDTA and 89 mM boric acid at pH 8.0, were loaded 
with 15 ul samples in each well and electrophoresed at 100 volts for 
approximately 2 h. Visualisation of extrachromosomal DNA was by UV
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Table 2.4.(i) Isolates examined in studies of non-lactamase-mediated
reduced susceptibility to beta-lactams

MIC ampicillinSurvey number Biotype (mg/1 )
R1 II 0.25
7 V 0.25
8 I 0.25
11 I 0.25
16 III 0.25
71 IV 0.25
375 I 2
1972 I (type b) 8
2811 I 1
3026 I 2
3200 I 8

236 II 4
507 II 4
508 II 4
548 II 2
834 II 2
887 II 2
889 II 2
1178 II 2

767 III 1
1189 III 4
3275 III 1

1826 IV 4
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transillumination after staining gels in 1 mg/1 ethidium bromide for 
20-30 min at room temperature.

In each gel, E.coli 116 (obtained from Dr. A.A. Said, PhD thesis, 
University of London, 1988) containing plasmids of Mr 70, 40, 28, 10 and 
6 x 106, together with E.influenzae 3299 (see 2.5.4), a wild-type 
chloramphenicol-resistant isolate found to contain a single plasmid 
Mr=40 x 106, were used as markers and controls.

2.4.3 Transformation and filter-paper matings 
DNA source for transformation

Crude cell lysates containing DNA for transformation were prepared 
by the method of Roberts et al. (1981). Donor cultures were prepared in 
100 ml volumes of sBHI incubated overnight at 37°C with agitation at 
150 rpm, from which 0.1 ml volumes were cultured on chocolate agar to 
confirm purity. Cells were harvested by centrifugation, resuspended in 
2 ml of 1 M NaCl, 0.01 M EDTA and 0.15% SDS and heated for 15 min at 
37°C. Suspensions were then frozen at -70°C, thawed by heating at 37°C 
for 15 min and the cycle repeated eight times. To check that the lysate 
was cell free after completing these cycles, 0.1 ml volumes were diluted 
in 10 ml of sBHI and incubated overnight as above. From each broth, 
five spread plates (0.1 ml each) were made on chocolate agar and 
incubated overnight in 5% C02 and 95% air at 37°C to ensure that no 
intact cells remained.

The final lysates were transferred to eppendorf tubes for 
centrifugation at 12,000 rpm for 20 min at 4°C in a Beckman uP Koolspin 
centrifuge. The supernatants were diluted 1:2 with sterile SSC (0.15 M
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NaCI, 0.15 M sodium citrate) and aliquots stored at -20°C until 
required.

Transformation
The donors and recipients used in transformation studies and 

filter-paper matinqs are described in Table 2.4.(ii). Rl is a non- 
capsulate fully-sensitive wild-type E.influenzae collected during the UK 
survey, 1986. Rd is a non-capsulate, ampicillin-sensitive strain which 
has been widely used as a recipient in transformation studies with this 
species and was first described by Fothergill and Wright (1933).

The procedure used was that of Herriott et al. (1970) in which the 
recipient is subjected to incubation in a defined non-growth medium 
(M-IV) found to rapidly induce development of competence by these 
workers.

Recipients (Rl or Rd) were grown to mid-log phase in sBHI at 37°C 
with shaking at 150 rpm (i.e. to an absorbance of 0.4 at 675 nm which 
was found to require a period of 4 h). For each donor, recipient cells 
were harvested from 40 ml of broth culture by centrifugation at 
3,000 rpm for 15 min. The pellet was washed in 10 ml of M-IV, 
resuspended in 15 ml M-IV and incubated for 100 min at 37°C with 
agitation at 100 rpm. Cells were harvested as above and resuspended in 
2 ml sBHI from which 0.1 ml was removed, diluted in a further 15 ml sBHI 
and incubated overnight as for the post-transformation cultures. To the 
remaining recipient suspension, 0.4 ml of freshly thawed lysate was 
added, gently mixed and then incubated for 30 min at 37°C with agitation 
at 50 rpm. This procedure produces a final DNA concentration of
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Table 2.4.(ii) Donors and recipients used in transformation studies and 
filter-paper matings

Antimicrobial
resistance

E.influenzae Biotype (all B- MIC £1 mg/1)
236* II amp
1189 III amp, trim
1826** IV amp
1972 I amp
2811 I amp, sul
3200 I amp
767 III amp, sul
3275 III amp, sul
Rl/RlSa*** II nil/streptomycin
Rd*** IV nil

* Not used for experiments involving Rl or RISa as recipients
** Not used for experiments involving Rd as recipient
*** See text for derivation of Rl, RISa and Rd
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approximately 2 ug/ml. The volume in each container was then made up to 
15 ml with sBHI before overnight incubation at 37°C shaking at 150 rpm.

For each overnight culture, 10 spread plates (0.1 ml each) were 
made on Brain Heart Infusion agar (Oxoid) supplemented with 0.25% 
(vol/vol) lysed horse blood and 10 mg/1 NAD containing either 0.5 mg/1 
or 2 mg/1 ampicillin (10 plates at each concentration) as well as on 
ampicillin-free agar of the same constitution. In addition, cultures 
were diluted and plated by the technigue of Miles et al, (1938) so that 
cfu/ml in overnight broths could be calculated. All plates were 
incubated for 18 h at 37°C in 95% air and 5% C02. Hence the natural 
freguency of mutation to non-lactamase-mediated reduced susceptibility 
to ampicillin of the recipients could be estimated post-exposure to M-IV 
and the freguency of transformation expressed as

number of colonies/0.1 ml spread plate of ampicillin-containing agar 
total number of cfu inoculated/0.1 ml spread plate

Confirmation of identity of offspring
Colonies growing on ampicillin-containing agar (using the higher 

concentration plates wherever possible) were separately subcultured on 
to chocolate agar (taking a maximum of six colonies for each mating). 
Since donors and recipients were always chosen such that biotypes 
differed, putative offspring were then biotyped as in 2 .1.2 in order to 
confirm that no donor cells had survived the lysis method (i.e. 
offspring were of the biotype of the chosen recipient) before proceeding 
to determine MICs of ampicillin as in 2.1.4 and, at a later date, MICs 
of a range of beta-lactams. In parallel with these determinations, zone 
diameters around 2 ug ampicillin discs were measured.
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Filter-paper matings
Filter-paper matings were performed as described by Roberts et al,

(1980) based on the method of van Klingeren et al, (1977). For these 
experiments, a streptomycin-resistant (MIC £256 mg/1) mutant derived 
from R1 was used as a recipient so that donor and recipient cells could 
be separated after mating.

Attempts to raise a streptomycin-resistant mutant of R1 by plating 
cells grown to mid-log phase in sBHI on to sBHI agar (as above) 
containing concentrations of streptomycin ranging from 0.5 to 128 mg/1 
failed on several occasions. R1 was then subjected to repeated 
overnight culture in 100 ml volumes of sBHI containing streptomycin at 
1, 2, 4, 8 and 16 mg/1. Ten millilitres of overnight culture was
transferred to 90 ml of freshly supplemented broth each day. Aliquots 
of the remaining broth were used for 0.1 ml spread plates on SBHI agar 
at 128 mg/1 streptomycin. RISa was derived from a single colony out of 
many (approx. 100/plate) growing on streptomycin-containing plates 
following exposure to 16 mg/1 streptomycin in broth. The MIC of 
streptomycin for RISa (and 20 similar colonies) was found to be 
£256 mg/1 .

For each mating, RISa and donor were grown separately in 10 ml sBHI 
for 18 h at 37°C, shaking at 150 rpm. Using a swinnex system containing 
a sterile 0.22 um millipore filter, 2 ml of each of donor and RISa 
broths were combined in a syringe and filtered through. Filters were 
removed with sterile forceps and cultured overnight intact on chocolate 
agar plates before all growth was removed with a loop and inoculated in 
to 10 ml sBHI. After 5 hrs incubation as above, 0.1 ml volumes were 
removed for plating on sBHI agar containing 128 mg/1 streptomycin
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together with either 0.5 or 2 mg/1 ampicillin (10 plates at each 
concentration). The total number of cfu inoculated/plate was estimated 
by the technique of Miles et al. (1938) as for transformation studies. 
In addition, dilutions were plated (0.1 ml volumes) on sBHI agar 
containing either streptomycin (128 mg/1) or ampicillin (0.5 and 2 mg/1) 
to estimate the ratio of donor:recipient cells in the mixture and 
stationary-phase broth cultures of donor cells were plated on 128 mg/1 
streptomycin plates (1 x 0.1 ml spread plates) to estimate the frequency 
of any spontaneous mutation to streptomycin resistance. The frequency 
of transfer of resistance to ampicillin was expressed as the average of 
the ratios:

number of colonies/plate on amp-strep agar 
total number of RISa cfu/plate

counting colonies on the higher concentration ampicillin plates where 
possible.

Confirmation of identity and resistance of putative offspring was 
performed as described post-transformation, determining MICs of 
ampicillin and streptomycin separately, followed by MICs of a wide range 
of beta-lactams as detailed in 2.4.4.

2.4.4 Selection of mutants with reduced susceptibility to beta-lactams 
Attempts were made to select for mutants/ which possessed reduced

susceptibility to ampicillin, derived from the fully-sensitive wild-type
H.influenzae R1 in order to contribute further to work described in
2.4.5 and 2.4.6 in which differences of OMPs and PBPs between fully



sensitive H.influenzae and those with non-lactamase-mediated reduced 
susceptibility to beta-lactams were examined.

Since the results of experiments described in 2.4.3 had established 
that mutation did not occur (frequency <10~9) following plating of R1 or 
Rlsa on sBHI agar containing ampicillin at 0.5 or 2 mg/1, serial broth 
cultures were employed as described for production of streptomycin- 
resistant R1 derivatives in 2.4.3. Serial overnight broths contained 
ampicillin at 0.12 (sub-MIC), 0.25 (MIC), 0.5, 1, 2 and 4 mg/1. Spread 
plates (0.1 ml/plate) were made each day on sBHI containing 1 mg/1
ampicillin. Single colonies were subcultured on to separate chocolate
agar plates before determining MICs of ampicillin, cefaclor, cephalexin, 
cefotaxime, ceftazidime, aztreonam, imipenem, meropenem and 
ciprofloxacin (see Sections 2.1.4, 2.3.1 and 2.3.2) by the method
described in 2.1.4.

Two of the mutants raised initially (RIAc and RIAk) were inoculated 
into 1 mg/1 ampicillin broth, increasing to 16 mg/1 over four days in an 
attempt to select for a further reduction in susceptibility. Single 
colonies obtained on 1 mg/1 ampicillin agar were subcultured and 
examined as above.

2.4.5 Outer membrane protein profiles
A selection of wild-type isolates were examined, together with one

ampicillin-sensitive isolate of each biotype represented as in 
Table 2.4.(i), and including donors and recipients listed in 
Table 2.4.(ii), their offspring and R1 mutants raised as in 2.4.4.

77



The extraction of outer membrane protein (OMP) fractions was by the 
method of Stull et al, (1985). Cultures were grown to mid-log phase 
(4 h) in 100 ml sBHI at 37°C, shaking at 200 rpm. Cells were harvested 
at 3,000 rpm for 20 min and resuspended in 8 ml of 0.75 M sucrose, 5 mM 
MgCl2, 10 mM Tris-acetate at pH 7.2 to which 100 ug lysozyme, 800 ug 
DNAse and 800 ug RNAse (all from Sigma Chemical CO.) were added. 
Suspensions were sonicated on ice (ultrasonicator MSE using an amplitude 
of 20 u) with four 15 s bursts interspersed with at least 2 min cooling. 
Coarse debris was removed by centrifugation at 1,500 g for 15 min and 
the supernatant decanted, storing at -20°C if necessary.

The entire supernatant (about 7 ml) was centrifuged at 150,000 g 
for 1 h at 4°C in a superspeed (MSE) centrifuge to harvest the cell 
envelope constituents. The pellet was resuspended in 1 ml 10 mM Tris- 
acetate, pH 7.8, and 1 ml 4% (vol/vol) Triton-X in the same buffer was 
added. After incubation for 20 min at room temperature, centrifugation 
and resuspension of the pellet was repeated using a 2% (vol/vol) 
solution of Triton-X so accomplishing separation of the detergent- 
insoluble outer-membrane fractions. Following final centrifugation, 
pellets were resuspended in 0.5 ml sterile distilled water. Protein 
concentration was determined by the method of Lowry et al, (1951) and 
suspensions stored at -20°C for periods of up to 2 weeks or at -70°C if 
SDS-PAGE could not be performed within this time period.

SDS-PAGE
Electrophoresis of OMP fractions was performed as described by 

Barenkamp et al, (1981b) using a modified Laemmli gel based on the 
procedure of Lugtenberg et al, (1975).
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Samples were thawed slowly, the protein concentration was adjusted 
to between 0.5 and 3 mg/ml and 50 ul volumes were mixed with 50 ul of 
loading buffer (10 mM Tris-HCl at pH 8.0, 1 mM EDTA, 1% (wt/vol) SDS, 1% 
(vol/vol) beta-mercaptoethanol, 8% (vol/vol) glycerol and 0.25% 
bromophenol blue) before boiling for 2 mins. Aliquots of 40 ul of 
mixtures were applied to each lane of a 4% (pH 6 .8 ) acrylamide stacking 
gel over a separating gel at 11% (pH 8 ). The running buffer consisted 
of 0.025 M Tris-HCl at pH 8.3, 0.19 M glycine and 0.1% (wt/vol) SDS. 
Electrophoresis was carried out at a constant voltage of 80-100 v/gel 
for approximately 5 h at room temperature using tap water cooling.

Gels were stained with Coomassie brilliant blue dye overnight (0.1% 
Coomassie blue (wt/vol) in methanol : acetic acid : water (5:1:5) and 
destained by immersion in methanol : acetic acid : water (3:1:7)), with 
several changes of solution before being photographed.

2.4.6 Penicillin-binding profiles
Twenty-eight isolates, including wild-types from those in 

Table 2.4.(i), two mutants derived from R1 and a selection of offspring 
resulting from transformation experiments, were chosen for study.

Preparation of membrane fractions
The method used was based on that of Reid et al. (1987). Cultures 

were grown in sBHI using 600 ml volumes at 37°C with shaking at 200 rpm 
for 4 h (i.e. to approximate mid-exponential phase). Cells were 
harvested at 6,000 rpm for 20 min at 4°C in a Mistral 6L centrifuge 
(MSE). Pellets were washed in ice-cold 20 mM sodium phosphate buffer, 
pH 7.0, and resuspended in 10 ml of the same buffer containing 0.14 M
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mercaptoethanol. Suspensions were sonicated (MSE ultrasonicator using a 
20 u amplitude) using 6 x 30 s bursts with constant cooling on ice. 
Coarse debris was removed by centrifugation at 2,000 rpm for 10 min at 
4°C as above.

The supernatant was centrifuged (MSE superspeed) at 150,000 g for 
30 min at 4°C to pellet the membranes which were then resuspended in 
0.5 ml 20 mM sodium phosphate buffer, pH 7.0. The protein concentration 
was estimated by the method of Lowry et al. (1951), using a 1/10 dilution 
of a 50 ul aliquot from the above suspension t before storage of 
preparations (containing inner and outer membranes together with 
peptidoglycan) at -70°C until required.

Labelling with radioactive penicillin
The method used was based on that of Spratt (1977). Membrane 

fractions were thawed slowly before adjusting the protein concentration 
to 5 g/1 and the buffer to 50 mM. Radiolabelled benzyl penicillin (14C 
144 uCi/mg from Amersham International PLC) was reconstituted to make a 
solution of 0.5 mg/1 from the 0.3472 mg supplied (total 50 uCi).

In order to achieve a final concentration of labelled penicillin of 
50 mg/1, 180 ul of membrane fraction was mixed with 20 ul of the
penicillin solution and incubated for 10 min at 30°C. The reaction was 
terminated by adding 10 ul of non-radioactive benzyl penicillin solution 
at 120 g/1 followed by 20 ul of 10% (w/v) sodium sarcosinate (Sigma 
Chemical Co.) in order to prevent enzymic loss of bound penicillin and 
selectively solubilise the inner membranes. After a further 20 min at 
room temperature, the mixture was centrifuged at 100,000 g for 30 min at 
4°C (MSE Superspeed) before decanting the supernatant to a clean
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container; discarding the pellet. Supernatants were stored at -20°C for 
a maximum of 48 hours.

SDS-PAGE of labelled protein
Samples for loading were prepared by mixing 100 ul of supernatant

with 50 ul of loading buffer (see 2.4.5) and boiling at 100°C for
3 mins. Gels were prepared and run exactly as described in 2.4.5 except 
that 25 and 50 ul of sample were loaded on parallel gels. Following 
this, staining was for 1 h in Coomassie Brilliant Blue making the
protein bands visible in order to check that separation was
satisfactory. After destaining in repeated changes of 5% (vol/vol)
methanol : 10% (vol/vol) acetic acid in water, gels were soaked in
dimethylsulfoxide (DMSO) for 1 h, repeated using fresh DMSO for a 
further hour.

Incorporation of the scintillation fluor 2,5-diphenyloxazole (PPO) 
was performed by immersion of gels in 200 ml of 22.2% (wt/vol) PPO in 
DMSO for 3 h. PPO was then precipitated in situ in gels by soaking in 
distilled water for 2-3 h. After 1 h in 10% acetic acid and 1%
glycerol, gels were dried on to Whatman no.17 card.

Fluoroqraphy
Dried gels were exposed to pre-fogged X-ray film (Kodak XOMAT AR

/

exposed to 20 kV, 4 mAs to pre-fog) by placing the emulsion directly in 
contact with gel surfaces and enclosing film and gel between tungsten 
intensifier screens in a light-tight case. Cases were stored at -70°C 
for 10 weeks before developing in a Kodak automatic system for x-ray 
films.
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2.5 Investigations into mechanisms of resistance to chloramphenicol
2.5.1 Wild-type isolates examined and controls

Forty-two isolates of U.influenzae from the 1986 UK survey, 
including two of type b, were classified as chloramphenicol-resistant, 
(5.1). All 42 were additionally resistant to tetracycline, 13 produced 
beta-lactamase and 14 were resistant to trimethoprim (Table 2.5.(i)). 
Three chloramphenicol-sensitive isolates, for which the inhibition zone 
diameter was >30 mm and MIC of chloramphenicol was ,<0.25 mg/1, were 
included as controls.

Escherichia coli strain 116 was used as a control during
determinations of molecular weights of plasmids. Reference E.coli

strains producing CAT of biochemical types I, II and III (Zaidenzag et 
al., 1979; Nitzan and Gozhansky, 1980) were obtained from the National 
Collection of Type Cultures, Colindale, London (NCTC nos. 50055, 50128 
and 50022 respectively).

2.5.2 Preparation of extracts containing chloramphenicol 
acetyltransferase (CAT)

Crude extracts were prepared using the method of Azemun et al.

(1981) originally designed for a tube method of detecting the presence 
of CAT in H.influenzae cultures. Organisms grown overnight at 37°C on 
fresh chocolate agar plates with or without chloramphenicol (2 mg/1 ) in 
an atmosphere of C02 5% and air 95% were suspended in 0.2 M Tris-HCl 
buffer, pH 8.0, to an optical density at 450 nm (OD450) of 0.800. Each 
suspension was mixed with an equal volume of an alkaline solution 
(pH 8.0) containing 2 M NaCl, 0.02 M EDTA and sodium dodecyl sulphate
(SDS) 0.1% (wt/vol), and incubated for 1 h at 37°C to lyse the cells and
release CAT.
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Table 2.5.(i) Antimicrobial resistance patterns of chloramphenicol- resistant isolates

Resistance Number of isolates

CM-Te 13*
CM-Te-Tr 1

CM-Te-S 6

CM-Te-Tr-S 9
CM-Te-Amp(+) 7
CM-Te-Amp(+)-Tr 2

CM-Te-Amp(+)-S 2*
CM-Te-Amp(+)-Tr-S 2

Total CM-Te 42

Number includes one isolate of capsule type b.
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2.5.3 Assays of CAT activity and determination of biochemical type
The spectrophotometric method of Shaw and Brodsky (1968) was used. 

The reaction mixture, 1 ml in volume, contained 0.1 mM acetylcoenzyme A 
(sodium salt) (Sigma), 0.5 mM DTNB (Sigma) and 0.1 mM chloramphenicol 
(Parke-Davis & Co., Pontypool, Gwent) in 0.12 M Tris-HCl buffer, pH 8.0. 
The reaction was begun by adding 100 ul of cell extract, and the 
absorbance at 412 nm was monitored continuously at 37°C in a Pye Unicam 
SP 1700 dual beam spectrophotometer linked to a chart recorder. The 
reference cuvette contained the same mixture without chloramphenicol.

The colour change monitored by this procedure is a progressive 
yellowing of the reaction mixture due to complexing of the DTNB with the 
CoASH formed as chloramphenicol is acetylated (Shaw, 1975). The 
acetylation process involves addition of an acetyl group to the 3-C 
position of the chloramphenicol molecule (Fig. 2f). In some CAT- 
producing species and under certain conditions of pH (Lovering et al,f 
1986) spontaneous re-arrangement of the molecule may then occur so that 
the acetyl group is transposed to the 1-C position (see next section). 
Following this event, CAT activity may result in a further acetylation 
step to produce the 1,3 di-acetoxy product (Shaw, 1967). Occurrence of 
these further steps does not affect measured enzyme activity.

Enzyme activity was calculated by the method of Shaw (1975). One 
unit was defined as the amount of enzyme which acetylated 1 umol of 
chloramphenicol/min at 37°C. To relate OD to mass, a 10 ml suspension 
of cells in water was adjusted to an OD45Q of 0 .8 , then dried to 
constant weight in a dessicator. An average was taken of three dry- 
weight estimations with each of three E.influenzae and used to express
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CAT activity in units/mg dry weight. This procedure was repeated for 
the E.coli controls.

To investigate inhibition of CAT by DTNB, 100 ul of cell extract 
was added to each of two cuvettes containing 0.1 mM acetylcoenzyme A and 
0.5 mM DTNB in 1 ml of 0.12 M Tris-HCl buffer, pH 8.0. After incubation 
for 30 min at 37°C, 100 ul of distilled water was added to the reference 
cuvette and 100 ul of 1 mM chloramphenicol solution in distilled water 
was added to the test cuvette. The OD412 was then recorded as described 
above.

2.5.4 Plasmid extraction and curing experiments 
Extraction methods

All chloramphenicol-resistant E.influenzae and the three E.coli 
controls were' examined for the presence of extrachromosomal DNA by the 
method of Kado and Liu (1981) as described in Section 2.4.2. Following 
the observations of Roberts and Smith (1980) that a single method of 
plasmid extraction may detect extrachromosomal DNA in only a small 
proportion of plasmid-containing E.influenzae, eight isolates which were 
apparently plasmid-free on initial investigation were additionally 
examined using procedures based on those of Meyers et al. (1976) and 
Bennett et al. (1986). The three methods employed differed mainly at 
the stage of cell lysis. One E.influenzae (3299) found to contain a 
plasmid (Mr=40 x 106) by the method of Kado and Liu, was included as a 
control for these additional extraction procedures and was also 
extracted in parallel with all other isolates at the initial screening 
stage.
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The procedure of plasmid extraction described by Bennett et al. 
(1986) was modified for application to H.influenzae. Isolates were 
grown overnight at 37°C with shaking at 150 rpm in sBHI and cells 
harvested by centrifugation at 3,000 rpm for 20 min after which 100 ul 
of a solution of lysozyme (10 mg/ml in 50 mM glucose, 10 mM EDTA, 25 mM 
Tris-HCl at pH 8.0) was added to the pellet. The resulting suspension 
was incubated at room temperature for 15 min before adding 200 ul of 1% 
(wt/vol) SDS in 0.2 M NaOH and mixing by inversion. Following 
incubation for 5 min at room temperature, 150 ul of 3 M sodium acetate 
(pH 4.8) was added to neutralise the mixture which was then centrifuged 
for 5 min at 12,000 rpm in a Koolspin uP centrifuge (Burkard Scientific) 
held at 4°C.

The clear supernatant was transferred to a clean tube, mixed with 
1 ml ethanol and incubated 30 min at -20°C. Precipitated DNA was 
collected by 2 min centrifugation as above and the pellet resuspended in 
400 ul of 50 mM Tris-HCl, pH 8.0, containing 100 mM sodium acetate. 
Protein was removed by mixing with an equal volume of Tris-saturated 
phenol (6 ml 1 M Tris-HCl, pH 8.0, 5 ml 2 M NaOH, 100 ug crystalline
phenol in 40 ml distilled water) followed by 2 min centrifugation as 
above. The upper aqueous phase was removed to a clean tube and cold 
ethanol precipitation repeated. Diethyl ether (200 ul) was used to wash 
the pellet without mixing and the bulk of this aspirated after 15 s 
centrifugation, allowing the remainder to evaporate. The final pellet 
was dissolved in 20 ul 50 mM Tris-HCl, pH 8.0, containing 1 mM EDTA, and 
mixed with 5 ul loading buffer (40% (wt/vol) sucrose, 0.5 M EDTA, 0.25% 
(wt/vol) .bromophenol blue). Electrophoresis was performed as in 
Section 2.4.2.

87



For extraction by the method of Meyers et al, (1976), cells were 
similarly grown overnight in 15 ml volumes, harvested and suspended in
1.5 ml of 25% (wt/vol) sucrose and 1 mM EDTA in 10 mM Tris-HCl, pH 8.0, 
Lysozyme (0.2 ml of 5 mg/ml solution) was added and mixed by inversion. 
After 5 min on ice, 0.5 ml of 0.25 M EDTA was added, mixed by inversion 
and replaced on ice for a further 5 min. Using 10% (wt/vol) SDS, 0.2 ml 
was added to give a final concentration of approximately 1% (wt/vol) and 
the mixture subjected to eight heating cycles of 15 min at 55°C followed 
by 15 min at room temperature, mixing by inversion. Using the salt 
precipitation method for the isolation of plasmid DNA (Guerry et al,, 
1973), the clear viscous solution was brought to 1 M NaCl and kept at 
4°C for 18 h before centrifugation at 12,000 rpm for 30 min at 4°C 
(Europa MSE).

An egual volume of distilled water was added to the cleared lysate 
followed by ribonuclease (Sigma Chemical Co.) at a final concentration 
of 20 ug/ml. After incubation at 37°C for 1 h, an equal volume of Tris- 
saturated phenol was mixed with the lysate and centrifugation repeated 
at 12,000 rpm for 30 min at +20°C. The clear aqueous phase was brought 
to a final concentration of 0.3 M sodium acetate, twice the volume of 
ethanol was added and the mixture stored overnight at -20°C.

Precipitated DNA was recovered by centrifugation at 12,000 rpm for 
20 min at -10°C before draining thoroughly and allowing residual ethanol 
to evaporate. The final pellet was then resuspended in 100 ul of TES 
buffer (30 mM Tris-HCl, pH 8.0, containing 50 mM NaCl and 5 mM EDTA) 
before mixing with loading buffer and performing electrophoresis as in 
Section 2.4.2.
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Curing
In attempting to examine the relationship between resistance 

profile and the presence of extrachromosomal DNA, three isolates 
containing single plasmids were grown overnight in sBHI containing 
ethidium bromide (Sigma) 3 mg/1. These cultures were subsequently 
diluted and spread on sDST agar to give single colonies and then 
replica-plated on to agar of the same composition but containing 
chloramphenicol (2 mg/1).

Six colonies derived from each of the three E.influenzae, growing 
in the presence of 2 mg/1 chloramphenicol, were subcultured on to 
separate chocolate agar plates. These 18 cultures were then examined 
for the presence of extrachromosomal DNA by the method of Kado and Liu 
and MICs of chloramphenicol, tetracycline, trimethoprim and 
sulphamethoxazole were determined.

2.5.5 CAT-determined production of acetylated derivatives of 
chloramphenicol

Preparation of extracts
CAT-producing E.influenzae and E.coli controls tested are shown in 

Table 2.5.(ii). Organisms were grown overnight on chocolate agar plates 
in an atmosphere of 951 air and 5% C02 at 37°C. Suspensions were made 
in distilled water, adjusting the optical density to 0.800 at 450 nm as 
in 2.5.2. Ten millilitre volumes were then sonicated in four 15s 
bursts, using an amplitude of 20 u (MSE ultrasonicator) with 2 min 
intervals of cooling on ice. Following centrifugation at 12,000 rpm for 
20 min at 4°C (Europa, MSE), supernatants were divided into 1 ml 
aliquots and stored at -20°C until required.
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Table 2.5.(ii) Isolates used as sources of enzyme in investigations 
of acetylated derivatives of chloramphenicol produced 
by CATs of different biochemical types

Source of CAT Biochemical type
E.influenzae 3299 II
E.influenzae 189 II
E.influenzae 516 II
E.influenzae 109 II
E.coli 50055 I
E.coli 50128 II
E.coli 50022 III
E.coli 11186 III

Table 2.5.(iii) Comparison of < 
in acetylation (1986), Breeze 
2.5.5

concentrations of reactants used 
methods of Lovering et al. 
and Simpson (1982) and Section

Reagent
Lovering 
et al.

Breeze and
Simpson 2.5.5

Tris-HCl
(pH 6.8 and 7.8)

55 mM 100 mM* 95 mM

Mgci2 16.7 mM 14 mM
Chloramphenicol 0.89 mM 0.76 mM
Acetylcoenzyme A 27.8 mM -

Coenzyme A
Acetylphosphate
Phosphotransacetylase

))acetylcoA 
)generation 
)system 
)not used

0.14 mM 0.28 mM 
9 mM 26 mM 
see Chapter 5 2 x 104 u/1**

* Acetylcoenzyme A generating reaction was used at pH 7.8 by these
workers.

** Where one unit of activity is equivalent to acetylation of 1 umole
of coenzyme A per min at pH 7.4 and 25°C using acetylphosphate as
substrate.
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Acetylation reaction conditions
Reactions were performed at pH 6.8 and 7.8 using a method based on 

that described by Lovering et al. (1986). The reaction (total volume 
2,100 ul) contained 95 mM Tris-HCl, 14 mM MgCl2 and 0.76 mM 
chloramphenicol. Acetylcoenzyme A was generated as described by Breeze 
and Simpson (1982) by including 0.28 mM coenzyme A, 26 mM
acetylphosphate and 2 x 104 u/1 phosphotransferase (PTA) (all from Sigma 
Chemical Co.) in the reaction mixture. These concentrations are 
compared in Table 2.5.(iii) with those employed by the two sets of 
workers quoted.

Crude extracts were freshly thawed and 200 ul volumes added to the 
mixture to trigger the reaction, incubating at 37°C. Samples (100 ul) 
were removed at variably spaced timed intervals and mixed with an equal 
volume of acetonitrile to deproteinate the mixture so stopping the 
reaction. Storage was at -20°C until HPLC could be performed.

CAT derived from E.coli 50055 (biochemical type I) was also assayed 
in the presence of 8 x 104 u/1 PTA, i.e. four times the usual 
concentration, to determine whether any promotion of activity of the 
generating system, measurable as earlier appearance of acetylated 
products, could be produced.

2.5.6 Detection of acetylated derivatives of chloramphenicol by HPLC
Aliquots removed from the reaction mixture were thawed immediately 

before HPLC was to be performed. After centrifugation at 12,000 rpm for 
5 mins (Microcentaur, Beckman) 20 ul samples of supernatant were 
injected directly into a Waters LC3 chromatograph. A reverse phase C18 
column (10 x 1 cm) enclosed in a Waters 12CM 100 radial compression

91



module was used for all determinations. The elution solvent consisted 
of methanol, water and phosphoric acid (vol/vol ratio 45:47.5:2.5). A 
flow rate of 2.0 ml/min gave retention times of 3.50 min for 
chloramphenicol, 4.90 min for monoacetyl chloramphenicol and 6.90 min 
for diacetylchloramphenicol. The system employed a fixed wavelength
detector (254 nm), determining the amounts of each component present by
comparison of peak areas to those of known standards of chloramphenicol 
and diacetylchloramphenicol.

In the absence of a commercially available diacetyl standard, the 
molecule was manufactured as follows. Chloramphenicol (1 g) was 
dissolved in a 15 g pyridine and 25 g acetic anhydride mixture. The
solution was refluxed for 1 h before adding water and removing the
resulting oil layer which separated out. The yellow oil was dissolved 
in ether (50 ml) and the organic phase extracted with 3 x 50 ml aliguots 
of 0.1 M HC1. The solution was dried over MgS04, the ether removed 
(about 0.76 g), and the yellow oil remaining was dissolved in the 
minimum of warm ethanol. After several days at 0°C, the crystalline 
product that separated was removed and recrystallized twice from
ethanol. The final product, diacetylchloramphenicol, was shown to be 
chromatographically pure by HPLC.

The stability of the diacetylated compound was assessed at pH 6.8
and 7.8 by dissolving 50 mg of the purified product in 50 ml methanol
and diluting 1:2 with 50 ml of the appropriate buffer After re
adjustment of pH, 10 ml aliguots of solution were incubated at 37°C, 
removing 20 ul samples at timed intervals. These were immediately 
injected directly into the HPLC column and the composition of the
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hydrolysate was determined by comparison of peak areas with known 
standards of diacetylchloramphenicol and chloramphenicol.

2.6 Investigation into mechanisms of resistance to trimethoprim
2.6.1 Wild-type isolates examined and controls 

Trimethoprim-susceptible and resistant H.influenzae examined were
all clinical isolates collected during the 1986 UK survey. These are 
listed in Table 2.6.(i) along with their susceptibility patterns, MIC of 
trimethoprim and site of isolation. Plasmid extraction experiments used 
the same controls described in 2.4.2; filter-paper matings employed RISa 
as recipient and transformation procedures utilised Rd as in 2.4.3. 
Assays of dihydrofolate reductase (DHFR) activity included the study of 
a type la DHFR-producing E.coli from the NCTC plasmid collection 
(no.50117 J62/2 Col e) known to contain Tn 7.

2.6.2 Methods of plasmid extraction
All isolates listed in Table 2.6.(i) were examined for the presence 

of extrachromosomal DNA by the methods of Kado and Liu (1981) as
described in 2.4.2 and by the methods of Meyers et al, (1976) and
Bennett et al, (1986) as described in 2.5.4. Each isolate was examined
by each of these methods on at least two occasions.

2.6.3 Selection of trimethoprim-resistant mutants 
Trimethoprim-susceptible B.influenzae R1 was grown in 10 ml of Iso-

sensitest broth supplemented with 5% (vol/vol) lysed horse blood and
10 mg/1 NAD (sISB) for 5 h at 37°C with shaking at 150 rpm. The entire 
10 ml was then added to 90 ml of warmed sISB containing trimethoprim at 
0.12 mg/1 (i.e. at the MIC of Rl) and incubated similarly for 24 h. Ten
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Table 2.6,Ii) Wild type isolates examined in studies of DHFR activity 
and plasmid content

E.influenzae MIC Trim Other resistance* Site of .
R1 0.12 SPU
76 128 Su SPU
109 64 Cm - Te - Su URT
133 64 Su URT
176 64 Su URT
189 128 Cm - Te - Su SPU
257 128 Su URT
340 32 Su URT
437 32 EYE
508 64 SPU
516 128 Cm - Te - Su SPU
609 128 Amp+ - Cm - Te - Su SPU
865 32 Amp* - Su SPU
1189 128 Amp- - Su SPU
1338 128 Su SPU
1463 128 Cm - Te - Su SPU
1593 128 EAR
1649 128 Su SPU
3399 64 Amp+ - Cm - Te - Su EYE

* Amp+ beta-lactamase positive, Amp" beta-lactamase negative 
Cm Chloramphenicol 
Te Tetracycline 
Su Sulphamethoxazole
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millilitres of this culture were mixed with 90 ml freshly-supplemented 
warmed sISB containing 0.25 mg/1 trimethoprim and incubated as above. 
The process was repeated daily with doubling concentrations of 
trimethoprim up to 32 mg/1. Ten 0.1 ml spread plates of this final 
broth were made on chocolate agar. Each of the colonies obtained was 
separately subcultured (coded TRln ) before determining MICs of 
trimethoprim in parallel with the parent R1 as in 2.1.4.

2.6.4 Transfer of trimethoprim resistance to susceptible recipients 
Transformation into Rd

Using DNA lysates, prepared as previously described/from wild-type 
E.influenzae 1448 and 1593 together with two resistant mutants derived 
from R l ,  TRlg and T R l l l r  the procedure of transformation was performed 
as described in 2.4.3 except cells were diluted in sISB before overnight 
incubation to allow recovery from the inhibitory effects of the 
competence medium. Hence any thymidine in the 2 ml sBHI suspension was 
destroyed by the thymidine phosphorylase of the lysed horse blood. 
Therefore, following plating on to isosensitest agar plates supplemented 
similarly to the broth and containing trimethoprim at 1 or 2 mg/i / there 
was no interference with the inhibitory action of trimethoprim by 
residual thymidine in the 0.1 ml broth volumes used (Amyes and Smith, 
1978a). Ten trimethoprim-containing plates at each concentration were 
plated from each recovery broth. Control cultures and plates were 
included as previously outlined so that the frequency of transformation 
could be calculated.
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Filter-paper matings
Using the same four donors and RISa as recipient, filter-paper 

matings were attempted as described in 2.4.3 except that donor and 
recipient were grown in sISB and cells scraped from the incubated 
filters were allowed to multiply in sISB before plating for the reasons 
stated above. Offspring were selected by plating 0.1 ml volumes on to 
sISA plates containing 128 mg/1 streptomycin and 2 mg/1 trimethoprim. 
Control broths and plates were included as previously described.

Confirmation of identity of putative offspring
MICs of trimethoprim were confirmed by the methods of 2.1.4. In 

addition, biotypes of putative transformants were compared with those of 
the donors and the recipient Rd by the methods described in 2.1.2.

2.6.5 Preparation of extracts containing DHFR
H.influenzae were grown overnight at 37°C in 10 ml volumes of Iso- 

sensitest broth supplemented with haemin and NAD, both at 10 mg/1, with 
shaking at 150 rpm. Suspensions were mixed with 90 ml fresh broth and 
incubated similarly for 5 h. Cells were harvested by centrifugation at
3,000 rpm for 15 min.

Crude extracts were prepared as described by de Groot et al. (1988) 
based on the method of Sundstrom et al. (1987). Pellets were washed 
three times in 0.05 M Tris-HCl at pH 7.2 containing 1 mM
dithioerythritol, 0.05 M KC1 and 1 mM EDTA. Cells were resuspended in
2 ml of the same solution and sonicated in 4 x 15s bursts at an 
amplitude of 20 u (MSE ultrasonicator) with constant cooling on ice. 
Debris was removed by centrifugation at 12,000 rpm for 30 min at 4°C
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(Europa, MSE) and the clear supernatants stored at -20°C following 
estimation of protein content by the method of Lowry et al, (1951).

Three resistant isolates were examined for any induction of DHFR 
activity following exposure to trimethoprim. Cells were grown overnight 
as above but in the presence of 2 mg/1 trimethoprim before transfer to
similar broth for 5 h and preparation of extracts as above. In order to
check that no interference with or loss of activity of trimethoprim 
occurred under these incubation conditions, R1 was exposed to
trimethoprim in parallel with test strains. Survival of R1 was measured 
by making 10 x 0.1 ml spread plates on chocolate agar after overnight 
incubation.

2.6.6 Conditions used in DHFR assays 
Determination of enzyme activity

Assays of DHFR activity in crude extracts were carried out
according to the method of Osborn and Huennekens (1958) with slight 
modification. The reaction mixture, final volume 1 ml, contained 50 mM 
sodium phosphate buffer, pH 7.5, 10 mM beta-mercaptoethanol, together
with 0.1 mM dihydrofolic acid and 0.1 mM NADPH (tetrasodium salt) (both 
from Sigma Chemical Co.). Contents of the reference cuvette differed 
only in that 100 ul distilled water replaced 100 ul NADPH solution. 
Keeping temperature at 30°C, the reaction was started by addition of 
50 ul enzyme extract to both cuvettes. The decrease in absorbance as 
NADPH was converted to NADP with time was monitored at 340 nm in an 
SP1700 Pye Unicam dual beam spectrophotometer linked to a chart 
recorder.
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Non-specific dehydrogenation of NADPH by other enzymes present in 
the crude extracts was estimated for each preparation assayed. Using 
the same reaction conditions, dihydrofolic acid was omitted from both 
reference and reaction cuvettes, making up the volume deficit with 
distilled water. Decrease in absorbance was monitored as above and 
activity due to the presence of oxidoreductases other than DHFR was 
taken into account when calculating specific activities.

Enzyme activity was expressed in units as defined by Osborn and 
Huennekens where 1 unit is eguivalent to the amount of activity which 
produces a decrease in optical density of 0.010 per minute under the 
conditions described above. Activity/mg protein was then calculated 
from the results of the estimations of protein content in each 
supernatant.

Assay to assay variations of observed activities in the same 
preparation were estimated for extracts from five trimethoprim-resistant 
H.influenzae. In addition, DHFR activities in two separate extracts 
derived from each of nine isolates were compared to determine 
preparation to preparation variation. These nine included two 
trimethoprim-resistant mutants of R1 from which extracts were prepared 
before and after nine months storage at -70°C.

Inhibition of DHFR activity by trimethoprim
Assays were performed by incorporating the reguired concentration 

of drug into the phosphate buffer immediately before use. Using the 
same volumes as for assay of DHFR activity, buffer with trimethoprim, 
NADPH and enzyme extracts were mixed and incubated at 30°C for 3 min 
before triggering the reaction by addition of dihydrofolic acid. The
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constituents of the reference cuvette were as before except that 
trimethoprim was incorporated as for the test mixture. Activity was 
monitored as previously described. Final concentrations of trimethoprim 
in the incubation mixtures ranged from 10“4 to 10-9 M.

Also examined were any differences in activity that might result 
from incubation of extract with NADPH before starting the reaction by 
addition of dihydrofolate. One extract found to produce a rapid 
decrease in absorbance when assayed under routine conditions was mixed 
in the usual proportions with buffer and NADPH and incubated for 3 min 
at 30°C before starting the reaction with dihydrofolic acid, monitoring 
activity in the usual way against reference mixture lacking NADPH.

DHFR inactivation by heat
Changes in DHFR activity following exposure to heat were determined 

as described by Skold and Widh (1974) and Young and Amyes (1985). Crude 
extracts were mixed with pre-warmed assay buffer in the usual 
proportions and kept at 45°C in a water bath for 10 minutes. Mixtures 
were cooled on ice for 1 min and then placed in a water bath at 30°C for 
5 min before adding NADPH and dihydrofolic acid to start the reaction. 
For each extract tested, the experiment was repeated without addition of 
substrate so that changes in non-specific oxidoreductase activity (i.e. 
background activity) could be monitored.

2.6.7 Polyacrylamide gel electrophoresis of crude extracts
PAGE was performed according to the description of Tennhammar-Ekman 

and Skold (1979) with some modifications. Freshly thawed aliquots 
(50 ul) of extract were mixed with an equal volume of loading buffer
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(0.5 M Tris-HCl at pH 8.8 containing 40% (wt/vol) sucrose, 1% (vol/vol) 
mercaptoethanol and 0.25% (wt/vol) bromophenol blue). Samples of each 
mixture (40 ul) were loaded directly on to two identical separating gels 
at corresponding positions. Constituents of the gels were as in 2.4.5 
except that'SDS was omitted and running conditions were as in 2.4 except 
that 100 v/gel and an SDS-free buffer were used. Cooling was by tap 
water with 20 cm of tubing passing through an ice bath.

When the dye marker was within 0.5 cm of the bottom of the gel, 
electrophoresis was halted and the two gels washed separately in 0.2 M 
potassium phosphate buffer, pH 6.9. After the second wash, gels were 
immersed in fresh buffer containing 1.2 mM NADPH. To one of the gels, 
dihydrofolic acid was added to the mixture at a final concentration of 
0.8 mM. Following 5 min at 37°C in a light-tight incubator, MTT 
(tetrazolium salt) was added at 0.6 mM to both gels as described by 
Altman (1972). Dishes were replaced in the incubator for a further 
45 min before two final washes in the phosphate buffer and gels were 
then inspected on a cold light illuminator and photographed.

The zymographic staining technique relies on reduction of MTT by 
tetrahydrofolic acid which has been produced in the first gel at sites 
where DHFR has reacted with substrate. An insoluble blue (formazan) 
deposit forms at sites of DHFR activity. Sites of non-specific 
reduction of MTT by other reducing substances in the second gel which 
had not been exposed to dihydrofolic acid, were compared with the 
pattern seen in an attempt to identify specific bands which corresponded 
with DHFR activity.
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CHAPTER 3
EPIDEMIOLOGY OF ANTIMICROBIAL RESISTANCE
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3.1 Results of the 1986 UK survey of the prevalence of resistance among
clinical isolates of Haemophilus influenzae

3.1.1 Acceptable isolates for further study
Verification of isolates as belonging to the species H.influenzae 

was based on XV-dependency by disc satellitism, a negative porphyrin 
production test, failure to produce haemolysis on fresh blood agar and 
lack of dependency on a C02-enriched atmosphere for growth. Of the 2,805 
live cultures received, 2,458 met the stated requirements for inclusion 
in the study. Those rejected were made up of Haemophilus parainfluenzae 
and other V-dependent species (86), H,haemolyticus (5), and other 
Haemophilus species, together with some Heisseria species, including 
Branhamella catarrhalis, and others (280). Correlation between V- 
dependency and a positive porphyrin production test was 98%. Many of 
the non-Haemophilus isolates identified produced porphyrins.

The proportional contribution of isolates from the 
223 participating laboratories in the 1986 survey varied from 1-16% 
compared with 1-11% per centre in 1981. However, between the 1981 and 
1986 surveys the proportional contributions of only seven centres 
differed by more than 2% of the total number. These differences in 
proportion were all <5% and none of the seven laboratories provided 
isolates which had appreciably different prevalences of resistance to 
any one agent when compared with the overall figures. Hence, any major 
bias on 1981-86 figures due to disproportionate differences in 
contribution seemed unlikely. The expected mean proportional 
contribution was 4% per centre in both these later surveys.
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3.1.2 Overall national figures for the prevalence of resistance
From the total 2,458 H.influenzae collected, susceptibility testing 

results for the five antimicrobials studied in all three surveys were 
available for 2,434 of these isolates (losses were due to death on 
storage). The initial differentiation of susceptible and resistant 
populations was based upon zone diameter. As in previous surveys, a 
zone of <20 mm under the conditions of testing described was used as an 
indicator of drug resistance. The prevalences of resistance as 
determined by this parameter alone are shown in Table 3.1.(i).

Discrepancies were observed between figures based solely on disc 
susceptibility testing and those obtained following MIC determination. 
The latter method used an inoculum size of only 104 cfu compared with 
the relatively heavy inoculum used to produce semi-confluent growth for 
measurement of zones of inhibition. The importance of this difference 
is known to be particularly crucial when testing beta-lactams and is 
discussed later. The range of MICs observed for isolates which 
produced zones of <20 mm diameter to each antimicrobial agent are shown 
in Table 3.1(H). In Table 3.1.(iii), the resistance breakpoints used in 
the previous UK surveys which combine these zone diameter and MIC data 
have been applied to the figures and the final prevalences of resistance 
derived from these parameters are compared between surveys. The reasons 
for the discrepancies between these tables are discussed in Chapters 4 
and 5. However, the percentage of the total isolates for which the zone 
diameter indication of susceptibility or resistance was contradicted by 
the MIC result was 6% (151 H.influenzae) and discrepancies regarding 
sulphamethoxazole accounted for 70% of these instances.
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Table 3.1.(i) Distribution of isolates accordina to zone diameter and 
apparent prevalence of resistance as measured bv this 
parameter

£20 mm
Antimicrobial agent (susceptible)

<20 mm 
(resistant) % resistant

Ampicillin : total 2149 385 11.7
: B+ 151 6.2
: B- 2149 134 5.5

Tetracycline 2367 67 2.3
Chloramphenicol 2402 32 1.3
Trimethoprim 2329 105 4.3
Sulphamethoxazole 2243 191 8.9

Table 3.1.(ii) Distribution of MIC values obtained from 
which produced a zone diameter of <20 mm 
the antimicrobials tested

H.influenzae 
for each of

Antimicrobial .12 .25 .5 1 2 4 8 16 32 64 128 >256
Ampicillin 6 beta-lactamase-b

14 16 29 36 33 14 3

Ampicillin 1 6 27 38 24 
beta-lactamase—

21 6 4 5 2

Tetracycline 1 0 5 33 20 6 2
Chloramphenicol 2 1 18 9 2
Trimethoprim 1 1 1 3 5 16 25 53
Sulphamethoxazole 2 12 26 66 25 22 16 22
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Table 3,1.(iii) Percentage of isolates resistant by both zone diameter and MIC parameters
1977 1981 1986

% of total % of total % of total
Ampicillin 1.6% 5.8% 6.2%
beta-lactamase
positive
MIC >,2 mg/1
Ampicillin Nil 0.4% 1.6%*
beta-lactamase
negative
MIC >A mg/1
Ampicillin total 1.6% 6.2% 7.8%
Tetracycline 2.7% 3.1% 2.7%
MIC >A mg/1
Chloramphenicol 0.2% 1.0% 1.7%
£4 mg/1
Trimethoprim 0.2% 1.4% 4.2%*
2-2 mg/1

* Indicate significance (p=<.001) increases in prevalence of 
resistance between 1981 and 1986.
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The prevalences of non-lactamase-mediated resistance to ampicillin 
and resistance to trimethoprim rose significantly (p=<.001) between 1981 
and 1986. No other significant changes were noted. The final figures 
for 1986 have been adjusted for the two beta-lactamase positive isolates 
which produced zones equal to 20 mm diameter and 12 which were 
chloramphenicol-resistant (and found to produce CAT) by MIC or zone 
diameter only. One isolate was resistant to tetracycline and two to 
trimethoprim on disc testing but susceptible by MIC. Of the 
191 resistant to sulphamethoxazole by zone diameter, only 85 required 
£32 mg/1 for inhibition. However, only seven with zone diameters £20 mm 
were able to grow on the 32 mg/1 plate. Problems noted in 1981 led 
these workers to determine MICs of the sulphonamide by tube dilution but 
it was not feasible to repeat this in 1986.

Of the 132 beta-lactamase negative isolates producing reduced zone 
diameters to the 2 ug ampicillin disc, 38 were considered to be 
definitely resistant to ampicillin and 62 of intermediate susceptibility 
(MIC 1 or 2 mg/1) while another 32 were inhibited by ^0.5 mg/1 
ampicillin. Only two of the beta-lactamase negative isolates producing 
zones >20 mm were able to grow on the 2 mg/1 ampicillin plates. The 
significance and explanations for these findings are more fully reported 
and discussed for all five antimicrobial agents in Chapters 4 and 5.

Patterns of multi-resistance observed are summarised in 
Table 3.1.(iv). While all isolates resistant to chloramphenicol were 
also resistant to tetracycline, only 1.21 of ampicillin-susceptible but 
8.3% of beta-lactamase producers were resistant to these two 
antimicrobial agents. However, 7.5% of ampicillin-susceptible and 7.6% 
of beta-lactamase producers were resistant to one or both of the anti-
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folate agents. No beta-lactamase negative isolates with definite 
resistance to ampicillin were found to be resistant to chloramphenicol 
or tetracycline although 26% of this small group were resistant to one 
or both of the anti-folates.

Overall, only 1.5% of the total collected were resistant to three 
or more antimicrobial agents and half of these produced beta-lactamase. 
Fourteen isolates were resistant to four or more and two to all five 
antimicrobials.

3.1.3 Geographical distribution of resistant isolates
While isolates with non-lactamase-mediated resistance to ampicillin 

were widely scattered among participating centres, beta-lactamase 
producers were most commonly sent from High Wycombe (15%), the four 
London-sited laboratories (12%), Portsmouth (11.7%) and Manchester 
(10.5%) (excluding Salford due to the low total collected).

Resistance to chloramphenicol was highest among isolates from 
Bristol and Liverpool (both 3.8%) and was accompanied by an increased 
prevalence of resistance to tetracycline (6.3% and 7.7% respectively). 
Liverpool was also remarkable in that the prevalence of resistance to 
all five antimicrobials there was greater than the national average 
(ampicillin 9.2%, trimethoprim 6.9%, and sulphamethoxazole 5.4%). Other 
centres with above average anti-folate resistance figures were 
Portsmouth and York (7% and 6.7% resistant to trimethoprim 
respectively). Multi-resistant isolates were geographically scattered 
in origin;' the numbers from any one centre were too small for rational 
analysis.
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3.1.4 Encapsulated isolates
Of the 87 typable H.influenzae (3.6% of total), 66 (76%) were of 

capsule type b, the remaining 21 were of types a (7), c (3), d ( 5 ) , e
(4) and f (2). Seventeen of these 21 isolates came from lower 
respiratory tract specimens; none were isolated from cases of invasive 
disease. While type b isolates accounted for 16 of the 24 H.influenzae 
received which were cultured from blood or CSF, the other 50 of the 
total 66 collected were predominantly from lower respiratory tract 
specimens.

Antimicrobial resistance among type b isolates compared with non- 
capsulates is shown in Table 3.1.(v). Production of beta-lactamase was 
three times more common among type b isolates and was found in four of 
the 16 (25%) which came from cases of invasive disease. Non-lactamase- 
mediated resistance to ampicillin (MIC >4 mg/1) was found in six 
isolates but there were no other notable differences between this group 
and the non-capsulates. Two of type b were resistant to 
chloramphenicol, tetracycline and trimethoprim, one of these 
additionally producing beta-lactamase, but neither came from blood or 
CSF.

3.1.5 Site of isolation, biotype and antimicrobial resistance
The distribution of isolates among the various biotypes is shown in 

Table 3.1(vi) for the total collection and for the encapsulated group. 
Of the 557 isolates of biotype 1, 13% were encapsulated, including 15 of 
the 21 encapsulated isolates not of type b. Less than 1% of isolates in 
all other biotype groups were encapsulated. The 16 type b isolates from 
blood or CSF were all of biotype 1. The remaining eight of the 24
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Table 3.1.(v) Prevalence of resistance among type b and non-capsulate
isolates

No. (%) No. (I)
type b non-capsulated

Ampicillin:
Beta-lactamase positive 12 (18) 136 (6)
Beta-lactamase negative 6 (9) 32 (2)

Tetracycline 3 (5) 62 (3)

Chloramphenicol 2 (3) 40 (2)
Trimethoprim 3 (5) 98 (4)

Sulphamethoxazole 2 (3) 82 (4)
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Table 3.1.(vi) Distribution of isolates according to biotype
Distribution (%) Distribution (%) of the

Biotype of total isolates 87 capsulated isolates
I 23 82
II 35 9
III 31.5 4
IV 3 4
V 5 1
VI, VII, VIII 2.5 0

Table 3.1. (vii) Relationship between biotvoe and site from which

Biotype

H.influenzae isolated
Site from which isolated (number of isolates) 

Blood/
CSF URT LRT Ear Eye Others Total

I 20 62 422 18 23 12 557
II 3 90 594 20 125 13 845
III 1 113 518 13 118 6 769
IV 17 45 2 2 1 67
V 23 97 5 3 1 129
VI, VII 
and VIII

7 54 2 2 2 67

Total 24 312 1,730 60 273 35 2,434
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collected from these sites were either of biotype 1 but non-capsulate 
(4) or of other biotypes and non-capsulate (4).

The relationships between biotype and site of isolation are 
summarised in Table 3.1.(vii). Most isolates came from respiratory 
tract sites (including nasopharyngeal aspirates and antral wash-outs). 
Biotypes II and III predominated at all sites except among blood and CSF 
isolates due to the linkage between type b encapsulation, biotype I and 
invasive disease already mentioned. The 35 isolates from unspecified 
sites included those from the genito-urinary tract and wound swabs.

After correcting for the proportion of isolates collected from each 
site of isolation and for the proportion of the total in each biotype, 
no strong correlations were noted between either of these factors and 
the prevalence of resistance except for two instances. As already 
stated, there was a much higher prevalence of beta-lactamase production 
among type b H.influenzae. Since type b isolates accounted for 2/3 of 
blood and CSF isolates with isolates of biotype I accounting for 3/4 of 
this group, an association between these sites and beta-lactamase 
production was expected. However, of the total 557 isolates of 
biotype I, 6.4% (i.e. around the national average) produced beta-
lactamase showing that the association was with encapsulation and not 
with the biotype I genotype.

Secondly, 5.2% of isolates from the lower respiratory tract showed 
non-lactamase-mediated reduced susceptibility to ampicillin. Overall, 
91% of isolates with this type of resistance came from sputa and 97% 
came from respiratory tract sites (83% of all other isolates were from 
the respiratory tract) as shown in Table 3.1.(viii). Since 64% of lower
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Table 3.1.(viii) Sources of isolates with non-lactamase-mediated reduced susceptibility to ampicillin
No.of % of isolates
resistant isolates % all from source

1986 survey with intrinsic
Non- isolates from beta-lactam

Source Type b capsulate this source resistance
Sputum 6 85 70 5
Nasopharyngeal 6 13 2
Ear 1 2.5 2
Unknown 2 1 8

6 94

Table 3.1.fix) Susceptibility to ampicillin of isolates from patients 
for whom information on current therapy was provided

Therapy
Result of
susceptibility testing Amp/amox

Other
B-lactam

No therapy or 
non-B-lactam Total

Ampicillin-susceptible 167 98 906 1,171
Beta-lactamase positive 27 6 62 95
Ampicillin MIC >A mg/1 
beta-lactamase negative

7 7 22 36

Total 201 111 990 1,302
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respiratory tract isolates were of biotypes II or III, it is not 
surprising that 62% of isolates with this type of resistance belonged to 
one or other of these biotypes.

3.1.6 Resistance figures related to patient information
Approximately 70% of all isolates came from in-patients, 17% from 

out-patients, 10% from GP-patients and 3% were of unknown origin. 
Having accounted for these differences, there was no association between 
patient situation at the time the specimen was taken and the prevalence 
of resistance to any one antimicrobial agent. Data provided regarding 
patient age was incomplete with some laboratories in particular 
consistently failing to provide information so that analysis was not 
possible.

Information as to current treatment at the time of taking the 
specimen was available for 1,302 patients. Table 3.1.(ix) shows that of 
the 207 patients on ampicillin or amoxycillin (amp/amox), 16% were 
infected with a resistant isolate compared with 12% of patients on other 
beta-lactams and 9% of those on other or no therapy (p=<.01). Of the 
111 patients on other (predominantly beta-lactamase-stable) beta- 
lactams, 6% were infected with isolates possessing non-lactamase- 
mediated reduced susceptibility compared with 2% of those on amp/amox 
and 2% of those on other or no therapy.

Unfortunately, data as to the site of the infection being treated 
was incomplete and differences described cannot be interpreted in the 
light of information regarding the period of treatment already completed 
when the specimen was collected nor with the repetition and time course 
of treatments.
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3.2 Results of the 1986 European survey
3.2.1 Origin of acceptable isolates

The number of isolates collected in each of the nine participating 
countries varied from 158 in Switzerland to 368 in Sweden (mean number 
of strains per country = 218). A total of 1,922 Haemophilus influenzae 
isolates were suitable for analysis.

3.2.2 Inter-laboratory reproducibility and choice of resistance 
breakpoints

Susceptibility testing gave comparable results in all centres. 
Results of the two batches of reference strains showed that the various 
participating centres produced results deviating from each other and the 
given values by only + one dilution step. These variations were
considered to be within the limits of accuracy of the method. The 
presence of beta-lactamase production amongst the reference strains was 
always correctly reported irrespective of the method used. Results of 
retesting in Munich of resistant and selected sensitive isolates sent as 
a control measure produced a correlation between original and retest 
results for all antimicrobials of >80% for all countries.

Inhibitory concentrations of four of these agents, measured by both 
European and UK survey methods for the 201 British H.influenzae

submitted, did not differ from each other by more than one dilution step
and were predominantly equal. Similar correlations between their own
methods and those employed in the survey were reported by participants 
from France, Belgium, The Netherlands and Sweden.

Following this analysis of international variation and taking into 
account the likely spread of MICs for each antimicrobial agent tested,
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the following concentrations were chosen as resistance breakpoints: 
ampicillin >2 mg/1, chloramphenicol >2 mg/1, cefaclor >8 mg/1, 
erythromycin >4 mg/1, tetracycline >2 mg/1.

3.2.3 Overall European prevalence of resistance and individual national figures
The percentages of isolates collected showing resistance to each 

antimicrobial tested are shown in Table 3.2.(i), separating results for 
type b and non-capsulate isolates within each country.

The greatest international differences were seen in the prevalence 
of ampicillin resistance. Within each country (except for West Germany 
where the prevalence of ampicillin resistance was extremely low) type b 
isolates were found to be beta-lactamase positive far more commonly than 
non-capsulates, the highest percentages being amongst Spanish and 
Belgian H.influenzae which were also the groups most commonly resistant 
to chloramphenicol and tetracycline. The Spanish and Belgian totals for 
beta-lactamase production were fair reflections of the national 
prevalences and were not biased by the contribution of any one 
laboratory (e.g. in Spain individual centres reported as follows: Murcia 
17%, Bilbao 21%, Madrid 24%, Seville 25%, Barcelona 36% and Valencia 
46%). While the overall European figure for ampicillin resistance was 
11%, 216 of these 222 isolates produced beta-lactamase, suggesting that 
non-lactamase-mediated resistance was very uncommon.

Little difference in prevalence of resistance to other 
antimicrobials was seen between France, The Netherlands, Sweden and the
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I in Ĉ > VO o O CN N* i—i vo r- i
CO rH CN rH VO rH rH I

COXJG
>1 PG l—1 XIP Jh G
B P P
M P rH

i P £2 P P P
1 *H P U P c P
1 >H •rH u Z G p N rH 1
1 p Cn G P •rH X) P P 1
1 CO rH P CO P P p •H P  1
1 G P M p P P. 3 3 O 1
1 < CQ EX4 3: P> EH CO CO CO Eh 1

117



UK. Isolates from Switzerland, Austria and West Germany consistently 
produced the lowest figures observed with the exception that resistance 
to cefaclor was very low in all countries.

Resistance to erythromycin also appeared to vary considerably but 
interpretation of these figures is difficult. The distribution of 
isolates according to MICs observed for this agent showed a single 
population in an approximate normal distribution curve. This was in 
contrast with the pattern seen for ampicillin, where two distinct 
populations of isolates could be distinguished and few isolates fell 
between groups. Hence one tube dilution difference in the breakpoint 
chosen would have altered very considerably the final percentage of 
isolates considered to be resistant to erythromycin. Since this degree 
of difference is within experimental error, apparent international 
variations with regard to erythromycin are unlikely to be real whereas 
those observed for ampicillin undoubtedly reflect true regional 
prevalences of resistance.

As expected, tetracycline resistance exceeded or equalled 
chloramphenicol resistance in all countries. No isolates were found to 
be chloramphenicol-resistant and tetracycline-susceptible. Apart from 
Belgian and Spanish type b and non-capsulate isolates, the prevalence of 
chloramphenicol and tetracycline resistance was generally low with no 
significant difference between b and non-b groups. Again, national 
figures for these two countries were unbiased by an abnormally large 
contribution from any one laboratory in an area of high prevalence of 
resistance.
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Resistance to more than one agent was observed in 149 isolates (8% 
of total), most commonly to ampicillin, chloramphenicol and tetracycline 
(51 of total). In addition, 30 isolates (1.5%) were resistant to 
ampicillin and tetracycline and 22 (1%) to chloramphenicol and
tetracycline. All ampicillin-resistant E.influenzae among these 149 
produced beta-lactamase. More than half of the 97 resistant to all 
three agents were isolated either in Spain (44) or Belgium (19). 
Resistance to ampicillin together with tetracycline, but not the other
combinations, was higher among type b isolates (2.51) than among non-
capsulates (1%).

3.2.4 Encapsulated isolates
Most (70%) of the body fluid isolates (blood, CSF, joints) were of 

type b compared with only 22% of isolates from the respiratory tract and 
9% of those from eyes and ears. Of the 339 type b isolates from
patients of known age, 163 (48%) came from children ^2 years old, as 
shown later in Table 3.2.(iv), of which 18% produced beta-lactamase. 
These strong relationships between type b isolates and the age of the 
patient and specimen source, together with the information on
differences in prevalence of ampicillin resistance between type b and 
non-capsulate groups, indicate that caution is needed in interpreting 
overall national and European figures without consideration of the 
proportion of isolates collected within each of these categories.

3.2.5 Antimicrobial resistance in relation to site of isolation 
Differences in prevalence of resistance according to the specimen

source are summarised in Table 3.2.(ii). Interpretation of these
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figures must take into account the proportion from each site of capsule 
type b and the information in Table 3.2.(i) regarding prevalence 
differences between type b and non-capsulate organisms. Hence, it is not 
surprising that if the small number of skin/tissue isolates are ignored, 
ampicillin resistance by means of beta-lactamase production is highest 
among body fluid isolates. Tissue isolates came mainly from lung and 
pleural biopsies from patients with severe infections so it is, perhaps, 
a little surprising that only 15% of them were of type b.

The national proportional contributions of isolates from each 
specimen source would also be expected to influence the total prevalence 
of resistance figures due to site-related differences. However, as 
already suggested, differences between countries in type of isolate
contributed were not sufficient to explain the figures arrived at in 
Table 3.2.(i). Overall, the strongest influence on national figures
seemed to be the prevalence of resistance among type b strains,
particularly with regard to beta-lactamase production and the proportion 
of these collected irrespective of the source of the specimen or the age 
of the patient.

3.2.6 Resistance figures related to age of the patient
A specific age (months/years) was available for 1,691 of the total 

1,922 isolates. Although half of the type b isolates collected came
from patients under two years of age, 18% of these produced beta-
lactamase compared with 16% of those type b isolated from older age
groups combined (Tables 3.2.(iii) and 3.2.(iv)). This similarity
suggests that H.influenzae b from the under two years age group were no
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Table 3 . 2 . 1 iii) Distribution of beta-lactamase-producing H.influenzae
according to patient age (where age was known)

Serotype b Non-serotype b

Age
Total
no.

B-lactamase
positive

I
Total
no.

B-lactamasepositive
%

0 - 1  mths 2 0 19 0
2 mths - 2 yrs 161 18 339 11
3 - 5  yrs 49 10 139 14
6 - 1 0  yrs 24 29 90 10

11 - 15 yrs 6 33 27 11
16 - 25 yrs 11 9 83 8
26 - 50 yrs 32 16 231 6
51 - 75 yrs 39 13 338 9
>75 yrs 15 13 86 3

Total all ages 339 17 1,352 9

i
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Table 3,2.(iv) Prevalence of beta-lactamase production according to
patient age (where age was known)

Age .<15 years Age >15 years
B-lactamase B-lactamase

Country
Total
no.

positive
%

Total
no. positive%

Austria 63 6 74 5
Belgium 70 40 102 15
France 154 10 84 13
West Germany 83 1 131 2
UK 39 15 90 9
The Netherlands 69 13 81 0
Spain 62 40 92 21
Sweden 246 8 90 4
Switzerland 70 9 91 4
Total 856 13 835 8

I
\

123



more likely to be ampicillin-resistant than those producing infections 
later in life.

The proportion of isolates from each country which came from those 
.<15 years or >15 years might also be expected to have a bearing on the 
total percentage of ampicillin resistance since Table 3.2.(vi) suggests 
that H.influenzae from those ,<15 years are more commonly 
beta-lactamase positive whether or not they are encapsulated. 
Differences between age groups in prevalence of beta-lactamase producers 
were most marked from Belgium, The Netherlands and Spain.

Hence, there are many possible confounding factors in the 
interpretation of national prevalence figures obtained in this survey 
due to the variation in total numbers collected by each participant, the 
differences in proportions contributed of type b isolates, paediatric 
isolates and, in combination with these factors, isolates from cases of 
invasive disease. The likely effect of these and the validity of the 
data obtained are further discussed in Section 3.3.

3.3 Discussion of results obtained in both surveys: comparison with
world literature and conclusions

3.3.1 Identification of the species H.influenzae
The classical way of determining that a species is Haemophilus 

influenzae is by XV dependence. Kilian (1974, 1976) and Lund and
Blazevic (1977) observed that a correct XV test result depends on 
quality of the nutrient agar (i.e. no trace amounts of X and V) and 
incubation in air aerobically to avoid confusion with XV-dependent, C02- 
dependent species. False X-dependency occurs when the X disc is too 
close to the V or XV discs due to the diffusing properties of NAD.
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Failure to detect X-dependency may occur if the organism inoculated is 
not from fresh culture on nutritive agar which can result in NAD 
depletion and failure to grow without supplementation of this cofactor.

Failure to detect V-dependency occurs when X consumption is 
excessive as occurs in media rich in peroxide where much haemin is used 
for peroxidase production. Use of a heavy inoculum under such 
conditions provides sufficient net enzymic activity for destruction of 
these toxic free radicals without exhaustion and death of all individual 
organisms. However, a light inoculum of H.influenzae may result in no 
growth around the XV disc whereas too light an inoculum of a V-dependent 
species may result either in no growth or growth only around the XV disc 
where supplementary haemin is available.

The porphyrin production test proved to be a useful indicator of 
both haemin-independent species within the genus Haemophilus and of 
species of other genera. However, excellent correlation (98%) was seen 
between establishment of V-dependency by XV disc testing and a 4 h 
positive test. Many of the species able to grow profusely over the 
nutrient agar plate also produced positive tests at 4 h. Re-incubation 
up to 48 h did not increase the number of positive porphyrin-production 
results obtained at 4 h indicating reliability of this short-incubation 
test.

The species H.influenzae, H.haemolytic us, H.haemoglohinophilus and 
H.ducreyi are the only members of the genus lacking the S'-ala-synthetase 
enzyme so resulting in a negative test (Kilian, 1974). H.ducreyi is 
rare in UK specimens, H .haemoglohinophi 1 us is rare in human specimens 
and H.haemolyticus produces recognisable haemolysis even on chocolate
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agar. Thus non-C02-requiring organisms of the correct morphology, 
micro- and macroscopically, which are porphyrin production test negative 
can be assumed to be H.influenzae (Kilian, 1976).

None of the UK participating laboratories reported routine use of 
this test although it is now available commercially. The number of In
dependent isolates received was not surprising in view of the above. 
Implementation of the test using home-made reagent (stable for nine 
months at -20°C) would cost, in terms of buffer and S - ala, less than 
£15.00 for 3,000 tests, would provide same-day identification and would 
negate the use of satellite testing provided that other features of the 
organism were correct.

More surprising was the proportion (12%) of non-XV-dependent 
isolates received. Most of these would either have grown profusely or 
not at all on nutrient agar plates, with or without C02 (21 of
23 laboratories incubated their satellite test plates in 5% C02 —  -this 
would be expected to misidentify a few Haemophilus species). Part of 
the explanation may be that chocolate slopes were inoculated from 
primary culture plates so that the wrong colony(ies) were picked up for 
dispatch. It is also possible that mixed colonies were subcultured on
to slopes and that the Haemophilus species were outgrown by other 
organisms during incubation and transport.

Nevertheless, some degree of misidentification is evident and 
confusion is particularly likely to occur within the genus and between 
other species of the HACEK group. Some of these (e.g Actinobacillus 
actinomycetemcomitans and Cardiobacterium hominis) are X-dependent and
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may cause further confusion unless careful attention is paid to other 
growth characteristics.

3.3.2 Geographical variation in prevalence of antimicrobial resistance 
among type b and non-capsulate isolates

United Kingdom
Ampicillin

The overall prevalence of beta-lactamase production by E.influenzae 
in the United Kingdom is still low (6.2%) compared with many countries 
as discussed below. Type b isolates have shown a higher prevalence of 
beta-lactamase production when compared with non-capsulates in all three 
UK surveys - a phenomenon noted in many other national studies. The 
overall prevalence of beta-lactamase production did not change 
appreciably between 1981 and 1986, but there was a significant increase 
(p=<«001) from 0.451 of isolates in 1981 to 1.6% in 1986 in the 
prevalence of beta-lactamase negative resistance (MICs of ampicillin 
£4 mg/1). In addition, the prevalence of beta-lactamase negative 
isolates with reduced zone diameters around 2 ug ampicillin discs and 
minimum inhibitory concentrations of 1-2 mg/1 increased significantly 
from 1.6% in 1981 to 2.5% in 1986 (p=<.001). Hence 4.1% of the 1986 
total showed some degree of non-lactamase-mediated reduced 
susceptibility to ampicillin.

Only three type b isolates with such resistance (two from CSF) have 
been previously reported (see Chapter 1) but six were found in the UK 
survey among encapsulated E.influenzae. Although this represents a 
major difference between type b and non-capsulate groups (9% compared 
with just under 4% respectively) the total numbers involved are rather 
small. These six isolates all came from the lower respiratory tract.
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Chloramphenicol
The prevalence of resistance to chloramphenicol did not increase 

significantly between 1981 and 1986, but the distribution of such 
isolates was interesting being highest in the ports, Bristol and 
Liverpool. Association of antimicrobial resistance with ports was also 
noted by several participants in the European survey, particularly in 
Hamburg, Rotterdam, Bilbao and Marseilles, but this correlation is 
beyond explanation other than conjecture that resistant isolates may be 
introduced into the carriage population by visitors from other areas of 
high prevalence of resistance.

Tetracycline
Despite the continued widespread use of tetracycline and its 

derivatives by general practitioners, resistance had not changed since 
1977. In view of the genetic linkage between the CAT gene and the 
tetracycline resistance transposon (see Chapters 1 and 5), it may be 
reasonable to suppose that, while tetracycline resistance remains of low 
prevalence, chloramphenicol resistance will not show any marked increase 
with time although its UK prevalence (1.6%) is slowly approaching the 
current figure for tetracycline (2.7%).

Trimethoprim
Resistance to trimethoprim increased significantly from 1.4% in 

1981 to 4.2% in 1986 (p<0.001). The vogue for using trimethoprim alone 
(i.e. without combination with sulphamethoxazole) during this period may 
have contributed to this and is discussed in Chapter 7.
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International figures of the prevalence of resistance
Use of the same laboratories (with one exception), consecutive 

collection, identical susceptibility testing methods and establishment 
of similar proportional contributions from participants in 1981 and 1986 
all support the validity of the changes observed over the five year 
interval. In contrast, apart from a uniform susceptibility testing 
method with good inter-laboratory reproducibility, several possible 
reasons for abnormal bias in results were introduced into the European 
survey, many of which were almost unavoidable in such a large-scale 
multinational co-operation effort. Nevertheless, results for individual 
countries reflect surprisingly closely the figures obtained from several 
surveys conducted around the same time by various participants.

Good agreement was observed between the national figures reported 
from isolates contributed to this survey and the UK figures reported 
above as well as with results of a 1985 French survey (Dabernat et al,, 
1986), 1983 and 1986 Netherlands surveys (van Klingeren et al,, 1987?
van Alphen et al,, 1988) and observations in the Barcelona area of Spain 
(Campos et al,, 1984; 1986; Campos and Garcia-Tornel, 1987). This is
especially notable in view of the many different methods of 
susceptibility testing and more minor variations in resistance 
breakpoints that were applied in these national or local studies.

Any comparisons with figures obtained from studies conducted 
outside Europe meet with the same potential pitfalls of methods, 
breakpoints, population studied (i.e. children, adults) and, related to 
this, the proportion of type b isolates for which the prevalence of 
resistance is sometimes not published separately from non-capsulates. 
Nevertheless, ignoring small differences, comparison of national figures
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has provided some interesting features which are not always easily 
explained.

Ampicillin
The association of beta-lactamase production with capsule type b 

isolates has been universally reported but the actual figures for 
prevalence among these and non-capsulates vary considerably. Some of 
the estimations available are summarised in Table 3.3.(i). From the 
European survey, W. Germany and Austria provided the lowest observed 
overall prevalences of beta-lactamase producers while the Belgian and 
Spanish figures reflect those reported by the Belgian Institute of 
Hygiene and Tropical Medicine in Antwerp (E. van Dyck, personal 
communication) and those published from Barcelona (see Table). Isolates 
from the latter centre, however, did not unduly bias the figures for 
that country since all the six participating centres provided isolates 
amongst which the prevalences of ampicillin, chloramphenicol and 
tetracycline resistance were markedly higher than those of any other 
European laboratory.

Other countries in which beta-lactamase-producing type b isolates 
are very common are Greece and USA although in the latter study (Doern 
et al., 1988) a wide range was seen across the 30 participating centres 
with the highest prevalences being in New York, Illinois and California 
and the lowest in the South Eastern states. Few published figures are 
available for Asia where invasive H.influenzae disease is less commonly 
diagnosed according to available public figures. However, beta-lactamase 
production has reached 25% overall in Hong Kong (KhiThin Oo et al., 
1987; data on file at the Chinese University of Hong Kong) and in
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Table 3,3.li) Comparison of worldwide reports of the prevalence of beta-lactamase-producing H.influenzae

Beta-lactamase producers
Reporting country % type b % non-capsulate
France 1985
(Dabernat et al,, 1986)

15 11

The Netherlands 1986
(van Klingeren et al., 1987)

14 9

Europe 1986 5-64 2-26
(see text) (av.17) (av.ll)
Spain 1983
(Campos et al,, 1986)

60 NR

USA 1986 0-94 0-29
(Doern et al,, 1988) (av.32) (av.16)
Wales 1986
(Howard and Williams, 1988)

13 8

Greece 1987(Kanellakopoulou et al,, 1988)
46 20

Denmark and Greenland 
(Cordtz et al,, 1988)

5 2

Canada 1987
(Righter and Luchsinger, 1988)

23 8
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Bangkok, multi-resistant H.influenzae are isolated from most of the 
small numbers of cases of meningitis due to this species seen in the 
city (data on file: Ramathibodi University Hospital).

Amongst the reports listed in Table 3.3.(i), most authors mentioned 
a complete lack of isolates possessing non-lactamase-mediated resistance 
to ampicillin. While problems with their detection and breakpoints for 
susceptibility are discussed in Chapter 4, it is interesting that the 
4.0% of UK isolates with this type of resistance (reduced zone and 
MIC >1 mg/1) compares with 2.1% of Welsh isolates requiring at least 
2 mg/1 ampicillin for inhibition and 6% of USA isolates inhibited at 
>X mg/1 (both these studies recorded MICs only). The 0.5% of total 
beta-lactamase negative European isolates inhibited at >2 mg/1 came from 
the UK, Belgium and Spain and were all from the respiratory tract.

Chloramphenicol and tetracycline
Across Europe, resistance to chloramphenicol (and hence 

tetracycline) appeared to be a problem only in Belgium and Spain. In 
1986, Campos et al. reported that in and around Barcelona more than 60% 
of isolates from CSF (almost all of type b) were resistant to 
ampicillin, chloramphenicol, tetracycline and often also to the anti
folates. Chloramphenicol resistance was also far more common among non- 
capsulate isolates from these two countries. In contrast, among the 
other studies listed in Table 3.3.(i), the prevalences overall ranged 
from about 3% in The Netherlands, France and Greece to less than 1% 
across the USA and none found in Toronto among 250 isolates in 1987.

The reasons for these major differences are not clear. Certainly 
chloramphenicol is freely available without prescription in Spain but
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its use in Belgium is limited to clinical situations similar to those 
for which it is administered in the UK (i.e. typhoid, meningitis and 
occasionally for some chest infections in a very small number of 
patients). Whether selection pressure resulting from widespread usage 
is sufficient to explain the Spanish problem is open to conjecture. 
Certainly Campos et al, (1987) established that in Barcelona, at least, 
the problem was not due to circulation of type b isolates of the same 
enzyme electrophoretic or OMP types or to freguent transfer of one 
particular plasmid. Similarly in The Netherlands, where resistance is 
uncommon, van Alphen et al, (1988) showed that the prevalence of 
different OMP and LPS subtypes among resistant type b isolates did not 
differ significantly from that among sensitive isolates from the same 
collection period.

Antifolate agents
International comparison of resistance to the anti-folate agents is 

even more problematical because of the critical importance of the 
medium, inoculum and interpretation applied (Koch and Burchall, 1971; 
May and Davies, 1972; Williams and Kattan, 1978; Howard et al,f 1978). 
In addition, many studies have reported only susceptibility to the 
trimethoprim-sulphamethoxazole combination (1:20). However, Campos et 
al, (1987) found that 55% of multiresistant type b isolates in Barcelona 
were resistant to trimethoprim. Across the USA in 1987 Doern et al, 
(1988) reported that only 1% of 2,811 isolates were resistant to co- 
trimoxazole (i.e. MIC trimethoprim in the combination ^1 mg/1) while 
Welsh isolates from 1986 showed very similar prevalences of resistance 
to those for England and Scotland with 4.6% resistant to trimethoprim
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and 6.2% of the total 1,440 resistant to sulphamethoxazole (Howard and 
Williams, 1988). Of the other authors listed in Table 3.3.(i) only two, 
both from 1986 collections, provided figures for the co-trimoxazole 
combination with 5.3% resistant reported from 1,122 Dutch isolates and 
2.4% from 61 Greek isolates. The mechanisms involved and possible 
reasons for these differences are discussed further in Chapter 6.

Erythromycin
The possible reasons for the apparent international differences in

prevalence of resistance to erythromycin have been pointed out in
Section 3.2.3. Considering the distribution curve of isolates according 
to MIC and the difficulty of interpreting figures based on any chosen 
breakpoint, it seems unlikely that the variations reported between 
studies are real. For example, Dabernat et al. (1986) stated that 6% of 
French isolates required >8 mg/1 erythromycin for inhibition. Using the 
same breakpoint but different methods, 17% of the non-capsulate French 
isolates contributed to the European survey were resistant. There was
better agreement between the 21% reported from The Netherlands by van
Klingeren et al. (1987) and the 27% for the Dutch contribution as
detected by broth microdilution. Other authors listed have provided 
figures ranging from 51% in the USA to 22% in Greece and 3% in Toronto. 
Far smaller percentages of these isolates met the ^0.5 mg/1 NCCLS 
breakpoint for susceptibility, with many falling into the intermediate 
range (e.g. only 1% of USA isolates were considered fully susceptible by 
these criteria).

As mentioned in Chapter 1, the distribution of MICs of erythromycin 
amongst a population of isolates varies considerably with the
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susceptibility testing methods employed (Fernandes et al., 1987). It is 
not possible, however, to correlate reports of high prevalences of 
resistance with any particular flaw in methodology. The correlation 
between increasing usage and resistance described by Ringertz and 
Kronvall (1987) would require careful analysis and interpretation of 
national prescription figures before application to the European 
differences noted.

Multi-resistance
Multi-resistant isolates (resistant to four or more antimicrobial 

agents) are still very uncommon in Europe outside of Spain. Those 
resistant to three agents - ampicillin, chloramphenicol and tetracycline 
- accounted for 2% in Greece, 1.5% in The Netherlands and 0.5% in the 
UK, France and Wales compared with 5% of the total European collection. 
However, more than half of this 5% was due to Belgian and Spanish 
contributions. While multi-resistance may be uncommon, beta-lactamase 
and CAT-producing type b isolates have now been reported from all over 
the world including South Africa (Coovadia et al., 1986), Saudi Arabia 
(Karrar et al., 1987), Australia (Forsyth et al., 1986), Finland 
(Jokipii and Jokipii, 1980) and Thailand (Simasathien et al., 1980).

The implications of the sporadic or frequent occurrence of 
multiresistant H.influenzae producing invasive, life-threatening 
infections are considered in Chapter 7 along with an evaluation of the 
role of some of the newer agents available. The results of determining 
in vitro activities of a number of these more recently developed 
antimicrobials are presented in Chapter 4.
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3.3.3 Site of isolation related to biotvpe and antimirrnhiai resistance
The associations observed between biotype and site of isolation 

were similar to those described by Kilian (1976) and Oberhofer and Back 
(1979). The strong correlation between capsule type b and biotype I was 
also noted by these other authors to be at least 80% and has been 
reported as 89% by Barenkamp et al. (1983a) and 80% by Long et al. 
(1983). These authors all noted a similar predominance of biotype I 
among encapsulated isolates of other Pittman types. In contrast, Mehtar 
and Amini Afshar (1983) alone have reported a predominance of biotype II 
amongst 34 type b and other typable isolates using a supplemented API 10 
system to record the biochemical reactions, throwing doubt on the
reliability of the API ODC reaction for the genus Haemophilus.

The predominance of biotypes II and III among respiratory tract 
specimens has been a universal finding but the association of
biotype III with eye isolates has varied. Although H.aegyptius 
(latterly the Koch-Weeks Bacillus), considered responsible for most 
Haemophilus conjunctival infections, was reclassified with biotype III 
organisms by Kilian, there are differences in OMP and PBP profiles 
between H.aegyptius and others of the biotype (Carlone et al., 1985; 
Mendelman and Serfass, 1988). More recently, a single clone of 
H.aegyptius has been implicated as the cause of Brazilian purpuric 
fever, a fulminant paediatric illness, increasing opinion that isolates 
of this group may merit separation from the H.influenzae species. UK
eye isolates were of almost equal proportions of II and III.

Seven isolates were from the female genital tract (including a 
pyosalpinx) but in contrast with the findings of Barenkamp et al. (1982) 
and Quentin et al. (1987) no association between these isolates and
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biotype IV was found. None of these isolates producing invasive 
gynaecological infections were encapsulated.

Associations between prevalence of resistance and specimen source 
and/or biotype were not statistically significant once the biotype I, 
capsule type b isolates from blood or CSF were excluded from the 
calculations. Dabernat et al. (1986) reported some association between 
non-capsulate organisms of biotype I and resistance to tetracycline + 
chloramphenicol and also between beta-lactamase production and isolates 
from ears. Long et al. (1983) reported a low prevalence of beta- 
lactamase production among non-capsulate biotype I isolates while 
Righter and Luchsinger (1988) found a high prevalence among biotype II 
organisms and isolates from non-respiratory sites, excluding those from 
invasive disease. Neither of the two earlier UK surveys performed 
biotyping of isolates so that comparisons regarding biochemical 
phenotype and resistance cannot be made with the more recent data.

Philpott-Howard and Williams (1982) found nine isolates with 
definite non-lactamase-mediated resistance to ampicillin, all of which 
came from the respiratory tract. Sputum specimens predominated in all 
three collections. Numbers of ampicillin-resistant, beta-lactamase 
negative isolates collected in 1986 were sufficiently large to indicate 
that an association exists between this type of resistance and organisms 
from the respiratory tract of patients suffering from COAD. Indeed, 
amongst those described in published reports (see Chapter 1) most have 
come from sputa. Possible reasons for these observations are further 
discussed in Chapter 4.
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3.3.4 Other factors which may influence estimates of the prevalence of resistance
The association of invasive type b infections with small children 

and hence with a high prevalence of beta-lactamase production among 
H.influenzae from this age group has been well documented. Data from 
the European survey additionally indicated that the prevalence of beta- 
lactamase-mediated resistance among type b isolates from those ^2 years, 
who predominantly suffered from invasive infections, was not higher than 
that among type b isolates producing invasive or non-invasive infections 
in older patients. Although various associations between OMP subtypes 
of type b isolates and capacity to produce invasive disease in young 
children have been reported (van Alphen et al., 1983a; 1987a;b;
Barenkamp et al., 1981a; 1981b; 1983b) there appears to be no evidence
to suggest that the prevalence of resistance can be correlated with the 
subtyping system (Campos et al., 1987; van Alphen et al., 1988).

Results suggested, however, that both type b and non-capsulate 
organisms were more likely to be beta-lactamase positive if isolated 
from children <15 years while resistance to other antimicrobials was not 
age-related once the type b bias had been eliminated. Doern et al. 
(1988) noted a similar difference in the USA where, among isolates from 
children under 10 years, 35% of type b and 20% of non-capsulates 
produced beta-lactamase compared with 23% and 12% respectively among 
H.influenzae from the older population. Differentiation of resistance 
figures between cases of invasive and non-invasive infections was not 
made by these authors.

UK results failed to show any association between resistance and 
situation of the patient (i.e. in-, out- or GP-patient). Howard and
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Williams (1988) reported that whereas the prevalence of ampicillin
resistance was the same among hospital in- or out-patients at 9%, only 
41 of isolates from general practice specimens produced beta-lactamase. 
No differences in resistance to other antimicrobials were found. It is 
difficult to explain why there should be any difference. Isolates 
producing invasive disease prompting admission are those circulating in 
the general population and non-invasive H.influenzae infections
encountered in hospitals are predominantly those associated with
exacerbations of obstructive airways disease which are sufficiently 
severe to merit hospital management. It is possible that those patients 
admitted or referred to outpatients include many who have been
unsuccessfully treated in the community due to antimicrobial resistance.

Whether hospital-acquired H.influenzae infection takes place is not 
known although outbreaks of type b infections in nurseries and 
orphanages are well described (Chapter 1). Tebbutt (1986) found that 
H.influenzae carriage did not predispose patients admitted to a general 
surgical ward to post-operative chest infections. However, using his 
chemotyping system (Tebbutt, 1984), he established that H.influenzae 
implicated in post-operative chest infections were often of the same 
chemotype as the pre-operative isolate from the same patient. Although 
clusters of such infections occurred on the ward at intervals, there was 
no correlation between chemotypes from different patients, suggesting 
that cross-infection was rare. However, some patients who were culture- 
negative pre-operatively did develop infections later implying that 
either the culture result was falsely negative or that H.influenzae was 
acquired during hospital admission. Perhaps the differences observed in
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Wales are related to the illness necessitating admission, i.e. that 
resistance is higher among isolates in certain diagnostic groups.

Despite the UK differences observed in the prevalence of both beta- 
lactamase positive and negative ampicillin-resistant isolates according 
to patient therapy, there are too many possible confounding factors to 
allow any conclusions to be drawn. Information relating to repeat 
courses of therapy, long term therapy and course lengths are all 
important considerations in any theory regarding effects of selection 
pressure on recovery of resistant isolates. However, an association did 
appear to exist (p=<.01) between non-lactamase-mediated reduced 
susceptibility to ampicillin and isolates from sputa. Among the 
91 patients from whom such resistant H.influenzae were isolated, the 
diagnosis, where given, was encompassed by the definition of chronic 
obstructive airways disease in 70% of cases. Many of these patients 
receive repeated courses of ampicillin or amoxycillin. Implications of 
this finding are further explored in Chapter 4.
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CHAPTER 4
NON-BETA-LACTAMASE-MEDIATED RESISTANCE TO BETA-LACTAMS
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4.1 Detection of non-lactamase-mediated resistance to ampicillin
4.1.1 Detection of ampicillin resistance in UK laboratories which 

participated in the 1986 survey
Following analysis of the main findings of the survey, an imperfect 

correlation between susceptibilities as determined by zone diameter and 
MIC breakpoints applied at LHMC became apparent (Chapter 3). The 
discrepancies between LHMC and survey participants in the detection of 
non-lactamase-mediated reduced susceptibility to ampicillin are 
presented in this section and compared with the results of testing for 
beta-lactamase production. Problems in detection of resistance to 
chloramphenicol are analysed in Chapter 5 in comparison with similar 
data for tetracycline, trimethoprim and sulphamethoxazole.

Detection of beta-lactamase
Table 4.1.(i) summarises the discrepancies between LHMC and 

participants in detection of resistance to ampicillin. The two methods 
of beta-lactamase detection used at LHMC (acidometric and iodometric) 
showed 100% agreement in detecting 157 positive isolates. Beta- 
lactamase production was not reported by external laboratories in 25 of 
these, 12 of which had been reported as ampicillin-resistant and beta- 
lactamase-negative. Eleven of the 13 originally reported as 
ampicillin-susceptible had not been tested for enzyme production because 
they had been considered to be sensitive on disc testing according to 
criteria adopted by the laboratory of origin. The remaining 14 had been 
tested but beta-lactamase was not detected.

Table 4.1.(ii) shows the correlation between the failure of beta- 
lactamase detection and any one method used. The numbers tested are too 
small for definite conclusions to be drawn, but the acidometric test
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Table 4.1.(i) Comparison of LHMC results with susceptibility reported 
by external laboratories

Result at external laboratories
Ampicillin 
resistant 

Beta- beta-
Ampicillin- lactamase lactamase %

Result at LHMC sensitive positive negative correlation
Beta-lactamase 13 132* 12 84
positive (n=157)

Intermediate 59 1 2* 3
ampicilllin
resistance (MIC
ampicillin 1 or 2 mg/1)
beta-lactamase
negative (n=62)

Ampicillin-resistant 26 1 11* 29
(MIC ampicillin
£4 mg/1) beta
lactamase-negative
(n=38)

* i.e. in agreement with LHMC result.
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detected 931 of isolates producing beta-lactamase compared with 86% 
detected by chromogenic cephalosporin methods. Beta-lactamase was not 
found at LHMC in two isolates originally reported as positive; both 
showed reduced susceptibility to ampicillin and to amoxycillin - 
clavulanic acid, indicating the presence of non-enzyme-mediated 
resistance.

Detection of non-beta-lactamase-mediated resistance to ampicillin
There was a pronounced discrepancy between LHMC and the reporting 

centres in the recognition of the 100 beta-lactamase negative isolates 
considered to have reduced susceptibility to ampicillin on retesting 
(Table 4.1.(ij). Eighty-five of these had been reported as ampicillin- 
sensitive by the laboratory of origin, of which 26 originated from 
centres which performed a beta-lactamase test without disc testing on 
non-invasive E.influenzae. Of the remaining 59 isolates, 38 were from 
laboratories using 5 or 10 ug ampicillin discs and 21 came from 
laboratories using 2 ug discs. The 15 which had been reported as 
resistant included eight from centres using 10 ug discs, and five from 
those using 2 ug discs, together with the two isolates originally 
thought to be beta-lactamase positive.

Table 4.1.(iii) shows the correlation between zone diameter and MIC 
of ampicillin obtained using survey methods at LHMC. The modal zone 
diameter for ampicillin-susceptible isolates (i.e. all those which 
produced zones £20 mm and failed to grow on 2 mg/1 ampicillin plates) 
was 26 mm. There was a clear difference between the zone diameters 
produced by the beta-lactamase positive group (97% at ^15 mm) and those 
produced by the 100 beta-lactamase negative isolates requiring £1 mg/1
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Table 4,1.(iii) Correlation zone diameter j. MIC ampicillin using UK 
survey methods at LHMC

Beta
lactamase Beta-lactamase negative

Zone diameter* positive MIC <1 mg/1 MIC 1 or 2 mg/1 MIC >A(mm) (n=157) (n=32) (n=62) (n=38)
No zone 127 8
7 - 10 14 2 5

11 - 15 11 12 17
16 - 19** 4 32*** 48 8

* Modal zone diameter for ampicillin-susceptible isolates was 26 mm.
** i.e. >6 mm below modal zone diameter
*** 14/32 (44%) showed reduced susceptibility to at least one beta-

lactamase-stable beta-lactam (i.e. MIC 2 two doubling dilutions
above the modal MIC)
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ampicillin for inhibition (44% at .<15 mm). As previously stated, only 
two isolates producing zone diameters >20 mm were not inhibited on 
screening by 2 mg/1 ampicillin (both produced 20 mm zones). Of the 
other 296 isolates for which the MIC of ampicillin was determined 
because they showed zones of 20 mm diameter to the ampicillin disc or 
were resistant to one or more of the other antimicrobials on disc 
testing, 17 were inhibited at 2 mg/1, 30 at 1 mg/1 ampicillin and the 
remainder at >$0.5 mg/1.

Of these 47 isolates which were susceptible by disc testing but of 
intermediate resistance by MIC determination, 32 produced zone diameters 
^22 mm to 2 ug ampicillin discs, 15 being 20 mm in size. Only nine 
(19%) of these 47 required a concentration for inhibition >2 doubling 
dilutions above the modal MIC for the ampicillin-susceptible group of 
one or more of the other beta-lactams tested as in Section 4.2. Six of 
these nine had produced zone diameters of 20 mm and the other three 
22 mm to the ampicillin disc.

However, another 32 isolates shown in Table 4.1.(iii) produced zone 
diameters <20 mm but were inhibited by ,$0.5 mg/1 ampicillin. In 
contrast, nearly half of these (44%) showed reduced susceptibility to at 
least one of the beta-lactamase-stable beta-lactams (i.e. MIC >two 
doubling dilutions above the modal MIC for the ampicillin-susceptible 
group), suggesting that many isolates in this group behaved differently 
to fully-susceptible H.influenzae (see Section 4.2.).

Susceptibility testing in peripheral laboratories
Table 4.1.(iv) summarises the different susceptibility testing 

methods in use by the participants. The media and disc sizes used
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Table 4.1.(iv) Media and discs in use by participating laboratories 
and correlation with detection of non-enzvmic reduced susceptibility to ampicillin

No.of amp-R beta-lac negative 
isolates

Medium and disc
Disc
(ug)

No. of 
labs.

Reported 
sensitive 
by external 
laboratory

Reported 
beta-lac Reported in positive 

agreement by external 
with LHMC laboratory

Chocolate agar 2 2 1
10 3 20 3

Isosensitest agar 
with chocolated

2 3* 3 3
blood or lysed 
blood + NAD

5/10 3 7 1

Sensitest agar 
with 5% lysed 
blood and 10 mg/1 
NAD

2 2 2 1

DST with
chocolated blood

2 5* 11 1
or lysed blood 
(5-10%) and 
10 mg/1 NAD

10 2 11 4 1

MAST SAT with 
isovitalex and 
haemin

2 1 4

Beta-lactamase 
test without disc 
test on non- 
invasive isolates

2 26 1

Total 23 85 13 2
* Number includes one laboratory incubating plates in air. All others 

used an atmosphere of 5% C02 and 951 air.
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differed greatly between participating laboratories so that no 
conclusion could be drawn regarding their influence on the detection of 
reduced susceptibility. Information collected on preparation and 
estimation of inoculum size and methods of interpretation were so 
variable that no two laboratories followed identical criteria.

4.1.2 Conclusions from these results and discussion
The medium and methods used in all three UK surveys and the 

breakpoints applied were those described by Cavanagh et al. (1976) and 
Williams and Kattan (1978). Only one of the 23 participating centres 
used methods similar to these. Comparison of susceptibility testing 
results from LHMC and those reported by the 23 survey laboratories 
suggested that there were particular problems in detecting isolates with 
non-lactamase-mediated resistance to ampicillin. There were also 
significant problems, which are discussed in Chapter 5, in identifying 
resistance to other antimicrobial agents whatever the methods used.

Discrepancies in the detection of resistance to ampicillin
Agreement between external laboratories and LHMC on the presence of 

beta-lactamase increased from 73% (77 of 105 isolates) in 1981
(Philpott-Howard et al.r 1983) to 84% (132 of 157 isolates) in 1986.
The method of testing for enzyme production did not appear to influence
detection rates in participating centres. In contrast, 85 of the 
100 isolates considered to possess some degree of non-enzymic 
(intrinsic) ampicillin resistance after retesting had been reported as 
ampicillin-sensitive by the laboratory of origin. This large 
discrepancy posed the guestion as to whether the degree of resistance
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detected at LHMC was real or due to adoption of inappropriate parameters 
for assessment of resistance.

Evidence that these small changes in susceptibility to ampicillin 
were real has been provided by results of determining the in vitro 
activity of other beta-lactam antibiotics reported in 4.2. In summary, 
35 (901) of the 38 isolates which required £4 mg/1 ampicillin for
inhibition and 33 (53%) of the 62 inhibited by 1 or 2 mg/1 showed
reduced susceptibility - that is, an MIC ^three doubling dilutions above 
the mode for ampicillin-sensitive and beta-lactamase positive groups - 
to at least one, and often several, of these other antimicrobial agents. 
Only 21 (53 of 2,358) of ampicillin-sensitive and beta-lactamase-
producing isolates showed a similar reduction in susceptibility to one 
of these beta-lactams and only four isolates were markedly less 
susceptible to more than one agent (Table 4.2.iv).

Susceptibility testing methods
Reduced susceptibility to other beta-lactams was found to correlate 

better with a zone diameter of <20 mm around a 2 ug ampicillin disc than 
with the MIC of ampicillin. Williams and Rattan (1978) described the 
merits of a 2 ug disc applied to the medium used in the surveys and 
showed a correlation between zone sizes less than 20 mm and MICs of 
>1 mg/1 ampicillin. They also showed a definite inoculum effect on the 
apparent sensitivity of isolates possessing intrinsic resistance to 
ampicillin similar to that observed by Medeiros and O'Brien (1975) among 
beta-lactamase positive E.influenzae. There is no obvious explanation 
apart from an inoculum effect for the superior detection of some degree 
of non-lactamase-mediated reduced susceptibility to beta-lactams by a
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reduced zone diameter (106-107/cfu) rather than a rise in MIC 
(104/cfu). Since both types of resistant isolates show an inoculum- 
dependent inhibitory response, reduced susceptibility is more clearly 
demonstrated when the inoculum size is large. Apparent susceptibility 
of ampicillin-sensitive isolates is relatively unaffected by such 
changes.

Nevertheless, it should be pointed out that most problems of 
discrepancy between LHMC and peripheral laboratories arose among 
isolates with an intermediate (reduced zone diameter and MIC ampicillin 
1 or 2 mg/1) degree of resistance. A large proportion within this group 
showed a marked reduction in susceptibility to at least one other agent 
when compared with isolates requiring similar inhibitory concentrations 
but which produced zone diameters £20 mm. Clearly there is a grey area 
of interpretation but the findings reported strongly suggest that 
organisms producing reduced zone diameters of this type cannot be 
assumed to show normal susceptibility to either ampicillin or any of the 
other beta-lactams except, perhaps, the carbapenems.

Mendelman et al. (1986) reported that the correlation between MIC 
and zone size was improved by using an inoculum of 10^ or 104 rather 
than 105 cfu for MIC determinations by agar dilution and that with 
semi-confluent growth a 2 ug disc was far superior at detecting reduced 
susceptibility among beta-lactamase negative isolates irrespective of 
the medium. Doern and Jones (1988) have now recommended use of 
Haemophilus test medium (HTM) in the USA (Mueller-Hinton agar 
supplemented with 15 mg/1 each of bovine haematin and NAD plus 5 mg/1 of 
yeast extract) following the observations of Jorgensen et al, (1987; 
1988) that this medium was superior for disc susceptibility testing of
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all beta-lactams against H.influenzae. However, a 10 ug ampicillin disc 
with a zone diameter ^21 mm indicating resistance and MIC breakpoints of 
>4 mg/1 for resistance and ^1 mg/1 for susceptibility were recommended 
by these workers, together with an inoculum size for MIC determinations 
(broth or agar dilution) of 105 cfu. These interpretation criteria 
differ from those of Doern et al, (1987b) and from previous NCCLS 
recommendations (NCCLS Subcommittee on Susceptibility Testing Table 2, 
M7A, 1986 and M2-A3) indicating some dissatisfaction with previous USA 
guidelines.

Furthermore, Doern and Jones have suggested that, since the
documented prevalence of non-lactamase-mediated resistance to ampicillin 
is low in the USA (using the previously recommended NCCLS methods) a 
beta-lactamase test alone is sufficient to determine susceptibility. 
Mendelman's group and those involved in studies with the difficult to 
detect ROB-1 enzyme do not agree with these opinions (P.M. Mendelman, 
personal communication) but many laboratories in the USA will
undoubtedly follow these guidelines despite the findings of a recent
multi-centre USA survey (Doern et al,f 1988) that 6% of isolates
collected required >1 mg/1 ampicillin for inhibition.

Detection of resistance to ampicillin in UK laboratories
Despite the wide recognition of susceptibility testing problems in 

the UK and USA and many published recommendations supporting the use of 
low value discs and careful control of inoculum size, the information 
gathered during the course of this survey has shown that most UK 
laboratories have not adapted their methods for testing susceptibility 
of H.influenzae to ampicillin. During the study period, isolates were
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collected consecutively and underwent laboratory susceptibility testing 
as part of the routine clinical workload in participating centres 
without any special attention paid to them. As a result, the
susceptibilities reported on the survey forms are probably a much more 
accurate reflection of routine methods than those obtained from studies 
where isolates were distributed to laboratories with a specific request 
for assessment of susceptibility. The ampicillin-resistant beta- 
lactamase negative E.influenzae dispatched in such studies have also 
commonly been those requiring 4 mg/1 or more of ampicillin for
inhibition and hence produce an easily detectable reduction in zone 
diameter. These factors probably explain the much better rates of 
detection of non-lactamase-mediated ampicillin resistance reported by 
studies which have followed these lines of investigation (Snell et al., 
1986).

Conclusions and recommendations
MIC determination using a standard inoculum of 104 cfu/spot will 

not always indicate non-lactamase-mediated resistance to ampicillin. 
Disc testing is more discriminatory if sufficient inoculum is placed on 
the plate, 2 ug discs are used, and interpretative criteria depend on 
precise zone measurement. Using Cavanagh's medium, a zone diameter of 
<20 mm around a 2 ug ampicillin disc is a reliable indication of some
degree of reduced susceptibility to ampicillin. If the isolate is
beta-lactamase negative, reduced susceptibility to one or more other 
beta-lactams may be expected. Fully-susceptible isolates produce zones 
£26 mm in diameter under these conditions of testing. A zone between 20 
and 25 mm in diameter almost always correlates with an MIC of ampicillin
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£0.5 mg/1 and is rarely accompanied by a significant reduction in 
susceptibility to other beta-lactam antimicrobial agents.

4.2 Beta-lactam susceptibility of ampicillin-resistant. beta-lactamase 
negative E.influenzae

4.2.1 Results of susceptibility testing survey isolates to beta-lactams 
other than ampicillin

The results to be described derive from the two sets of experiments
described in 2.3.1 and 2.3.2 using different media but otherwise
identical methods. The first study provided MIC and disc susceptibility
testing data. The second study, which followed NCCLS recommendations,
allowed comparison of MIC values obtained with use of different media.
Therefore, although the general patterns observed were similar, results
have been separated.

Beta-lactam susceptibility testing by UK survey methods 
MICs of beta-lactams

In order to facilitate analysis of these results, the 
2,458 isolates were divided into four groups according to their 
susceptibility to ampicillin. Hence, 2,201 isolates were considered 
ampicillin-susceptible by the zone and MIC parameters described in 
Chapter 3. A further 157 were ampicillin-resistant and produced beta- 
lactamase. The remaining 100 isolates all showed zone diameters of 
<20 mm around 20 ug discs, were beta-lactamase negative and were divided 
into those definitely resistant to ampicillin (MIC £4 mg/1 = 38) and 
those of intermediate susceptibility (MIC 1 or 2 mg/1 = 62) (see 4.1).

Table 4.2(i) shows the numbers of ampicillin-resistant isolates 
that were inhibited at different concentrations of the two penems, three
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Table 4.2.(ii) Modal MIC and MlCgg values of six antimicrobials
for four groups of isolates delineated by 
susceptibility to ampicillin

B-lac- B-lac-
MIC MIC

Amp-S
n=2201

B-lac+
n=157

1 or 2 mg/1 
n=62 *4 mg, 

n=38
Amoxycillin- Mode 0.50 0.50 1.00 4.00
clavulanate* MICgo 1.00 1.00 4.00 8.00
Cefaclor Mode 4.00 4.00 8.00 16.00

MIC90 8.00 8.00 16.00 32.00
Cephalexin Mode 8.00 8.00 16.00 16.00

MICgo 32.00 32.00 128.00 128.00
Cefixime Mode 0.03 0.03 0.06 0.25

MICgo 0.12 0.12 0.50 1.00
Aztreonam Mode 0.06 0.06 0.12 0.50

MICgo 0.12 0.12 0.50 1.00
Imipenem Mode 1.00 1.00 1.00 1.00

MICgo 2.00 2.00 2.00 2.00

* Expressed as concentration of amoxycillin

156



cephalosporins and the monobactam tested. Table 4.2.(ii) summarises 
this information by listing the modal and MICgo concentrations of all 
six antimicrobials for each of the four groups of isolates described. 
The information in these two tables shows a clear trend of increased 
antimicrobial concentrations required for inhibition of the 100 beta- 
lactamase negative isolates with reduced susceptibility to ampicillin. 
The exception to this observation was the carbapenem, imipenem, which 
showed no appreciable difference in activity between the four groups.

Cefaclor and cephalexin
Only 22% of isolates showing non-lactamase-mediated resistance to 

ampicillin were inhibited by ,<4 mg/1 cefaclor (the modal MIC) compared 
with 87% of ampicillin-sensitive and 76% beta-lactamase positive 
isolates. This compares with 61% of ampicillin-sensitive and 54% of 
beta-lactamase positive but only 19% of intrinsically-resistant isolates 
which were inhibited at the modal MIC of cephalexin (8 mg/1). Therefore 
only one-fifth of isolates showing non-lactamase-mediated resistance to 
ampicillin were inhibited by the modal MICs of the two cephalosporins.

Cefixime
Of the 24 isolates for which MICs of cefixime were £0.5 mg/1, 19

showed non-enzymic reduced susceptibility to ampicillin, 11 of them 
requiring >4 and eight of them requiring 1 or 2 mg/1 of ampicillin 
for inhibition. The remaining five were beta-lactamase negative and 
showed zones of inhibition to ampicillin of <25 mm.
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Other beta-lactams
Isolates with non-enzyme-mediated ampicillin resistance accounted 

for 1001 of those requiring at least 4 mg/1 amoxycillin-clavulanate for 
inhibition, 90% of those requiring >0.5 mg/1 of aztreonam, and three of 
the four strains requiring concentrations of >8 mg/1 of imipenem for 
inhibition. Thirteen (54%) of the 24 isolates inhibited by >4 mg/1 of 
imipenem showed ampicillin zone diameters of <20 mm, of which five were 
beta-lactamase positive and eight showed intrinsic resistance.

Of these 24 isolates, two (imipenem MICs 4 and 16 mg/1) required at 
least 0.5 mg/1 of aztreonam for inhibition; both were beta-lactamase 
negative and inhibited by ^4 mg/1 of ampicillin and amoxycillin- 
clavulanate. The remaining 22 isolates in this group were all inhibited 
by .$0.25 mg/1 aztreonam and only those with non-beta-lactamase-mediated 
resistance to ampicillin showed reduced susceptibility to amoxycillin- 
clavulanate.

Resistance expressed as increase from mode
Table 4.2.(iii) sums up these findings in a slightly different way 

by comparing the percentages of isolates in each group inhibited only by 
concentrations which were two or more doubling dilutions above the 
overall modal value (in all cases this was the same as the modal MIC for 
the ampicillin-susceptible group) for each antimicrobial agent. Again 
it is clear that activity of imipenem was least affected by mechanisms 
involved in non-lactamase-mediated reduced beta-lactam susceptibility.

When the small number of isolates inhibited only at >3 doubling 
dilutions above the mode were examined (Table 4.2.(iv)), the differences 
became even more marked.
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It is notable that while 37 (1.7%) of the 2,201 ampicillin-
susceptible isolates showed this degree of reduced susceptibility to at 
least one agent, the sole antimicrobial agents involved were cephalexin 
in 20 and imipenem in a further six isolates. Similarly, of the 16 
(10%) beta-lactamase positive isolates listed, reduced susceptibility in 
seven was restricted to cephalexin. In contrast, 68 of the 100 beta- 
lactamase negative isolates are listed in this table but in only eight 
instances was reduced susceptibility confined to cephalexin.

The patterns of reduced susceptibility seen among these 
100 isolates are also of interest. All the isolates in this group 
showed reduced susceptibility at the >2 doubling dilutions above the 
modal level for at least one agent and 68 of them for two or more of the 
six beta-lactams tested. In 42 of these 68 isolates, the agents involved 
were aztreonam plus one or more of the cephalosporins. The eight 
isolates inhibited only at >4 mg/1 imipenem additionally showed reduced 
susceptibility to cephalexin (2), cefaclor and cephalexin (3), and 
aztreonam, cefaclor and cephalexin (1).

Disc susceptibility testing
The coefficients of correlation (Pearson's method) between zone 

diameter and MIC showed some notable differences between groups for some 
of the agents tested and are listed in Table 4.2.(v)a. A better 
correlation was seen between zone diameters around 10 ug discs and MICs 
of imipenem than between the zones produced by the 30 ug discs of the 
monobactam and three cephalosporins used and their respective MIC 
values. In general, the predictive value of these discs was best for 
the smallest group - the 38 isolates which showed definite non-
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Table 4.2.(v)a Coefficients of correlation between zone diameter and 
MIC for four groups of isolates of varying 
susceptibility to ampicillin

Coefficients (Pearson) of correlation for:
Antimicrobial
agent

Disc
(ug) Amp-S Beta-lac + Beta-lac - 

MIC 1-2 mg/1
Beta-lac - 
MIC >4 mg/1

Cefaclor 30 -0.21 -0.35 -0.43 -0.62
Cephalexin 30 -0.17 -0.57 -0.54 -0.60
Cefixime 30 -0.31 -0.30 -0.27 -0.32
Aztreonam 30 -0.28 -0.12 -0.30 -0.23
Imipenem 10 -0.83 -0.46 -0.60 -0.82

The overall coefficient of correlation with regard to amoxycillin- 
clavulanate was -0.43.
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lactamase-mediated resistance to ampicillin - and least useful for the 
largest (ampicillin-susceptible) group.

The data shown in Table 4.2.(v)b suggests that a shift to smaller 
zone diameters around discs containing beta-lactamase-stable agents 
occurred for isolates with some degree of non-lactamase-mediated 
resistance to ampicillin. The exception to this pattern, in keeping 
with MIC results, was imipenem. Among the other agents, differences 
between groups were least marked for the highly active agents aztreonam 
and cefixime.

Differentiation by criteria of zone diameter between isolates most 
and least susceptible to these agents by MIC is shown in the last two 
columns of this table. The difference in modal diameters was >6 mm 
between groups except for aztreonam, imipenem and cefixime at 5 mm. 
These results suggest that high concentration discs for these agents are 
unsatisfactory for in vitro susceptibility testing of B.influenzae.

Results of further susceptibility testing using NCCLS methods
This study provided more information on the behaviour of 

carbapenems (meropenem and imipenem) and enabled an assessment to be 
made of the influence of medium on MIC values.

Inoculum size
Calculated inoculum sizes of B.influenzae (cfu/spot) were within a 

narrow range at 1-2 x 104 while the E.coli control prepared in the same 
way consistently produced inocula of 105 cfu/spot.
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Comparison of methods
All isolates had been previously tested against ampicillin, 

chloramphenicol (2.1.4), imipenem and cefaclor (2.3.1) using methods 
identical to this part of the study except for medium. Comparison of 
MICs obtained from the two methods showed a very close agreement for 
ampicillin and chloramphenicol, being predominantly identical and all 
within ± one dilution step. Similarly, 86% of imipenem results and 87% 
of cefaclor results were identical to, or differed by only one dilution 
step from, the previously recorded MICs of these agents.

MIC results
Three groups of H.influenzae were delineated by susceptibility to 

ampicillin, i.e. 115 inhibited by ̂ 0.5 mg/1, 56 beta-lactamase positive 
and 52 beta-lactamase negative requiring £1 mg/1 ampicillin for 
inhibition. Table 4.2.(vi) displays the antimicrobial concentrations 
required to inhibit 50% and 90% of isolates in each of these three 
groups of varying ampicillin susceptibility. The two non-beta-lactam 
agents were equi-active against all three groups. Ampicillin and 
piperacillin alone were unstable in the presence of beta-lactamase 
production.

There was a clear trend of increased concentrations of all seven 
beta-lactams required to inhibit 50% and 90% of the beta-lactamase 
negative group which showed reduced susceptibility to ampicillin. At 
both percentages, a difference of at least two doubling dilutions 
between this group and the ampicillin-susceptible isolates was commonly 
seen. Exceptions to the pattern were meropenem and ceftazidime at the
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Table 4.2.(vi) MICs (mg/1) of four beta-lactams at which 50% and 90% 
of isolates were inhibited for each of three groups 
according to ampicillin susceptibility (NCCLS methods)

Beta-lactam
Ampicillin- 
sensitive 
(n = 115)

Beta-lac 
positive 
(n = 56)

Beta-lac 
negative 
MIC amp 1-8 mg/1 
(n = 52)

Ampicillin 50% 0.5 8.00 2.00
90% 0.5 32.00 4.00

Piperacillin 50% 0.03 4.00 0.12
90% 0.06 32.00 0.5

Meropenem 50% 0.06 0.06 0.12
90% 0.12 0.12 0.5

Imipenem 50% 1.00 1.00 2.00
90% 2.00 2.00 4.00

Cefotaxime 50% 0.015 0.015 0.06
90% 0.03 0.03 0.25

Ceftazidime 50% 0.12 0.12 0.25
90% 0.25 0.25 1.00

Cefaclor 50% 4.00 4.00 16.00
90% 8.00 8.00 128.00

Ciprofloxacin 50% 0.008 0.008 0.008
90% 0.015 0.015 0.015

Chloramphenicol 50% 0.5 0.5 0.5
90% 1.0 1.0 1.0

166



50% and imipenem at both levels where only one dilution difference 
occurred.

Resistance expressed as increase from mode
Table 4.2.(vii) sums up the data in a slightly different way, 

comparing the percentage of isolates in each of the three groups which 
required antimicrobial concentrations of inhibition £2 doubling 
dilutions above the modal MIC of each agent for the 115 ampicillin- 
susceptible H.influenzae. In marked contrast with ampicillin- 
susceptible and beta-lactamase positive groups, much larger numbers of 
the beta-lactamase negative isolates with reduced susceptibility to 
ampicillin were inhibited only by antimicrobial concentrations at or 
above this level. The beta-lactams showing the smallest proportional 
differences between these groups were the two carbapenems, the 
differences being 11% for imipenem and 30% for meropenem. Of the other 
five, activity of ceftazidime was least affected as measured by this 
difference in percentages.

Carbapenems
Although the ranges of inhibitory concentrations of both 

carbapenems showed a slight upward shift for beta-lactamase negative 
isolates requiring >1 mg/1 ampicillin for inhibition, MICs of meropenem 
showed no further increases over the modal group concentration for the 
10 among these 52 isolates inhibited at >4 mg/1 imipenem. In addition, 
no correlation was seen between MICs of imipenem and meropenem for the 
nine ampicillin-susceptible H.influenzae included in the study which 
required >4 mg/1 imipenem for inhibition.
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Table 4.2,(vii) Percentage of isolates which required a concentration of 
beta-lactam for inhibition -̂two doubling dilutions above 
the modal MIC for the ampicillin-susceptible group

Beta-lactam
(modal MIC Beta-lac
for ampicillin- Ampicillin Beta-lac negative MIC
susceptible susceptible positive amp 1-8 mg/1
group) (115) (56) (52)
Ampicillin 
(.5 mg/1)

Nil 96% 62%

Piperacillin 
(.03 mg/1)

41 100% 58%

Meropenem 
(.06 mg/1)

3% Nil 33%

Imipenem 
(1 mg/1)

81 Nil 19%

Cefotaxime 9% 2% 94%
(.015 mg/1)
Ceftazidime 2% Nil 48%
(.12 mg/1)
Cefaclor 21% 30% 87%
(2 mg/1)
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Figures 4a and 4b display the relationships between MICs of 
imipenem and meropenem. In Figure 4a, which compares MICs of these 
agents for ampicillin-susceptible isolates requiring >4 mg/1 imipenem 
for inhibition, a close range of MICs of meropenem is evident. For the 
beta-lactamase negative isolates requiring >1 mg/1 ampicillin for 
inhibition shown in Figure 4b, inhibitory concentrations of both 
carbapenems are generally higher than those in Figure 4a, but MICs of 
meropenem show no further general increase for the isolates inhibited at 
>y4 mg/1 imipenem.

4.2.2 Conclusions from these studies and discussion
The results of susceptibility testing survey isolates to a further 

10 beta-lactams established the existence of clear patterns of 
differences in activities of these groups of organisms delineated by 
their susceptibility to ampicillin. Much has been documented regarding 
susceptibility of beta-lactamase producers to these agents. In 
contrast, previously published reports of non-enzymic broad-spectrum 
reduced susceptibility to a wide range of beta-lactamase-stable beta- 
lactams have been confined to small numbers of E.influenzae which have 
almost always shown a definite degree of resistance (MIC £4 mg/1) to 
ampicillin (Philpott-Howard and Williams, 1983; Mendelman et al,, 1984a; 
Parr and Bryan, 1984). Assessment of carbapenem activity against 
similar isolates has been even more limited (Howard and Hince, 1982).

The agents examined varied in their inherent activity against 
E,influenzae and were known to differ in their stability to the plasmid- 
encoded beta-lactamases, TEM-1 and TEM-2, which predominate among the 
enzymes found in E,influenzae (Joly et al,, 1987). Hence some
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fig 4a MICs compared for ampicillin-susceptible isolates 
requiring >y 4 mg/1. imipenem for inhibition
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differences in activity against beta-lactamase-producing isolates were 
seen for cefaclor, cephalexin and particularly piperacillin when 
compared with the highly stable agents tested. In contrast, some 
reduction of activity against isolates with non-lactamase-mediated 
reduced susceptibility to ampicillin was seen for all agents.

Susceptibility testing by UK Survey methods 
Oral cephalosporins 
Cefaclor and cephalexin

The orally-administered cephalosporins, cefaclor and cephalexin, 
share a similar antibacterial spectrum (Preston, 1979). Many studies 
have shown that cefaclor is considerably more active than cephalexin 
against ampicillin-sensitive and beta-lactamase-producing resistant 
strains of Haemophilus influenzae (Kammer et al., 1975; Bill and 
Washington, 1977; Philpott-Howard and Williams, 1983) although enzymatic 
hydrolysis studies have demonstrated that cefaclor is the better 
substrate for the TEM-1 enzyme type commonly found in this species 
(Preston, 1979). In agreement with the studies quoted and many others 
published, the 2,458 survey isolates were generally more susceptible to 
cefaclor than cephalexin when tested in vitro. Cefaclor's activity was 
maintained to a fair extent against beta-lactamase positive isolates 
whereas there was a significant rise in MICs of cephalexin against these 
when compared with the ampicillin-susceptible group. This study showed 
a definite reduction in the activity of both cephalosporins against 
isolates with an intrinsic mechanism of resistance to ampicillin.

Taking the suggested resistance breakpoint of >16 mg/1 the 
prevalence of resistance to cefaclor from this data would be 3% for the
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UK and 1.6% in the simultaneously conducted Welsh survey (Howard and 
Williams, 1988). This compares with 1% across Europe, 6% across the USA 
(Doern et al., 1988) and 2% in Ontario, Canada (Righter and Luchsinger, 
1988). These five surveys used four different susceptibility testing 
methods. In vitro susceptibility testing of H.influenzae to cefaclor is 
known to be highly dependent upon methodology used (Neu and Fu, 1978). 
However, comparison of results obtained using supplemented Mueller 
Hinton in place of supplemented DST agar for a selection of UK isolates 
suggested that differences were not very marked. It is possible that 
careful attention to use of a low pH buffer (4.2) for cefaclor dilutions 
and rapid inoculation of plates post-preparation contributed to the lack 
of discrepancy (Preston, 1979).

Cefixime
The chemical configuration of cefixime confers excellent in vitro 

activity against Gram-negatives and greater stability to many plasmid- 
mediated and some chromosomal beta-lactamases than other beta-lactams 
presently available for oral administration (Neu et al., 1984). Almost 
all (99%) of the ampicillin-susceptible and beta-lactamase-producing 
strains examined in this study were inhibited by ,$0.25 mg/1 cefixime 
which compares favourably with similar values obtained for other oral 
and injectable beta-lactams (Thornsberry et al., 1976/ Baker et al., 
1980). The 100 beta-lactamase negative isolates with reduced 
susceptibility to ampicillin accounted for 75% of those requiring 
£0.5 mg/1 cefixime for inhibition. Nevertheless, 45% of those with MICs 
£4 mg/1 ampicillin were inhibited by .$0.25 mg/1 cefixime. Fuchs et al. 
(1986) proposed that MICs of ,<1 and £4 mg/1 should *be taken as 
susceptible and resistant breakpoints, respectively. Using these
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criteria, 2,454 isolates would be susceptible and four would be in the 
intermediate susceptibility range for cefixime.

The outer membrane of E.influenzae is normally an ineffective 
barrier to the penetration of beta-lactams when compared with other 
Gram-negatives (Coulton et al., 1983). Since cefixime has been reported 
to possess a relatively poor ability to cross outer membranes compared 
with several other cephalosporins (Kamimura et al., 1984) it may be that 
those isolates requiring the highest concentrations for inhibition owe 
much of their intrinsic ampicillin resistance to OMP rather than PBP 
changes.

Other beta-lactam agents
The chemical configurations of the monobactam aztreonam and the 

carbapenem imipenem (N-formimidoyl thienamycin) confer marked stability 
in the presence of a wide variety of beta-lactamases (Labia et al. 1986/ 
Sykes et al., 1982), while the combination of amoxycillin with the beta- 
lactamase inhibitor clavulanic acid protects the aminopenicillin from 
attack by many such enzymes (Reading and Cole, 1977). Investigations 
with all three compounds against beta-lactamase-producing E.influenzae 
have suggested that activity is retained in the presence of enzyme 
production (predominantly TEM-1). A few of these studies have reported 
a reduction in activity against the small numbers of beta-lactamase 
negative strains examined that showed non-enzyme-mediated resistance to 
ampicillin (Howard and Hince, 1982; Olsson-Liljequist and Gezelius, 
1986).
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Amoxycillin-clavulanate
Although clavulanic acid has weak broad-spectrum antibacterial 

activity, its combination with amoxycillin produced no enhancement of 
activity against isolates showing intrinsic resistance to ampicillin 
compared with the activity of ampicillin alone; 751 of isolates in this 
group were inhibited by amoxycillin concentrations (in combination with 
clavulanate) equal to or one dilution step from corresponding MICs of 
ampicillin. This is in agreement with studies which compared in vitro 
activities of ampicillin and amoxycillin alone against beta-lactamase 
negative E^influenzae (Olsson-Liljequist and Gezelius, 1986).

Aztreonam
Aztreonam is highly active in vitro against H ,influenzae but 

concentrations higher than the mode were needed to inhibit a proportion 
of the intrinsically-resistant group. Even so, for all 2,458 tested, 
MICs were lower than the 8 mg/1 resistance breakpoint previously adopted 
for members of the family Enterobacteriaceae (Barry et al.t 1985). 
While the ampicillin susceptibility breakpoint for enterobacteria is 
also 8 mg/1, that for Haemophilus spp. is >2 mg/1 (NCCLS, 1986: M7-A). 
Extrapolation of this value to aztreonam would still exclude only four 
isolates from the susceptible range.

Imipenem
There was a lack of correlation between reduced susceptibility to 

imipenem and any of the other agents tested. In contrast with findings 
for aztreonam and amoxycillin-clavulanate, isolates with intrinsic 
resistance to ampicillin accounted for only eight of the 24 isolates 
requiring £4 mg/1 of imipenem for inhibition. Reduced susceptibility to
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imipenem without cross-resistance to other beta-lactams has been 
described in other species, including Pseudomonas aeruginosa (Williams, 
1985), in which it has been suggested that this selectivity may be due 
to the presence of an imipenem-specific porin (Quinn et al., 1986;
Williams et al,, 1986). Findings of this study support an hypothesis 
that changes occur at sites of penetration through the outer membrane of 
H.influenzae which are unique to this molecule and confer a degree of 
resistance. Nevertheless all but four isolates were inhibited by less 
than the susceptibility breakpoint MIC adopted for clinical trials 
(Labia et al,, 1986).

Predictive value of disc tests
The poor predictive value of 30 ug cephalosporin discs in relation 

to the observed MIC was in contrast to data published for other aerobic 
Gram-negative organisms. By analogy with the finding that a 2 ug 
ampicillin disc provides the best discrimination between susceptible and 
both types of ampicillin-resistant isolates (Williams and Kattan, 1978), 
it may well be that lower content cephalosporin discs than those 
suitable for the Enterobacteriaceae would provide a better correlation 
with MIC when testing E,influenzae. Fuchs et al. (1986) have recently 
published data suggesting that a 5 ug cefixime disc is more appropriate 
for many species including E.influenzae.

The coefficient of correlation between zone diameter around discs 
containing 2 ug amoxycillin with 1 ug clavulanate and MIC of amoxycillin 
in the combination was poor - a problem noted by others (Van Klingeren 
and Dessens-Kroon, 1979; P.J. Turner, PhD Thesis, University of Aston, 
Birmingham, 1985) - but isolates requiring £4 mg/1 of amoxycillin-
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clavulanate for inhibition all showed zones of <20 mm in diameter around 
the combination disc.

The predictive values of the 10 ug imipenem and 30 ug aztreonam 
discs in relation to the observed MICs of these antibiotics were also
poor. Although MIC values obtained in this study compared well with the
range obtained by Cerami and Shungu (1986) there is no published data on 
the use of a 10 ug imipenem disc for this species. The 30 ug aztreonam 
disc continues to be advocated for general usage (Barry et al., 1985) 
but a trial of 2 and 5 ug home-made discs (personal observations, 1986)
has suggested that a lower value is superior in differentiating beta-
lactamase negative isolates with reduced susceptibility from the fully- 
susceptible group. Should H.influenzae arise with significant 
resistance to aztreonam it is unlikely that they will be picked up by a 
30 ug disc.

Susceptibility testing using NCCLS methods 
Beta-lactams

Amongst the seven beta-lactams tested by NCCLS methods, cefotaxime 
and piperacillin were the most active agents in vitro against 
ampicillin-susceptible isolates. Activities of all seven beta-lactams 
were reduced to some extent against the beta-lactamase negative isolates 
requiring >.1 mg/1 ampicillin for inhibition? this reduction was smallest 
in degree for the two carbapenems, imipenem and meropenem, as expected 
from previous observations with imipenem.

Meropenem was more active than imipenem against all three groups of 
H.influenzae, the order of observed activity resembling that reported by
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other workers against smaller numbers of isolates (Edwards et al., 1989; 
Fukasawa et al., 1987; Slaney et al., 1988). A broader range of MICs of 
both carbapenems was observed for the beta-lactamase negative isolates 
showing reduced susceptibility to ampicillin. Although there was an 
overall reduction in activities against this group, comparison with MICs 
observed for ampicillin-susceptible organisms showed that differences 
were small and were minimal for imipenem.

The data shown in Figures 4a and 4b suggested that any increases in 
MICs of meropenem showed a closer correlation with non-lactamase- 
mediated ampicillin resistance than with reduced susceptibility to 
imipenem. In addition, although the pattern of variation in activity of 
meropenem generally resembled that of the other beta-lactamase-stable 
compounds tested rather than imipenem, its activity was reduced to a 
much lesser extent than was seen for these against the beta-lactamase 
negative ampicillin-resistant group.

Investigations with other species have established that meropenem 
has slightly different PBP affinities to imipenem for S.aureus, E.coli 
and Ps.aeruginosa (Sumita et al., 1987). In addition, Edwards and 
Wannop (1987) have demonstrated a lack of cross-resistance between 
imipenem and meropenem in imipenem-resistant laboratory mutants and 
clinical isolates of Ps.aeruginosa. Both types of resistant isolates 
showed markedly diminished production of an outer-membrane protein but 
retained a normal degree of susceptibility to meropenem.

In conclusion, meropenem appeared to be highly active in vitro 
against Haemophilus influenzae. Not only was it very stable in the 
presence of beta-lactamase but also its activity against beta-lactamase
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negative isolates with reduced susceptibility to ampicillin was reduced 
to a much lesser extent than that of all the other non-carbapenem beta- 
lactams tested. This phenomenon, together with a general lack of 
correlation with in vitro activity of imipenem suggested that meropenem 
may be quite unique in its target-binding affinities and/or routes of 
access through the outer membrane of this species.

Other antimicrobials
In vitro activities of the two non-beta-lactam agents included in 

the study were completely unaffected by mechanisms mediating resistance 
to ampicillin. Of the two, ciprofloxacin was the most active by far, 
inhibiting all isolates at 0.03 mg/1 and the majority at 0.008 mg/1 in 
agreement with observations of other workers (Bergeron et al., 1987).

Summary
The results of both these studies have indicated that, while 

reduced susceptibility to other beta-lactams is common among isolates 
showing non—lactamase—mediated resistance to ampicillin, increases in 
MICs up to or above recommended resistance breakpoints are not often 
observed. Activities of the carbapenems are the least affected by 
mechanisms mediating this type of resistance. The likely therapeutic 
importance of these findings must be considered in the light of 
pharmacokinetic and clinical data. Assessment of such data as is 
available and its relationship to in vitro susceptibility is discussed 
in Chapter 7.
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4.3 Mechanisms mediating non-lactamase-mediated reduced beta-lactam susceptibility
4.3.1 Transfer of resistance to susceptible recipients and selection of

resistant mutants 
Plasmid extraction

Extrachromosoma 1 DNA was not detected in any of the wild-type 
isolates examined following screening on two occasions by the method of 
Kado and Liu (1981). Isolates Rl and 1189 were later examined by the 
methods of Meyers et al. (1976) and Bennett et al. (1986), during the 
course of experiments described in Chapter 6, with negative results.

Transformation
Transformation did not occur during experiments which used Rl as 

the recipient despite repeating the experiment three times with freshly- 
made donor lysates at each attempt. The frequency of spontaneous 
mutation of Rl to non-lactamase-mediated ampicillin resistance, 
following exposure to MIV and recovery in sBHI, was <10-9 on both 0.5 
and 2 mg/1 ampicillin plates.

Transformation from four of the seven donor lysates was observed 
in experiments which utilised Rd as recipient Spontaneous mutation of 
Rd to reduced beta-lactam susceptibility, as assessed for Rl above, did 
not occur so that the frequency was again <10"9. The frequency of 
transformation varied according to donor lysate as follows:

Donor lysate Frequency of transformation
236 1 x 10-7
1189 4 x 10-7
1972 3 x 10~6
3200 2 X 10"5
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These frequencies were not increased on repeating the experiment 
nor did this result in recovery of colonies following mixing of Rd with 
lysates which did not produce transformants at the first attempt.

Characteristics of transformants
Initial examination of cultures derived from six separately 

subcultured colonies resulting from each of the four successful donors 
established that all were of biotype IV (i.e. biotyped as for Rd and not 
the donor).

Following confirmation of the acquisition of reduced susceptibility 
to ampicillin by subculture on fresh plates containing 0.5 mg/1 
ampicillin, all transformants were frozen at -70°C in the usual way. 
Eight transformants were then serially subcultured twice a week for five 
weeks on to fresh chocolate agar plates (i.e. 10 subcultures) and MICs
of ampicillin, seven other beta-lactams and ciprofloxacin determined in 
parallel with the freshly-thawed corresponding transformants, together 
with Rd and parents. The results, summarised in Table 4.3.(i), 
indicated that neither serial subculture nor freezing had any effect on 
the in vitro susceptibility of transformants, i.e. no reversion towards 
the MIC values obtained for Rd was observed. In addition, zone 
diameters around 2 ug ampicillin discs were uniformly reduced among the 
transformants as shown in Table 4.3.(ii).

Comparing donors with their respective transformants, 
susceptibility patterns were generally very similar, differing by only 
one or at the most two doubling dilutions. Any differences observed 
were generally towards an increased susceptibility of transformants
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Table 4.3.(i) MICs of ampicillin, seven other beta-lactams and
ciprofloxacin for Rd, donors and transformants (frozen 
(F) or serially subcultured) tested in parallel

MIC mg/1
E.influenza'e amp cefa ceph ctax caz azt imi mero cip

Rd 0.12 4 8 0.008 0.12 0.03 0.5 0.03 0.008
236 4 32 128 0.06 2 0.5 1 0.5 0.015
236a 2 16 128 0.015 0.25 0.12 1 0.06 0.008
236a (F) 2 16 32 0.015 0.25 0.25 0.5 0.06 0.008
1189 2 32 128 0.015 1 0.03 2 0.5 0.015
1189b,c 2 16 64 0.03 0.5 0.25 0.5 0.06 0.008
1189b,c (F) 4 16 128 0.03 0.5 0.25 0.5 0.12 0.008
1972 4 64 128 0.06 0.5 0.25 2 1 0.015
1972a,b 2 32 128 0.06 0.25 0.12 1 0.12 0.015
1972a,b (F) 2 16 128 0.06 0.25 0.12 1 0.12 0.015
3200 8 64 128 0.12 0.5 0.25 4 0.5 0.015
3200a,e,f 4 16 128 0.03 0.12 0.12 0.5 0.06 0.008
3200a,e,f (F) 4 32 128 0.06 0.25 0.12 0.5 0.25 0.008

(F) indicates cultures stored at -70°C. 
a-f suffixes denote transformants
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Table 4.3(ii) Zone diameters (mm) around ampicillin discs for Rd, donor 
parents and transformants

H.influenzae
Rd

Zone diameter (mm) 
23

236
236a
236a (F)

11
15
14

1189 
1189b,c 
1189b,c (F)

11
14
14

1972 
1972a,b 
1972a,b (F)

13
14 
14

3200
3200a,e,f 
320a,e,f (F)

6

12

13

(F) signifies cultures kept at -70°C.
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compared with their donor parents. This was particularly noticeable for 
the two carbapenems and especially between 3200 (MIC imipenem 4 mg/1) 
and its offspring. A markedly decreased susceptibility of 1189-derived 
transformants to aztreonam was seen when compared with their donor 
parent (parent inhibited at 0.03 mg/1, offspring all at 0.25 mg/1). 
Zone diameters around 2 ug ampicillin discs were generally slightly 
smaller for donor parents when compared with their offspring. As 
expected, no changes in susceptibility to the non-lactam agent 
ciprofloxacin were observed following the transformation process.

Filter-paper matings
Filter-paper matings of seven different resistant isolates with 

RISa resulted in recovery of colonies on ampicillin-containing agar from 
only two donor-recipient crosses. The frequency of apparently successful 
cell-cell matings for donors 767 and 3275 was approximately 1 x 10~7 
calculated from the number of colonies recovered on both concentrations 
of ampicillin-streptomycin plates. This frequency did not increase on 
repeating the experiment nor did repetition result in successful crosses 
of other donors with RISa. The ratio of numbers of donor cells 
(recovered on ampicillin-containing plates) to recipient cells 
(recovered on streptomycin-containing plates) was found to be 
approximately 1:1 following overnight incubation, i.e. both had grown to 
a concentration of 109 cfu/ml. The frequency of spontaneous mutation of 
Rl and donor cells to streptomycin resistance was <10“9 following 
plating on streptomycin-containing plates at 128 mg/1 final 
concentration.
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Six cultures derived from each of these two matings were found to 
have the biotype of the recipient. MICs of ampicillin, streptomycin and 
other agents as tested for transformants are shown in Table 4.3.(iii). 
Since results did not differ among the offspring from each donor only 
one set of results (a) is given. Apart from acquisition of intermediate 
susceptibility to ampicillin, this being the only beta-lactam to which 
the two parents showed any degree of resistance, MICs of other agents 
resembled those of Rl and of parents.

Selection of ampicillin-resistant mutants
Selection of mutants of Rl with a stable reduction in 

susceptibility to ampicillin followed serial broth cultures with 
increasing beta-lactam concentrations. Colonies were recovered at a 
frequency of approximately 102 cfu/ml from the 4 mg/1 final broth (i.e. 
about 10 colonies were recovered on each 0.1 ml spread plate on agar 
with or without 1 mg/1 ampicillin). However, MIC determinations 
revealed that resulting cultures were susceptible to concentrations of 
ampicillin below 4 mg/1 as shown in Table 4.3.(iv). Colonies recovered 
following exposure of Ac and Ak to ampicillin in broth up to 16 mg/1 
were also considerably more susceptible to the agent on MIC 
determination (Ac1_3 and A k ^  in table).

However, reduction of susceptibility to ampicillin at an 
intermediate level was accompanied by reduced susceptibility to 
ceftazidime and aztreonam by Ac, Ak and their derivatives, and to 
cephalexin, cefotaxime and meropenem to some degree by most Rl mutants. 
Further exposure to increased ampicillin concentrations failed to 
produce a higher level of beta-lactam resistance in Ac and Ak. Serial

184



Table 4.3.(iii) MICs of ampicillin, streptomycin, seven other beta-
lactams and ciprofloxacin for Rl, RISa, 767, 3275 and
offspring of filter-paper matings (suffix a_i

MIC mg/1
H.influenzae amp strep cefa ceph ctax caz azt imi mero cip
Rl 0.25 1 2 4 0.015 0.06 0.03 0.25 0.06 0.008
RISa 0.25 256 4 4 0.015 0.12 0.03 0.5 0.06 0.008
767 1 2 8 32 0.03 0.12 0.06 1 0.12 0.008
767a 1 2 2 8 0.015 0.12 0.06 0.5 0.12 0.008
3275 1 2 2 16 0.015 0.12 0.06 1 0.12 0.008
3275a 1 2 2 16 0.015 0.12 0.06 0.5 0.12 0.008

Table 4.3.(iv) MICs of ampicillin, seven other beta-lactams and 
ciprofloxacin for Rl and a selection of mutants

H.influenzae amp cefa ceph ctax caz azt imi mero cip
Rl 0.25 2 4 0.015 0.06 0.03 0.25 0.06 0.008
Ac 1 4 16 0.06 2 0.25 0.5 0.25 0.015
AC i-3 1 4 16 0.12 2 0.5 0.5 0.5 0.015
Ad 1 4 16 0.03 2 0.12 0.5 0.12 0.008
Ae 1 1 16 0.015 0.25 0.06 0.5 0.12 0.008
Aj 1 1 16 0.015 0.12 0.06 0.5 0.12 0.008
Ak 1 4 16 0.12 2 0.5 0.5 0.25 0.008
Akl-2 1 4 16 0.12 2 0.5 0.5 0.25 0.008
Aq 1 1 8 0.015 0.12 0.06 0.5 0.06 0.008
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subcultures and several months at -70°C did not result in loss of 
reduced susceptibility by any of the mutants listed in Table 4.3.(iv).

4.3.2 Outer-membrane proteins
All isolates examined produced OMP profiles which showed two major 

protein bands in the range Mr = 31-42 x 103. The denser of these two 
bands was of Mr >36 x 103 and generally ^39 x 103. Comparison of 
profiles of wild-type isolates possessing various patterns of non
lactamase-mediated reduced susceptibility to beta-lactams with those of 
fully susceptible isolates of the same biotype revealed a lack of close 
association between biotype and protein profile regardless of the 
antimicrobial susceptibility of H.influenzae examined.

The only consistent difference noted between fully-susceptible and 
resistant wild-type isolates was the presence of a band of approximately 
33 x 103 in the susceptible but not the resistant profiles. However, 
almost all resistant isolates studied produced profiles in which there 
was a band slightly ahead of this at 31-32 x 103. These differences 
were seen repeatedly when second and even third preparations of a 
selection of isolates were examined. The exceptions to this rule were 
the two successful parents of filter-paper matings (MIC of ampicillin 
1 mg/1) which did possess the 33 x 103 band.

It was not possible to identify any specific features of profiles 
which seemed to correlate with particular patterns of reduced beta- 
lactam susceptibility. Profiles of those isolates least susceptible to 
imipenem or meropenem did not contain any consistently distinguishing 
bands or lack otherwise commonly occurring bands when compared with
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those of isolates which were very susceptible to either or both of the 
carbapenems.

The profile of the transformation recipient Rd did. not contain the 
33 x 103 band but did resemble that of the other fully-susceptible 
biotype IV isolate included in the study. Profiles of the four
successful donors compared with the offspring examined (those listed in 
Table 4.3.(i)) conclusively demonstrated that offspring OMP patterns 
were identical to that of Rd and guite different, therefore, to those of 
their respective parents. No bands were identified as being present in 
donors and their respective offspring which were not present in Rd.

Profiles of the two successful parents, both biotype III, in 
filter-paper matings were very similar to each other and to the fully- 
susceptible biotype III isolate included, in contrast to the more 
resistant biotype III isolate, 1189, which differed markedly from these 
three. Both parent H.influenzae and the susceptible control contained 
the 33 x 103 band not found in other isolates with intermediate or 
definite resistance to ampicillin. The two offspring of each of these 
matings which were examined showed profiles which appeared identical to 
that of RISa, which was in turn found to be identical to that of its 
streptomycin-sensitive parent Rl (Plates I and II).

Comparison of the Rl profile with those of selected mutants 
possessing intermediate reduced susceptibility to ampicillin initially 
provided some apparently consistent differences. However, on repeating 
these preparations from freshly thawed ampoules of each culture, the 
only persistent difference was in a lack or at least a marked reduction 
in the density of the 33 x 103 band in the mutants examined. All
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mutants were consistently observed to possess a band which migrated to a 
position only slightly ahead of this at 31-32 x 106 as in wild-type 
resistant isolates. Nevertheless, this small difference in position was 
easily detectable by eye (Plate III).

4.3.3 Penicillin-binding proteins 
Wild-type isolates

The 13 ampicillin-resistant and four susceptible isolates examined 
on duplicate gels at different loadings all showed at least eight major 
bands of Mr between 97 and 21 x 103. All H.influenzae appeared to
possess bands around 44 and 29 x 103 in size but otherwise showed
considerable variation. No correlation in profile was evident between 
isolates of the same biotype. No feature was wholly consistent with 
non-lactamase-mediated resistance to ampicillin nor with any spectrum of 
reduced susceptibility to other beta-lactams.

In contrast, the four susceptible isolates, including Rl, showed a 
band at around Mr=58 x 103 which was not identifiable in resistant 
H.influenzae. These four also possessed two distinct bands around 
MR=90 x 103 which were absent in all the resistant isolates examined 
(Plate IV) suggesting that the presence of these might correlate
positively with beta-lactam susceptibility.

Rl and its resistant mutants
The two mutants examined, Ac and Ak, were of intermediate

susceptibility to ampicillin (MIC=1 mg/1) but of considerably reduced 
susceptibility to ceftazidime and aztreonam (MICs 2 and 0.5 mg/1 
respectively). While PBP profiles of the two mutants generally
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resembled those of Rl, both lacked the two bands seen in ampicillin- 
susceptible isolates as described above.

Transformants, parents and Rd
Rd did not show the 90 and 58 x 103 bands found in the wild-type 

ampicillin-susceptible isolates. Eight major bands were distinguished 
on duplicate gels in the recipient's profile with an unusual major band 
around 39 x 103. Other bands were seen at 44 and 29 x 103 in keeping 
with all H.influenzae studied.

Two transformants derived from 1189 (1 of 2) and 1972 (1 of 2) and 
all three transformants of 3200 did not possess the 39 x 103 band seen 
in Rd. Those transformants sharing the band (236a, 1189b and 1972c) 
closely resembled Rd in pattern (Plate V). The other transformants 
shared variable resemblance to Rd. While 1189c and 1972b otherwise 
resembled Rd more closely than their wild-type parents, 3200a, e and f 
were very similar in profile to 3200. Again it was not possible to 
correlate any consistent factors of profiles with the susceptibility 
patterns of parents and offspring.

4.3.4 Discussion of results and conclusions 
Transference of resistance and selection of mutants 
Frequency of gene transfer

In both transformation and filter-paper mating studies the 
frequencies of spontaneous mutation of Rl, RISa or Rd to non-lactamase- 
mediated reduced susceptibility to ampicillin were <10-9. This compares 
with a minimum frequency of transformation and of transference of 
resistance following filter-paper matings of the order of 10-7. The
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rate of successful transformation of this type of resistance compares 
with 10"6 - 10“7 reported by Mendelman et al. (1984a) for three out of 
four donors and with 10-5 reported by Parr and Bryan (1984) for a type b 
isolate. While the former authors used similar methods to those 
described in 2.4.3 but a different recipient, the latter authors used 
different methods but a novobiocin-resistant derivative of Rd. Both 
reported transference of broad-spectrum beta-lactam resistance as 
reported in 4.2.1.

Herriott et al. (1970) estimated that 5-10% of cells made competent 
by MIV were transformed in the presence of an excess of labelled DNA 
which conferred resistance to streptomycin or erythromycin. While the 
transformation frequencies observed in 4.3.1 were at least lOOx greater 
than any spontaneous change to intrinsic resistance, efficiency of 
transfer did not approach the theoretical maximum nor that obtained by 
Roberts et al. (1981) when transferring type b or d encapsulation genes.

Nevertheless, transformation of H.influenzae by Haemophilus DNA has 
been shown to be an efficient process due to the presence of multiple 
copies of a recognition site sequence in the genome (Sisco and Smith, 
1979). These authors reported that recognition was specific to DNA of 
the genus and suggested from results of DNA competition assays that 
about 600 copies of the uptake sites, each thought to be 8-12 b.p. long, 
occurred in the chromosome. Barany and Kahn (1985) described uptake of 
transforming DNA into cell surface membranous structures 
(transformasomes) which afford some degree of protection from external 
DNAse or internal restriction and modification enzymes. They concluded 
that, following pairing of bases at the end of the strand undergoing
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degradative attack with chromosomal sequences, exit of DNA from
transformasomes and integration with the chromosome was mediated.

Given the existence of such specialised mechanisms, it was 
surprising that the wild-type isolate Rl did not appear to be 
transformable by the same lysates which efficiently produced offspring 
of the well-characterised Rd. Although some recombinant-deficient 
laboratory strains of H.influenzae are well characterised, there was no 
reason to suppose that the wild-type isolate chosen should not behave as
a successful recipient. This raises the possibilities that either Rl
was indeed abnormal in its recombinant capacity or that Rd is an
exceptionally good recipient under these conditions.

It merits mention that in working out the precise constituents of 
the competence medium HIV, Herriott et al. (1970) were using Rd as 
recipient. Similarly, in their studies of transformation, both Sisco 
and Smith (1979) and Barany and Kahn (1985) examined Rd or derivatives 
of Rd. Hence optimum conditions for induction of competence and 
successful transformation of Rd may not be applicable to all 
H.influenzae.

Transfer of the resistant phenotype by filter-paper matings was far 
less successful although the two donors of intermediate ampicillin- 
susceptibility produced offspring at a frequency of 10“7. Mendelman et 
al. (1984a) were unsuccessful in attempting to transfer non-lactamase- 
mediated ampicillin resistance by filter matings. These findings and 
those of 4.3.1 point to the genes involved being situated in the 
chromosome and not on a plasmid which is either free or integrated.
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The precise mechanism of cell-to-cell transfer of chromosome- 
integrated sequences has not been fully elucidated. In cases which do 
not involve excision of a conjugative plasmid, occasional transformation 
of naturally occurring competent recipients with DNA from lysed cells 
may be occurring in mixed cultures. Stuy (1985) reported that 
chromosomal markers were inefficiently transferred by mixed colony 
crosses and were not incorporated in recombinant-deficient recipients. 
Such transfers between cells grown together in broth were eliminated by 
addition of DNAse to the medium and reduced in the presence of competing 
DNA. Although transformation was the mechanism implicated by these 
results, Albritton et al, (1982) reported that, while addition of DNAse 
abolished gene transfer in broth culture, it had little effect on the 
frequency of acquisition of markers when cell-to-cell contact was 
allowed on filters. These authors concluded that the mechanism involved 
was neither classical transformation nor plasmid mobilisation effecting 
conjugation.

Despite the inability of Rl to act as an efficient recipient in 
transformation experiments, its streptomycin-resistant derivative RISa 
appeared able to accept exogenous DNA at a low frequency when co
cultured with donor cells on filters. The likely mechanism involved in 
this transfer must still be some transformation process. It is possible 
that, in a milieu of many naturally lysing cells on the filters, local 
DNA concentrations were very high and that uptake occurred during co
culture. Alternatively, much DNA was inoculated from the filters into 
the broths and this, together with that released from cells dying 
towards the end of the 18 h culture period, might have effected 
transformation.
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Acquisition of broad-spectrum reduced susceptibility to beta-lactams
Comparison of offspring of transformation with their respective 

parents revealed that, although similar patterns of reduced 
susceptibility were observed, offspring tended to be slightly more 
susceptible to ampicillin and other beta-lactams. This observation 
raises the possibility that either incomplete sequences encoding the 
protein changes mediating resistance were taken up by Rd and/or that 
expression of these sequences by Rd was modified in some way.

Two transformants derived from the isolate least susceptible to 
imipenem (MIC 4 mg/1) did not inherit this property (MIC .£0.5 mg/1). 
Some degree of reduced susceptibility to meropenem was acquired by all 
offspring from parents (all inhibited at £0.5 mg/1) when compared with 
Rd (MIC 0.03 mg/1). However, reduction in susceptibility to the new 
carbapenem was generally minimal with most offspring inhibited at 
^0.12 mg/1. This latter finding additionally supports the hypothesis 
arising from results in 4.2, where non-lactamase-mediated reduced 
susceptibility to meropenem was independent of that to imipenem and much 
less marked than that to non-carbapenem beta-lactams examined. 
Combining these results it seems that the new compound may be unique in 
utilisation of both carbapenem and non-carbapenem entry sites through 
the outer - membrane and/or binding sites to the penicillin-binding 
proteins.

Selection of mutants
During experiments which resulted in selection of mutants of Rl 

which possessed intermediate resistance to ampicillin, it was noted that 
cells surviving in broths containing up to 16 mg/1 ampicillin all showed
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an increase in MIC of ampicillin, i.e. the numbers recovered on 
ampicillin-containing and drug-free plates were the same. However, 
following one subculture prior to determination of MICs of ampicillin, 
none of these colonies showed resistance to more than 1 mg/1 of 
antimicrobial. Even if a considerable decrease in ampicillin 
concentration had occurred during the 24 hour incubation period, cells 
must have withstood high concentrations on initial transfer into 
freshly-supplemented broth each day.

There are several possible explanations for these observations. 
Mechanisms mediating a stable increase in MIC of ampicillin may have 
been supplemented by the development of some degree of tolerance to 
cidal activity of the beta-lactam. Phenotypic tolerance to beta- 
lactams, as defined by Tuomanen et al, (1986), may result on exposure of 
non-growing cells to antimicrobials - a phenomenon reported to occur in 
H.influenzae by Bergeron and Lavoie (1985). Since cells were in 
stationary phase on transfer to fresh broth each day, survival may have 
been possible until ampicillin concentrations fell to sub-MIC levels 
from natural instability of the molecule in sBHI at 37°C,

However, Woolfrey et al. (1987) demonstrated that, on ampicillin-
containing agar plates, a paradoxical effect occurred. Maximum killing 
was detected at concentrations just above the MIC followed by a steep 
but strain-dependent and variable rise in surviving organisms with 
further increases in beta-lactam concentrations. This latter study 
suggested that tolerance was not an all-or-none phenomenon and also 
raised the possibility that spheroplast formation, as described by 
Roberts et al, (1974) and Bottone et al, (1976) might be involved in 
survival at higher beta-lactam concentrations.
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Furthermore, Sykes et al, (1977) claimed that there were three 
subpopulations of E.influenzae divisible by behaviour in the presence of 
ampicillin. One of these groups was reported to be able to produce 
stable spheroplasts and showed inoculum-dependent rises in MIC of 
ampicillin and cefuroxime with hazy zones on disc testing. However, 
mutants of R1 obtained produced sharply defined zones of reduced 
diameter and colonies of normal morphology, together with stable rises 
in MICs of beta-lactams. These features suggested that they were 
neither stable spheroplasts nor unstable forms that would have been 
expected to revert to ampicillin susceptibility with recovery of normal 
cell morphology.

Outer membrane proteins 
Reproducibility

The method of outer membrane separation used in this study was that 
described by Stull et al. (1985) as the detergent selective 
solubilisation procedure which gave profiles closest to those obtained 
following isopycnic sucrose gradient centrifugation of French pressates. 
Loeb and Smith (1980) had previously reported a close association of 
profiles obtained by these two methods. However, Loeb et al. (1981) 
pointed out the disadvantages of sonication and detergent 
solubilisation, including a tendency to hybridization of inner and outer 
membrane components. Nevertheless, much of the work which established 
subtyping of encapsulated Haemophilus influenzae b isolates for 
epidemiological and antigenic studies utilised sarkosyl-insoluble 
fractions (Barenkamp et al., 1981a; 1983b).
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Good reproducibility was observed when second and third 
preparations of the same isolates were examined and when the same 
preparations were run repeatedly. Clearly, if attention is paid to 
standardization of culture medium, time of harvest and SDS-PAGE running 
conditions, reproducible profiles can be obtained for comparison 
purposes (Loeb and Smith, 1980) although Murphy et al, (1987) have
suggested that phase of growth might be less important than previously 
thought. Comparison of profiles obtained using different methods, 
however, is unlikely to be a valid exercise. For example, Barenkamp et 
al, (1981a) noticed that use of sarkosyl yielded fewer of the minor 
proteins picked up in French pressates or with use of Triton-X.

Nomenclature
It is not surprising, therefore, that there is no universally 

adopted numbering system for the major OMP bands described by many 
workers, even among the far more extensively investigated type b 
isolates (van Alphen et al,, 1983b/ Munson and Grass, 1988). Stull et 
al, (1985) reported 10 major protein bands associated with the outer 
membrane fraction whereas Loeb and Smith (198o) and van Alphen et al, 
(1983b) reported six. Most of the non-capsulate profiles in this study 
contained seven major bands.

Intra-species variation
Examining profiles of non-capsulate isolates, Murphy et al, (1983) 

reported that, as observed among susceptible and resistant isolates in 
this study, all 48 isolates they examined had two principal OMPs in the 
range Mr = 32-42 x 103. These workers described eight subtypes based on 
migration of these proteins and noted that, as with some bands obtained
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from type b isolates (Barenkamp et al,r 1981b), one of the two major 
proteins was heat-modifiable. They also reported that they found no 
association between OMP subtype and biotype. Similarly Barenkamp et al. 
(1982) reported that, apart from an association of profile with capacity 
to produce invasive disease found among a small number of biotype II and 
IV isolates, patterns varied widely within biotypes. However, these 
authors and Loeb and Smith (1980) noted the constant presence of two 
bands, around 16 x 103 and 31.5 x 103, among non-capsulates, also 
observed in susceptible and resistant isolates examined in this study. 
Antibody to the smaller of these two proteins, which constitutes about 
5% of total OMP protein and has been designated P6, has been shown to be 
bactericidal (Munson and Granoff,'1985? Nelson et al., 1988).

However, three biotype III isolates, one susceptible and two with 
intermediate susceptibility to ampicillin, produced profiles very 
similar to each other although markedly different to that of the 
resistant biotype III, 1189. Carlone et al. (1985) reported that, among 
biotype III E.influenzae, those which were biochemically determined to 
be E.aegyptius were of only two and very predominantly of one OMP 
subtype. Although none of the ampicillin-susceptible or resistant 
type III isolates examined in 2.4.3 were from eyes, the three profiles 
which closely resembled each other appeared to be consistent with the 
subtype 1 E.aegyptius pattern described by these authors, containing 
major bands of Mr 27, 35 and 41 x 103.

In their .study of ampicillin-susceptible and resistant beta- 
lactamase negative isolates from Scotland, Reid et al, (1987) stated 
that four of the seven biotypes exhibited characteristic OMP patterns
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when they examined pairs of susceptible H.influenzae of each biotype. 
However, no consistent pattern of similarity or difference was found 
between susceptible and resistant isolates of the same biotype. Since 
only two susceptible isolates representative of each biotype were 
examined and some differences were evident between these and 
corresponding beta-lactamase producers, it seems unlikely that their 
finding of some degree of association among the small numbers examined 
contradicts the observations of others. Coverdale and Temple (1989) 
examined OMP profiles of 59 non-typable H.influenzae and found no 
association between OMP cluster groups and biotype.

The P2 OMP of H.influenzae
In 1988, Murphy and Bartos reported that P2, the H.influenzae OMP 

of approximate Mr 40 x 103, constituted about 50% of the total outer 
membrane associated protein in non-typable isolates and was a target for 
bactericidal antibody. From cleavage studies, they concluded that P2 of 
non-typables was very similar to that of type b isolates. Hansen et al. 
(1989) showed that there was a single copy of the P2 gene in the type b 
chromosome and that P2 from type b isolates had up to 25% homology with 
the OmpF porin in E.coli (Nikaido and Vaara, 1985), and with the 
Heisseria gonorrhoeae porin P.I.A. (Carbonetti and Sparling, 1987; 
Gotslich et al., 1987).

This similarity had already been suggested by the findings of 
Vachon et al. (1985), in a type b isolate,and Burns and Smith (1987a) 
studying chloramphenicol-resistant non-capsulates, that the approximate 
40 x 103 protein functioned as a porin. In keeping with the earlier 
observations in many species (Nikaido and Vaara, 1985) decreased 
synthesis of this protein was shown by Burns and Smith to result in a
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reduction in permeability associated with some degree of resistance to 
chloramphenicol and to several hydrophilic antimicrobial agents 
including ampicillin, cephalothin, cefaclor and cefuroxime. Wild-type 
isolates with non-lactamase-mediated resistance to ampicillin examined 
in 4.3.2 were not observed to show decreased susceptibility to
chloramphenicol and did not consistently produce less of any proteins 
around Mr 40 x 103. These latter findings are in agreement with those 
of Reid et al. (1987), Parr and Bryan (1984) and Mendelman et al. 
(1984a).

Association of profile with antimicrobial resistance
The studies of intrinsic resistance described here have provided a 

variety of observations regarding possible associations of reduced 
susceptibility to ampicillin and other beta-lactams with OMP profile. 
Parr and Bryan noted an unusual 45 x 103 band in a wild-type type b 
isolate with broad-spectrum beta-lactam resistance but this did not 
transform with the resistant phenotype nor were the differences in
permeability between the resistant isolate and a susceptible control 
detectable in the transformants. Mendelman et al. found that offspring 
of only one of three successful donors had significantly diminished 
permeability to penicillin. However, permeability of the donors was not
determined for comparison. Although OMP profiles of two transformants
differed from that of the recipient, the only finding of note was that 
decreased permeability in one was accompanied by absence of a 27 x 103 
band present in the susceptible recipient and in another transformant of 
normal permeability derived from the same donor. These two 
transformants differed in their susceptibility to cephalosporins in that 
the decreased permeability to penicillin in one was associated with

204



markedly higher MICs of these beta-lactams. Differences in bands 
between donors and recipients were not observed in 4.3.2. Furthermore 
RISa, Rd, all donors and offspring appeared to produce a clear band 
around Mr=27 x 103.

The presence of a band at 33 x 103 in R1 and ampicillin-susceptible 
isolates of other biotypes but not in wild-type resistant H.influenzae 
or selected mutants of Rl (MIC ampicillin 1 mg/1) suggested an 
association between absence of this protein and reduced susceptibility 
to beta-lactams. However, this apparently consistent difference has not 
been reported by other workers. Indeed, Reid et al reported that one 
wild-type resistant isolate contained an extra band at 33 x 103 when 
compared with a susceptible isolate of the same biotype but these 
authors used sarkosyl solubilisation. This 33 x 103 band was not 
present in the susceptible recipient Rd so it was not possible to 
correlate its presence or absence in transformants with acquisition of 
resistance. Nevertheless, this association seems to merit further 
investigation which would involve examination of a larger number of both 
susceptible and resistant wild-type H.influenzae.

It was notable that only one parent required 4 mg/1 imipenem for 
inhibition and that transformants inherited marked reduced 
susceptibility only to the non-carbapenem beta-lactams making it 
impossible to correlate any feature of OMP profile with some degree of 
resistance to imipenem. These findings suggested that reduced 
susceptibility to imipenem involved acquisition of a property or 
properties quite distinct to those mediating resistance to other beta- 
lactams. In contrast, the patterns observed with meropenem implied that
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there was some association, albeit incomplete, between reduced 
susceptibility to this carbapenem and to other beta-lactams. However, 
transformants were commonly inhibited at concentrations of meropenem at 
least three doubling dilutions lower than those required to inhibit 
growth of parent organisms.

Although it has not been possible in this study to pinpoint OMP 
differences that might relate to reduced susceptibility to carbapenems, 
observations of imipenem-resistant Pseudomonas aeruginosa which emerged 
during therapy have established that resistance to the carbapenem need 
not always be accompanied by resistance to other beta-lactams (Quinn et 
al., 1986). In addition, these authors found that imipenem resistance
was accompanied by a marked reduction in synthesis of a 48 x 10  ̂OMP 
regardless of acquisition of resistance to other beta-lactams. Broad- 
spectrum resistance to beta-lactams without imipenem resistance did not 
correlate with OMP changes. Examination of resistance to meropenem in 
Pseudomonas aeruginosa has shown a lack of correlation with reduced 
susceptibility to imipenem and with OMP changes associated with 
resistance to the latter carbapenem (Edwards and Wannop, 1987).

The behavioural patterns observed in H.influenzae strongly suggest 
that a similar phenomenon is involved in this species which possesses an 
outer membrane that is normally very permeable to beta-lactams (Coulton 
et al.r 1983? Medeiros and O ’Brien, 1975). A single porin change might 
not be detectable by the method of OMP extraction used. Examination of 
more H.influenzae isolates with reduced susceptibility to imipenem and 
further attempts at production of resistant transformants, perhaps by 
selection on imipenem-containing agar, might yield more information.
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Penicillin-binding proteins 
Profiles of wild-type isolates

The ampicillin-susceptible and resistant isolates examined showed 
eight major bands between Mr 97-21 x 103 and almost all produced bands 
at approximately 44 and 29 x 103. Makover et al, (1981) were the first 
to describe the PBPs of E.influenzae and recognised eight major bands of 
Mr between 90 and 27 x 103. Mendelman and Serfass (1988) showed that 
H ,influenzae profiles generally differed from those of other Haemophilus 
sp. while Mendelman and Chaffin (1985) recognised the importance of 
growth stage, finding that two of the eight major PBPs were lost after 
cells entered stationary phase.

In these studies and others to be described, the exact Mr of the 
various PBPs reported has varied slightly. However, PBP-1 is always 
placed at 93-97 x 103 while PBP-8 is around 24-28 x 103. The two major 
bands recognisable in all isolates in this study appear to correspond to 
PBPs 6 and 8. The 58 x 108 PBP recognised in susceptible but not 
resistant isolates probably corresponds to PBP-5 while the two at 
90 x 103 would be PBPs 1 and 2 from the nomenclatures of Makover et al, 
(1981), Serfass et al, (1986), and Mendelman and Serfass (1988).

Serfass et al, (1986), Reid et al, (1987) and Mendelman et al, 
(1987) have all commented upon the variation in PBP profiles seen among 
both ampicillin-susceptible and resistant isolates as also noted above. 
Serfass et al, described a consistent decrease in binding capacity of 
PBP-5 (Mr at 56 x 103) among four US isolates. This finding is in 
agreement with observations made among the 13 wild-type resistant UK 
isolates studied which all lacked a distinct band around 58 x 103. 
However, Mendelman et al, (1987) studied 23 resistant isolates from
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different countries but failed to demonstrate any PBP-5 changes, stating 
that the number of PBPs expressed varied between five and 10 in number.

R1 and resistant mutants
In support of the importance of PBP-5 are the differences observed 

between R1 and its mutants Ac and Ak. These two isolates also lacked 
strong banding in PBP 1 and 2 areas. The marked decrease in 
susceptibility of Ac and Ak to ceftazidime and aztreonam could not be 
correlated with either of these changes since wild-type resistant 
isolates with normal susceptibility to these agents also shared these 
features in profiles.

Rd and transformants
Unfortunately, the longstanding laboratory strain Rd did not show 

discrete banding at the PBP-5 position and was generally atypical of 
B,influenzae. The well circumscribed band at 39 x 103 probably 
represents PBP-7. This was variably expressed in transformants and 
could not be correlated with any feature of their beta-lactam 
susceptibility.

It was notable that none of the offspring of 3200 resembled Rd in 
PBP profile although they were identical to the recipient in OMP 
profile. Although specific differences could not be correlated with 
resistance, these findings strongly suggest that major PBP changes and 
not OMP changes were responsible for expression of broad spectrum 
reduced susceptibility to beta-lactams by these three transformants.
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Mendelman et al, (1984) described variable changes in PBP binding
among their four transformants but noted a consistent decreased affinity 
for ampicillin of a PBP around 60 x 103 which might correlate with PBP-5 
by the nomenclature of other workers. Parr and Bryan (1984) obtained a 
resistant transformant with a major reduction in binding affinity to 
PBPs of Mr 68 and 65 x 103 which they named 3a and 3b respectively. 
Malouin and Bryan (1988) concluded that PBP-3 was important in cell 
separation and was easily modified both in binding affinity and SDS-PAGE 
mobility if cells were grown at temperatures above 37°C. Malouin et al, 
(1987) cloned the gene encoding PBPs 3a and b as previously defined by 
Parr and Bryan. Expression of plasmid-coded proteins (using subclones) 
indicated that part of this gene encoded a protein Mr=55 x 103 (i.e.
similar in size to PBP-5) but they were unable to label this protein 
with penicillin in minicell systems.

To date, then, evidence from PBP studies points to a possible
relationship between altered expression of PBPs around 55 to 65 x 103
(variably called PBP 5 or 3 but considered by many authors to be one and
the same despite the mobility differences described) and expression of 
non-lactamase-mediated reduced susceptibility to beta-lactams. However, 
some authors have failed to describe this feature and Mendelman et al,

(1987) have clearly demonstrated that the phenomenon is not a consistent 
finding among such isolates.

Summary
Longstanding exposure in broth culture to ampicillin resulted in 

selection of mutants with some degree of reduced susceptibility to beta- 
lactams but this did not occur when organisms were plated on
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ampicillin-containing agar. The occurrence of this phenomenon in vivo 
during exposure of respiratory tract organisms to sub or near MIC 
concentrations of drug which never reach cidal levels might explain the 
association of this type of resistance with H.influenzae isolated from 
sputa.

Broad-spectrum reduced susceptibility to beta-lactams could be 
transferred from certain donor H.influenzae both by transformation and, 
less efficiently, by filter-paper matings. Results using R1 as 
recipient suggested that wild-type ampicillin-susceptible isolates may 
be less easily transformed than well-characterized laboratory strains. 
Transfer of resistance was incomplete with respect to the carbapenems, 
imipenem and meropenem, but the susceptibility of transformants to other 
beta-lactams resembled that of their donor parents.

OMP profiles were very variable among H.influenzae, even when of 
the same biotype. The absence of a 33 x 103 band among wild-types with 
this type of resistance was common and was also seen among resistant 
mutants of Rl. No other differences correlated consistently with 
reduced susceptibility to beta-lactams.

PBP profiles of wild-type susceptible and resistant isolates
strongly suggested that decreased affinity for penicillin and/or
expression of PBP-5 correlated with the resistant phenotype. This 
difference was also noted between Rl and its mutants. Rd did not show a 
recognisable band in this region so that analysis of transformant 
profiles with regard to this feature was not possible. Profiles of
transformants varied in their resemblance to their parents and to Rd
even though all had been shown to be identical to Rd in OMP profiles.
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Conclusions from this study and the others described support the 
findings of Mendelman et al, (1987). These authors deduced from EET, 
auxotroph testing and PBP profiles that H.influenzae with this type of 
resistance did not arise from a single clone and are genetically similar 
to other non-typable organisms in the species.
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CHAPTER 5 
RESISTANCE TO CHLORAMPHENICOL
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5.1 Detection of resistance to choramphenicol and other non-beta- lactam antimicrobial agents
Accurate detection of resistance to chloramphenicol is very 

important for management of invasive H.influenzae infections in 
countries where it is widely used as a first-line agent. The
discrepancies between zone and MIC indicators of resistance by LHMC 
methods and criteria and the difference between results from LHMC and 
peripheral laboratories are considered in this section.

5.1.1 Failure to detect resistance in peripheral laboratories and at 
LHMC

In order to assess whether the discrepancies noted were specific to 
detection of chloramphenicol resistance, similar figures for
tetracycline, trimethoprim and sulphamethoxazole were examined. Some 
laboratories did not routinely test some of these agents for all 
isolates so that the data is not complete. The findings are summarised 
in Table 5.1.(i).

These data clearly show that few H.influenzae were falsely reported 
as resistant to any of these antimicrobial agents. However, from the 
patient's point of view, the more damaging error is that of falsely 
reporting susceptibility since inappropriate therapy may result. In
this respect, susceptibility to all four agents was frequently 
misreported in participating laboratories. Nearly half of the CAT- 
producing chloramphenicol-resistant isolates for which a peripheral 
centre. result was available were reported to clinicians as being 
susceptible. Similar proportions of isolates resistant to either 
tetracycline or sulphamethoxazole but less than a quarter of those 
resistant to trimethoprim had been misreported.
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Discussion of these discrepancies between LHMC and participants 
relies on justification of the appropriateness of the zone diameter and 
MIC criteria adopted at LHMC in all three surveys for delineation of 
susceptible and resistant populations. It has been pointed out in 
Chapter 3 that the correlations between reduced zone diameters and 
chosen breakpoints of MIC employed at LHMC were not perfect. These 
discrepancies are summarised in Table 5.1. (ii) in which the numbers of 
isolates resistant by zone diameter, MIC or by both criteria are 
compared.

Chloramphenicol
The modal zone diameter for the CAT-negative chloramphenicol- 

susceptible isolates was 32 mm while CAT-producing isolates showed zones 
of up to 24 mm. However, 40% of the isolates which produced CAT (see 
Section 5.2) showed zone diameters which were within +6 mm of the 20 mm 
diameter breakpoint. By changing the breakpoint for resistance to 
*$26 mm, i.e. £6 mm below the mode for susceptible isolates, none of the 
CAT-producers would have been missed. Moreover, application of this 
breakpoint for resistance to LHMC data would not have resulted in any of 
the isolates which failed to grow on 4 mg/1 chloramphenicol plates (i.e. 
which were inhibited at *$4 mg/1 chloramphenicol) being reported as 
resistant by disc testing alone. Eight isolates produced zones of 26 mm 
diameter; none were resistant to tetracycline and all were inhibited by 
<1 mg/1 chloramphenicol. All of the isolates found to be tetracycline- 
resistant but chloramphenicol-susceptible produced zones £28 mm around 
the chloramphenicol disc, further supporting the view that no CAT- 
producers had been missed.
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Table 5«l.fii) Discrepancies between detection of resistance by zone diameter and MIC parameters at LHMC

Antimicrobial
Number
resistant by 
zone diameter

Number
resistant by 
zone diameter 
and by MIC

Number resistant by MIC not 
detected on 
disc testing

Chloramphenicol 32 30* 10
Tetracycline 67 66 Nil
Trimethoprim 105 103 Nil
Sulphamethoxazole 191 85 7

* Final number considered resistant was 42 (by CAT production)
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Tetracycline and trimethoprim
Resistance to tetracycline or trimethoprim as judged by MIC was 

not missed by disc testing at LHMC, i.e. no isolates showing zone 
diameters >20 mm around the 10 ug tetracycline or 1.25 ug trimethoprim 
discs were able to grow on the 4 mg/1 tetracycline or 2 mg/1 
trimethoprim screening plates respectively. One isolate for which the 
zone of inhibition was <20 mm was inhibited at <2 mg/1 tetracycline. 
Similarly, only two isolates resistant to trimethoprim by disc testing 
were susceptible by MIC. Modal zone diameters for isolates susceptible 
and resistant by MIC were markedly different for both these agents 
(Table 5.1.(iii).

Sulphamethoxazole
Although only seven isolates for which zones of inhibition around 

the sulphamethoxazole discs were ^20 mm were able to grow on the 
screening plates, 106 isolates were resistant on disc ‘testing but 
inhibited at ^16 mg/1. The prevalence of resistance by disc testing 
alone (8.9%) was more than twice that by combining zone and MIC criteria 
(3.5%). Nevertheless, the modal zone diameters for the two populations 
susceptible and resistant by MIC were very different (38 and 6 mm 
respectively). The figures suggest that while few isolates would be 
falsely reported as susceptible by LHMC methods and criteria, many would 
be wrongly called resistant provided that the >32 mg/1 MIC breakpoint 
for resistance is reasonable and that the method is appropriate for this 
drug.

It is not surprising, therefore, that the greatest discrepancies 
between LHMC and peripheral laboratories were seen in reporting
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Table 5,1.(iii) Modal zone diameters for isolates found to be 
susceptible or resistant by MIC determination at LHMC

Modal zone diameter (mm) for survey 
isolates:
inhibited at inhibited at
<MIC breakpoint £MIC breakpoint
for resistance for resistance

Antimicrobial i.e. susceptible i.e. resistant
Chloramphenicol 32 14
Tetracycline 34 11
Trimethoprim 35 6
Sulphamethoxazole 38 6
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susceptibility or resistance to sulphamethoxazole. Of those susceptible 
at LHMC 16% had been considered resistant,and 53% of those resistant at 
LHMC (by zone and MIC) had been reported as susceptible by participating 
laboratories.

5.1.2 Discussion of susceptibility testing methods and conclusions 
Resistance to chloramphenicol

Some important issues arose from analysis of detection rates for 
resistance to chloramphenicol. In particular, the failure of disc 
testing alone to pick up all 42 CAT-producing chloramphenicol-resistant 
isolates was of major concern since this agent is used for first-line 
therapy of invasive disease in the UK and most laboratories rely on disc 
testing to indicate susceptibility or resistance. The breakpoints for 
zone diameters and MIC applied were those proposed by Williams and 
Rattan (1978). Peripheral laboratories missed 44% of CAT-producers by 
disc testing while LHMC results would have missed 33% using a <20 mm 
zone diameter breakpoint alone. Snell et al. (1986) found that 20% of 
DMRQC participants reported false susceptibility to chloramphenicol. 
The stress placed on correct susceptibility results by DMRQC undoubtedly 
influenced these figures in the same way as discussed in 4.1 for 
detection of resistance to ampicillin.

Zone diameters produced by those isolates resistant to 
chloramphenicol by MIC criteria at LHMC were generally markedly reduced 
when compared with the fully susceptible population ($24 mm). All would 
have been detected by a $26 mm breakpoint, i.e. £6 mm below the modal 
diameter for the susceptible population suggesting that the breakpoint 
of <20 mm was unsuitable. The new breakpoint would not have increased
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the prevalence of resistance by disc testing alone. Isolates for which 
zones of inhibition were equal to 26 mm were not examined for production 
of CAT in 5.2. However, since none of these eight were also resistant 
to tetracycline and were inhibited at ><1 mg/1 chloramphenicol, the 
^26 mm breakpoint appeared to provide excellent discrimination between 
susceptible and resistant populations.

The 1 h tube method for CAT-detection (Azemun et al., 1981), which 
utilises the same colour production reaction originally described by 
Shaw and Brodsky (1968), is now recommended for general use in the USA 
to screen isolates from cases of invasive disease. This test will 
reliably identify CAT-producers in comparison with the poorly 
reproducible method of Slack et al. (1977) (personal observation, 1987) 
but will not detect the apparently very rare H.influenzae with non-CAT- 
mediated resistance (Burns et al., 1985). Hence rapid enzyme detection 
methods should not replace disc susceptibility testing. Although they 
may provide confirmatory evidence of resistance when mediated by CAT 
production, a negative test cannot be presumed to indicate 
susceptibility. In addition, since the prevalence of resistance is 
still low in the UK (<2I) it is doubtful that many laboratories would be 
able to acquire sufficient expertise with the tube CAT-detection test 
for this to be any more reliable than disc-susceptibility for detection 
of enzyme-mediated resistance.

Detection of resistance to other antimicrobials 
Tetracycline and trimethoprim

The correlation between resistance as determined by zone and MIC 
parameters at LHMC was very good for these two antimicrobial agents.
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Peripheral laboratories rarely reported false resistance but the data 
accumulated showed considerable problems in detecting resistance to both 
antimicrobials. With regard to tetracycline, there is no obvious 
explanation for the discrepancy other than failure to measure zone 
diameters or use of inappropriate disc sizes and breakpoints.

Experience of the 1986 survey showed better agreement with 
peripheral laboratories than in 1981 when 6.2% of trimethoprim-sensitive 
but 67% of trimethoprim-resistant isolates detected at LHMC had been 
falsely reported to the clinician by the laboratories of origin on the 
basis of disc testing alone (Philpott-Howard et al., 1983). However,
Snell et al. (1986) reported that, of the six isolates distributed from 
DMRQC in 1985 for susceptibility testing, the incidence of reporting 
false susceptibility to trimethoprim was only 3% and false resistance 
12% (see explanation for such differences in 4.1). Doern and Jones
(1988) stated that they consider routine susceptibility testing to 
trimethoprim to be generally unwarranted in the USA and, when indicated, 
should be performed using trimethoprim-sulphamethoxazole in combination. 
The USA prevalence of resistance to the combination disc is still <2% 
(Doern et al,, 1988).

Most UK laboratories now use a susceptibility testing medium which 
does not contain thymidine (see Chapter 6). Hence false resistance is 
uncommonly reported. Failure to detect resistance is a worry since many 
studies described in Chapter 1 concluded that resistance to trimethoprim 
renders both the drug alone and the trimethoprim-sulphamethoxazole 
combination inactive. Use of a 1.25 ug disc on Cavanagh's medium and a 
20 mm zone diameter breakpoint will reliably detect isolates requiring
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at least 2 mg/1 trimethoprim for inhibition and will only occasionally 
result in a false report of resistance.

Sulphamethoxazole
As in i981, problems were evident at LHMC in correlation between 

disc susceptibility and MIC parameters of resistance. Waterworth (1978) 
pointed out that despite using antagonist-free media, there was a marked 
inoculum effect on in vitro susceptibility to sulphonamides. This 
effect was thought to be due to stored PABA and was found to influence 
MIC determination far more than disc susceptibility testing as long as 
care was taken to achieve semi-confluent growth.

The marked difference between modal zone diameters for isolates 
susceptible or resistant by MIC at LHMC does suggest that many of the 
106 isolates resistant by zone diameter only may not be susceptible to 
the drug. Hence, the reported 1986 prevalence of resistance of <41 may 
be falsely low. However, sulphonamides are not used alone in therapy 
and the studies reported in Chapter 1 suggested that susceptibility to 
trimethoprim was the crucial factor in therapeutic success when using 
co-trimoxazole.

Susceptibility testing in peripheral laboratories
The results presented suggested that LHMC criteria for 

determination of resistance by zone diameters are suitable for detecting 
isolates resistant to tetracycline, trimethoprim and, with the new 
breakpoint of ^26 mm, chloramphenicol when using Cavanagh's medium and 
taking care to produce semi-confluent growth.
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Easy availability of suitable H.influenzae controls might have a 
major influence on the accuracy of susceptibility testing in peripheral 
laboratories and would encourage precise measurement of zone diameters. 
In most centres the need to keep alive a cold-sensitive organism which 
does not reliably survive for more than one week on chocolate agar 
slopes is a major problem. The requirement for a carefully supplemented 
medium in order to obtain reliable results is an added burden which has 
undoubtedly contributed to abandonment of susceptibility testing for all 
except invasive H.influenzae in several UK laboratories. This practice 
has also been considered justifiable in the larger and busier centres 
where the only test performed is for detection of beta-lactamase. The 
data presented in Chapter 3 strongly suggests that such practices are 
unsatisfactory and may result in inadequate therapy for invasive and 
non-invasive H.influenzae infections

5.2 Mechanisms of resistance to chloramphenicol in H.influenzae
5.2.1 Activity and biochemical type of the CATs found in H.influenzae 

CAT activity was detected in extracts from all the 
chloramphenicol-resistant isolates identified according to the criteria 
described in Chapter 3. Specific activities were in the range 9.2xl0~3 
- lxlO-1 units/mg dry weight (Fig. 5a) representing a 10-fold difference 
between the highest and lowest measurements. In contrast, activities 
measured in five separate extracts prepared simultaneously from a single 
culture varied by no more than +10% and activities from three sequential 
overnight cultures of the same isolate varied by +20%. The activities 
did not correlate with either the diameters of the inhibition zones 
around 10 ug chloramphenicol discs or with the MICs of chloramphenicol 
for the isolates studied. Extracts of cultures that had been grown in
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the presence of chloramphenicol (2 mg/1) contained 40-190% (mean 90%) of 
the levels of specific CAT activity of cultures grown on drug-free media 
(Fig. 5b). Extracts made from the three control chloramphenicol- 
sensitive strains did not contain detectable CAT activity before or 
after attempted induction.

The CAT activity of all the extracts was reduced by 84-98% if they 
were first incubated for 30 min with 0.5 mM DTNB. Extracts incubated 
for 30 min without DTNB retained almost all of their activity, and 
adding 0.1 mM chloramphenicol to the extract mixed with DTNB, in the 
absence of acetylcoenzyme A, largely prevented enzyme inactivation by 
DTNB during a 30 min incubation period at 37°C (Fig. 5c). Identical 
behaviour was observed with Type II CAT from E.coli, whereas the Type I 
and Type III CATs from E.coli were largely insensitive to DTNB
(Table 5.2.(i)).

5.2.2 Location of the gene encoding CAT production
Only five of the 42 resistant isolates contained plasmids

detectable by the method of Kado and Liu (1981). All had molecular 
weights around 40 x 106. E.influenzae containing plasmids were not more 
resistant than plasmid-free isolates; the CAT activities measured in the 
former organisms were scattered within the range observed for all the 
chloramphenicol-resistant E.influenzae. Neither of the two additional
methods of plasmid extraction detected extrachromosomal DNA in the eight 
isolates examined.

When attempts were made to cure three plasmid-containing isolates 
with ethidium bromide, chloramphenicol-sensitive colonies (MIC <2 mg/1) 
were not obtained. However, screening of chloramphenicol-resistant
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Table 5.2.(i) CAT activity of extracts from reference strains with 
and without a 30 minute incubation period in the 
presence of DTNB

E.coli Activity* (u/mg dry weight of extract)
Strain no. CAT type With DTNB Without DTNB ■
50055 I 1.9 X 10"2 2.0 X 10"2
50128 II 3.3 X 10-4 4.0 x 10"3
50022 III 9.4 X 10"2 8.3 X 10"2

Table 5.2.(ii) CAT activities measured by the spectrophotometric 
method compared with estimates from HPLC of 
reaction products

Source of CAT 
(type)

Activity 
measured 
spectro- 
photometric- 
ally (u/mg dry weight)*

Activity as estimated 
from initial rate of decrease 
in concentration of 
chloramphenicol 
(u/mg dry weight)*
pH 6.8 pH 7.8

E.coli 50055 (I) 2.0 X 10"2 1.6 X 10'2 1.4 X *-* o
1 to

E.coli 50128 (II) 4.0 X 10'3 5.6 X 10"3 5.0 X 10"3
E.coli 50022 (III) 8.3 X 10"2 8.0 X 10~2 8.0 X 10"2
E.coli 11186 (HI ) 2.0 X 10"1 1.2 X 10'1 2.4 X 10"1
H.influenzae 3299 (II) 2.1 X 10"2 2.0 X 10“2 1.6 X 10"2
E.influenzae 189 (II) 1.4 X 10"2 9.4 X 10~3 1.4 X 10"2
E.influenzae 516 (II) 1.0 X 10~2 9.6 X 10~3 2.0 X 10"2
E.influenzae 109 (II) 1.3 X 10“2 1.8 X 10~2 2.3 X 10-2

* 1 unit acetylated 1 umol of chloramphenicol/min under the defined
assay conditions.
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colonies by the method of Kado and Liu (1981) revealed that all six 
colonies of one isolate examined and three of six colonies of another 
were plasmid-free while all six colonies of the third still retained 
their plasmid (Plate VI). The MICs of chloramphenicol, and of 
tetracycline, trimethoprim and sulphamethoxazole, were unaltered after 
loss of these plasmids.

5.2.3 Reaction products of CATs produced by aerobic Gram-negative 
organisms

All the CATs examined converted chloramphenicol to a monoacetylated 
derivative as represented by a single peak between drug and 
diacetylchloramphenicol on HPLC of reaction products. In all cases, the 
monoacetyl form appeared within five minutes of the start of the 
reaction and was inversely paralleled by decreasing concentrations of 
chloramphenicol. Table 5.2.(ii) compares activity as previously 
measured using the spectrophotometric method of Shaw and Brodsky (1968) 
at pH 8.0 with the rate of conversion of chloramphenicol to a 
monoacetylated form as estimated from HPLC measurements, relating 
acetylation of chloramphenicol (umol/min), i.e. units of CAT activity as 
defined by Shaw (1975), to mg dry weight of cells as previously 
determined.

Agreement between these two different methods of estimating CAT 
activity varied according to pH of the reaction but was not consistently 
better or worse at either pH 6.8 or 7.8. Variation of activity 
determined from HPLC for any one CAT extract assayed at both pH values 
was within +22% for five preparations but nearly +50% for two of the 
H.influenzae enzymes. The variation observed between methods was at 
best nil and at the very worst 50% but 9/16 estimations were within +30%
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of the spectrophotometrically-determined activity of the same enzyme and 
12/16 were within +40%.

Enzymes from E.influenzae varied considerably in times at which the 
peak concentration of the monoester was reached and the length of the 
intervening period between this point and the commencement of decay of 
the molecule with a resulting increase in free chloramphenicol. 
Table 5.3.(iii) summarises the differences and compares these time 
intervals with those similarly observed for the three E.coli controls.

No diacetylchloramphenicol was detected in reactions catalysed by 
Type II CATs. The low activity of the E.coli Type II enzyme correlated 
with a much longer interval between the start of the reaction and times 
at which the concentration of monoester peaked and began to decline. In 
contrast, the CAT derived from E.influenzae 3299, of high measured 
activity, produced peak concentration of the monoacetyl much earlier 
than others of Type II. However, peak concentrations were maintained 
for a comparatively short period of time by this latter enzyme.

In contrast to the E.influenzae and E.coli Type II enzymes, the 
Types I and III CATs, including E.coli 11186 examined by Lovering et al. 
(1986),. produced diacetylchloramphenicol after 1-5 h accompanied by an 
earlier onset of decreasing concentrations of monoester and a much 
delayed appearance of increasing concentrations of free chloramphenicol 
in the mixtures. The diacetylated molecule was produced at both pH 6.8 
and pH 7.8 by these enzymes but the concentration of this compound was 
also noted to decrease after a minimum of 5 h at maximum concentration. 
In no case did the concentration of the diester exceed that of the 
monoester and as the former molecule decayed, a slowing of the decline
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in concentration of the monoester occurred although that of free
chloramphenicol continued to rise steadily, inferring a step-wise loss
of acetyl groups.

Decrease in concentration of diacetylchloramphenicol commenced far 
earlier at pH 7.8 than at pH 6.8. Similarly, decay of the monoester
occurred sooner at pH 7.8 in four of the seven assays and only 1-2.5 h
later than at pH 6.8 in two of the remaining three reactions. 
Incubation of manufactured diacetylchloramphenicol in these buffers 
established that at pH 7.8 both acetylated forms of the drug underwent 
spontaneous loss of acetyl groups far more quickly than at pH 6.8, 
ultimately yielding free chloramphenicol. These results are shown in 
Figure 5d.

The effects on the course of the reaction of increasing the 
concentration of PTA in the mixture to four times that routinely used 
are described in Table 5.2.(iv). Activity at both pH values was within 
+12% of previously recorded figures when the same extract was assayed 
using 2 x 104 u/1 PTA. At pH 6.8, there was a slight delay in reaching 
peak concentration of monoester and for the commencement of decline but 
both events occurred earlier at pH 7.8 than detected in the previous 
assay. The major difference was that no diacetylated drug was detected 
at either pH under these reaction conditions, even after 50 hours of 
incubation.

5.2.4 Discussion of results and conclusions 
CAT-mediated resistance

All the chloramphenicol-resistant isolates detected by combination 
of disc and MIC criteria produced CATs resembling the Type II enzymes of
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fig. 5 d Stability of manufactured diacetylchloramphenicol
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Table 5.2.(iv) Course 
E.coli

pH

of the reaction catalysed by CAT derived from 
50055 (Type XX when PTA concentration was

Activity
u/mg*

increased four-fold

Time (h) 
at which 
peak monoacetyl 
concentration 
reached

Time (h)
at which
monoacetyl
concentration
commenced
decline

Time (h) 
at which 
diacetyl 
detected

6.8

7.8

1.4 x 10 2

1.5 x 10"2

6.5 10

5.5

Not within 
50 hrs
Not within 
50 hrs

* 1 unit = acetylation of 1 umol of chloramphenicol/min under defined
assay conditions
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the enterobacteria in their level of activity and sensitivity to 
inhibition by DTNB (Gaffney etal., 1978; Zaidenzag et al., 1980).
Other workers have reported CAT, similar to the enteric Type II, in 
E.influenzae, E.parainfluenzae and E.ducreyi (Roberts et al., 1982; 
1985). However, detailed analysis by Roberts et al. (1982) showed that 
CATs from E.influenzae differ from enteric Type II CATs in some respects 
and are heterogenous. Zaidenzag et al. (1979) described a Type III CAT 
in E.parainfluenzae but there have been no reports of Types I or III 
CATs in E.influenzae.

Zaidenzag et al. (1980) previously described the protective effect 
observed of incubating the enzyme extract with DTNB in the presence of 
chloramphenicol, using acetylcoenzyme A to trigger the reaction as 
opposed to using a chloramphenicol trigger (as in Fig. 5c). Using 
several different sulphydryl compounds, these authors showed that in the 
presence of stoichometric amounts of the substrate, chloramphenicol, 
the Type II enzyme they studied was neither inactivated nor modified by 
the sulphydryl reagents whereas incubation with acetylcoenzyme A instead
of drug exerted no such protective effects. By seguencing parts of
different CAT enzymes, they established that while a cysteine residue at 
the active site,which was in or near the chloramphenicol binding site, 
was essential for the catalytic activity of both Types I and II CATs,
the cysteine in Type II enzymes was situated such that it was more
easily available for sulphydryl modification.

The order of activity observed for these isolates was 
characteristic of the Type II group of enzymes, being lower than values 
generally obtained from Types I and III (Zaidenzag et al., 1979). CAT 
activities were comparable with those obtained by Roberts et al. (1980)
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iII

; for nine strains of E.influenzae, Seven of these nine strains showedI
j activity between 0.28 and 0.9 units/mg protein in crude extracts whereas

the 42 isolates examined in this study had activities between 0.009 and
I 0.1 units/mg dry weight of cells. Taking into consideration the

difference in unit of mass used for expression of activity, the figures 
show reasonable agreement and both studies found no correlation between 
MIC of chloramphenicol and activity.

The CAT activities of cultures grown in the presence of 
chloramphenicol were in the range 40-190% of the activities of cultures 
grown in the absence of the drug. These differences exceeded the 
variation observed (±20%) when CAT activity was repeatedly measured in 
cultures grown in the absence of chloramphenicol, apparently suggesting 
that the drug did affect the level of detectable enzyme activity. 
Nonetheless, the effect of the drug was inconsistent, with activity 
increased in some strains, but reduced in others. Several factors may 
contribute to this variability. In particular, chloramphenicol is a 
protein synthesis inhibitor and may affect CAT synthesis. The results 
provide no evidence to suggest that CAT production is inducible in 
E.influenzae as with two isolates only did the activity of cells grown 
in the presence of chloramphenicol exceed that of cells grown in its 
absence by a factor of 1.5 or more.

The 10-fold range of CAT activity in extracts from different 
isolates was noteworthy, being far outside the assay-to-assay variation. 
Similar variation was noted by Roberts et al. (1980) who described a 12- 
fold range of CAT activity between the nine chloramphenicol-resistant 
E.influenzae studied. Shaw (1975) described inter-strain differences in
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the expression of CAT enzymes and suggested that this might be due to 
gene dosage effects, particularly if the enzyme was plasmid-encoded and 
the copy number varied. Moreover, variations in nutrient supply are 
known to affect CAT activity in E.coli. Although this species produces 
CAT constitutively, both cAMP and a catabolite activator protein are 
needed to maintain enzyme synthesis (de Crombrugghe et al., 1973). Such 
variables may apply for E.influenzae and may account not only for 
strain-to-strain variations but may also be relevant to the 
unpredictable effects of exposure to chloramphenicol on CAT activity.

Non-CAT-mediated resistance
Isolates with intrinsic resistance to chloramphenicol were not 

detected in the present study. Four isolates were described by Burns et 
al. (1985) with some suggestion that they might have reduced 
pathogenicity. Three of these four were isolated from the blood and 
sputum of a single patient at different times while the fourth was a 
sputum isolate from an immunodeficient paediatric patient. All four 
required >20 mg/1 chloramphenicol for inhibition. The two CAT-negative 
isolates described by Azemun et al. (1981) required >40 mg/1 
chloramphenicol for inhibition while the three reported by Doern et al. 
(1987a) and Jones and Thornsberry (1987) required concentrations of at 
least 8 mg/1. Unfortunately the source of these five later isolates was 
not reported. Therefore it seems unlikely that the degree of resistance 
shown by such isolates would have been missed on screening the UK 
collection with 10 ug chloramphenicol discs, even though the <20 mm 
breakpoint may be too small (see 5.1), suggesting that this mechanism of 
resistance is generally rare at the present time.
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Gene location
Several workers have reported the presence of single large plasmids 

of a similar size to those found in this study in chloramphenicol- 
resistant E.influenzae. Van Klingeren et al. (1977) reported a 38 x 106 
plasmid in a type b strain while those found by Roberts et al. (1980) in 
four type b and five non-capsulate strains ranged from 34 to 46 x 106. 
These plasmids, which additionally coded for tetracycline resistance and 
sometimes beta-lactamase production, were also present in
transconjugants but their detection was not always possible by a single 
method.

Extrachromosomal DNA was not detected in 37 of the 42 isolates 
examined. It has been suggested that this may reflect inadequate 
detection methods (Roberts and Smith, 1980). However, in the present 
study three different methods failed to demonstrate plasmids in eight 
isolates. Furthermore, in two of the plasmid-carrying isolates 
examined, plasmid loss was not accompanied by changes in resistance to 
chloramphenicol or any other drug tested. Therefore it seemed likely 
that the genes responsible for antimicrobial resistance were carried on 
the chromosome.

Evidence from other workers has indicated that integration of the 
CAT gene and other resistance determinants into the chromosome of 
E.influenzae is common. Mendelman et al. (1984b), using standard 
methods, failed to detect extrachromosomal DNA in a beta-lactamase- 
producing strain resistant to chloramphenicol and tetracycline and in 17 
of 27 (over 60%) of its multiresistant transconjugants. Hybridisation 
experiments showed that the resistance determinants were carried on the 
chromosomes of both the donor and the 27 transcon jugants examined as
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well as on a previously undetected plasmid present in the donor strain 
and in one of the transconjugants.

Stuy (1980) studied 25 apparently plasmid-free E.influenzae with 
varied antimicrobial resistance and suggested that the genes responsible 
were carried on the chromosome in at least 16 isolates because 
resistance was transferable to rec+ recipients only. Other species in 
this genus have also been found to harbour their CAT gene on the 
chromosome. Roberts, Actis and Crosa (1985) identified 34 MDa plasmids 
coding for the enzyme in Haemophilus ducreyi but a chromosomal location 
in the strains of Haemophilus parainfluenzae studied. Both species 
constitutively produced enzymes resembling Type II CATs.

This study of 42 clinical isolates of E.influenzae supported the 
view that resistance determinants were often integrated into the 
chromosome in this species. It was quite possible, however, that they 
were additionally carried on the plasmids visualised in five of these 
E.influenzae and that some isolates possessed undetected 
extrachromosomal DNA. Although the work of Mendelman et al. (1984), 
described above, would seem to indicate that dual carriage is a 
possibility, Roberts and Smith (1980) expressed concern that there may 
be frequent co-migration of chromosomal and extrachromosomal DNA in 
E.influenzae, whatever the method of plasmid extraction used* If true, 
then hybridization of probes with chromosomal bands might not indicate 
the true location of the R-determinant. However, hybridization of probe 
with both chromosomal and extrachromosomal bands is a phenomenon less 
easily dismissed unless a partial separation of bands on agarose gel 
electrophoresis is hypothesized.
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Additionally in favour of frequent chromosomal integration is the 
work of Jahn et al. (1979), already described in Chapter 1, which 
established that both the ampicillin (TEM-1) and chloramphenicol (CAT) 
sequences for antimicrobial resistance could be inserted within the 
potentially mobile tetracycline-resistance transposon. Evidence 
compatible with genetic linkage was obtained from examining the patterns 
of resistance among the 42 chloramphenicol-resistant E.influenzae. This 
established that all chloramphenicol-resistant isolates in the UK could 
be expected to be resistant to tetracycline and that one-third were 
likely to be beta-lactamase positive.

Reaction products of CATs from E.influenzae and E.coli
As shown in Figure and described by Shaw (1967) and Suzuki and 

Okamoto (1967), CAT activity may result in formation of both mono- and 
di-acetylated derivatives of chloramphenicol. Production of the latter 
is thought to follow an internal isomerisation step during which the 
first acetyl group to attach is transferred from the 3C to the 1C 
position so allowing the CAT to acetylate the 3C position a second time, 
producing 1,3 diacetylchloramphenicol (Shaw, 1983). Production of 
diacetylchloramphenicol has not been described in CATs produced by 
E.influenzae. However, reaction products of Type II CATs in other Gram- 
negative species have not been specifically documented in comparison 
with products of enzymes of biochemical Types I and III. Hence, the 
experiments described were designed to examine any correlation between 
biochemical type and production of mono- and di-esters, using Type II 
CATs ‘ from E.influenzae together with Types I, II and III CATs derived 
from E.coli control strains.
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The correlation between CAT activities measured in each extract as 
estimated either spectrophotometrically or from HPLC of reaction 
products was +40% for all but two of the preparations assayed but was 
not consistently improved by change of pH in either direction. In 
addition, the +22% variation in HPLC determined activities observed for 
each of these same extracts when assayed at different pH must enter into 
considerations of correlation between methods. The spectrophotometric 
assay was carried out at pH 8.0 but activities thus measured agreed 
better with values obtained by HPLC at pH 6.8 in four instances. 
Results from 5.1 showed a +20% variation in measured activity between 
extracts prepared from the same E.influenzae on different occasions. 
Hence the degree of agreement seen between methods is reasonably good 
except for the two E.influenzae CATs which acetylated the drug much more 
quickly at pH 7.8 than at 6.8 and so had markedly different activities 
as determined by HPLC.

Comparison of results obtained from the Type III CATs of E.coli 
50022 and 11186 with those of Lovering et al. (1986) for E.coli 11186 
highlighted two major differences. Firstly, although the monoacetylated 
derivative of chloramphenicol was detected within 10 minutes in both 
studies, complete conversion of chloramphenicol to the monoacetylated 
form within 30 minutes and appearance of the diacetyl product from 
30 minutes onwards described by Lovering et al. (1986) contrasted with 
production of diester within 30 minutes in this study. Secondly, 
diacetylchloramphenicol formation by the Type I and both Type III CATs 
was detected at pH 6.8 and 7.8 whereas Lovering et al. (1986), in 
agreement with the previous observations of Thibault et al. (1980) from 
thin-layer chromatographic separations, reported that the diester was
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produced at pH 7.8 only. In both HPLC studies, the 3-acetylated and 1- 
acetylated monoesters were not differentiated among reaction products, 
suggesting that either these molecules cannot be separated by HPLC or 
that, once formed, the 1-monoester is very rapidly converted to 
diacetyl.

Peak concentrations of the diester occurred considerably later at
pH 6.8 than at pH 7.8. Shaw (1983) pointed out that the eguilibrium 
constant for the re-arrangement of the acetyl monoesters of
chloramphenicol was higher at pH 7.8 than at pH 7.0 but that the extent 
of variation among CAT types in the rate of formation of the diester 
from l-monoacetyl chloramphenicol was not clear. Also, that experiments 
designed to measure the rate of formation of the diester would have to 
take into account the contributions from three rate constants of which
two (the first and second acetylation steps) are enzymic but not
normally rate-determining. Since there was little or no variation in 
measured activities of the Types I and III CATs with pH, it seemed 
likely that later formation of diacetyl under more acid conditions 
reflected a slower production of the 1-monoacetylated molecule at pH 6.8 
than at pH 7.8.

Using thin-layer chromatography for separation of reaction products 
of a Type I CAT, Thibault et al, (1980) reported that at pH 6.0 both 1- 
and 3-monoacetylated molecules were very stable with little 
interconversion between the two. Although CAT activity at this pH was 
only 60% of that measured at pH 7.8, the enzyme efficiently produced 
diester under acidic conditions if provided with 1-monoester as 
substrate. If either chloramphenicol or the 3-monoester was used as 
substrate, no l-monoacetyl and no 1,3-diacetylated drug was identifiable
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among reaction products. These authors concluded that failure to 
produce diester was due to lack of isomerisation of 3-monoacetyl to 1- 
monoacetyl and that the CAT studied was highly specific in its 
acetylation at the 3-carbon position.

By extending the reaction period it was possible to detect decay of 
the monoacetylated molecule, even during experiments in which no 
diacetylchloramphenicol was produced, with concurrent increases in 
amounts of free drug detected. Similarly, some decrease in 
concentrations of the diacetylated derivative, accompanied by slowing of 
the rate of disappearance of the monoester, was noted from 5 h onwards. 
Concentrations of both acetylated derivatives decreased more quickly at 
pH 7.8 than at pH 6.8.

Observations of the decay of manufactured diacetyl in buffers at 
both pH values confirmed greater instability at pH 7.8. Monoacetylated 
and free chloramphenicol were detectable in less than 1 h at 37°C.
However, the decrease in diacetyl concentration observed during assays 
could be due to both instability of the molecule and also failure of the 
CAT present in the mixture to re-acetylate any monoacetylchloramphenicol 
formed. This apparent failure could be due to decay of diacetyl to the 
3-monoester rather than the 1-monoester configuration or to loss of 
activity with time of either the CAT and/or the PTA-driven
acetylcoenzyme A generation system. However, it is of note that at the 
time diacetyl concentrations began to fall, CATs derived from 
H.influenzae and E.coli 50128 were able to maintain monoacetyl
concentrations suggesting that these Type II enzymes and the PTA in the 
generating system were still active. Therefore it appears that either
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activities of the Types I and III CATs were not maintained for such 
prolonged periods or secondly that the monoester formed was 
predominantly in the 3-acetyl configuration or thirdly that the decay of 
diacetyl was entirely due to its instability. This latter explanation 
is supported by the much faster onset of decrease in concentration at 
pH 7.8 following the first appearance of diacetylated drug in the 
mixture.

Several factors may be contributing to the differences between 
studies in the measured rate of production of the diacetylated 
derivative. The activity of the Type III CAT from E.coli 11186, 
measured by the method described in 2.5.4, was more than twice that of 
the enzyme produced by E.coli 50022 under the same conditions of assay. 
Moreover, this study employed similar reaction conditions to those of 
Lovering et al. except that, at the commencement of the reaction, these 
other workers provided cofactor at 28 mM whereas the maximum 
concentration of coenzyme A available for acetylation in the generating 
system described was one-hundredth of this at 0.28 mM.

The concentration of PTA used in this study was more than lOx 
higher than that found to be satisfactory by Breeze and Simpson. In the 
presence of twice the concentration of coenzyme A and three times that 
of acetylphosphate used by these authors, the activity of PTA in the 
mixture clearly resulted in satisfactory production of acetylcoenzyme A 
at both pH values and it may well be that a much lower concentration of 
enzyme would have sufficed. A four-fold increase in the amount of 
enzyme present did not increase activity of the Type I CAT studied 
although the concentration of monoester reached its peak and commenced 
its decline earlier at pH 7.8 and later at pH 6.8 than previously
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recorded. More dramatic was the effect of this change in reaction 
conditions on production of diacetylated drug which was not detected 
even at 50 h. There is no obvious explanation for this or for the 
smaller changes in time intervals noted above.

In conclusion, analysis of the reaction products of CATs of 
different biochemical types showed that Type II enzymes were not able to 
catalyse addition of a second acetyl group to monoacetylchloramphenicol. 
Types I and III enzymes produced the diester at both pH 6.8 and pH 7.8 
under the reaction conditions described but peak concentrations were 
reached more slowly at the lower pH value. The two isomers of the 
monoacetylated derivative could not be identified separately by HPLC. 
The total amounts of monoester and diester concentration present in the 
mixture both decreased more quickly at pH 7.8 even though results 
indicated that the cofactor generating system was functioning 
efficiently at these times. Observations of pH-dependent decay of 
manufactured diacetyl suggested that the decreases seen were due to a 
greater inherent instability of both acetylated forms of the molecules 
under the more alkaline conditions. There appears to be considerable 
similarity between CATs produced by chloramphenicol-resistant 
E.influenzae and the Type II enzymes of the enterobacteria.
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CHAPTER 6 
RESISTANCE TO TRIMETHOPRIM
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6.1 Plasmid profiles
Eighteen H.influenzae considered resistant to trimethoprim by both 

zone diameter and MIC criteria (<20 mm and £2 mg/1) were examined. All 
three methods of plasmid extraction resulted in gels in which 
extrachromosomal DNA of E.coli 116 and H.influenzae 3299 were clearly
visible on uv transillumination. However, none of the wild-type
trimethoprim-resistant H.influenzae isolates were found to contain
extrachromosomal DNA when examined on more than one occasion by each
method.

6.2 Selection of resistant mutants and transfer of trimethoprim
resistance

Selection of trimethoprim-resistant mutants
The highest trimethoprim concentration in broth at which viable 

offspring of the trimethoprim-sensitive R1 were recovered was 32 mg/1. 
The 12 colonies recovered (TRl^.-i^) were subcultured separately from the 
spread plates (total volume plated = 1 ml). No zones of inhibition were 
detectable around 1.25 ug trimethoprim discs and MICs of trimethoprim 
ranged from 8-32 mg/1 confirming that each culture was resistant. TR18 
and TRl^i (see Table 6.2.(i)) were selected for assay of DHFR activity 
and for determination of ability to transfer resistance.

Transformation
DNA lysates derived from wild-type isolates (1448 and 1593) and 

selected resistant mutants of R1 (TRlg and TR111) transformed Rd to 
trimethoprim resistance at a frequency of the order of 10-6. The 
frequency of spontaneous mutation to resistance of Rd was <10-9. No 
viable cells were recovered from enrichment cultures of donor lysates.
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Table 6.2.(i) Biotypes and susceptibility to trimethoprim of Rl, Rd, 
resistant donors and transformants

Zone diameter (mm) MIC
around 1.25 ug trimethoprim

H.influenzae* Biotype trimethoprim disc (mg/1)
Rd IV 23 0.25
1448 I NZ £128
1448(a-h) IV NZ £128
1593 III NZ 64
1593(a—h) IV NZ £128
Rl II 28 0.06
TRle II NZ 16
^R ^8a-c IV NZ 16
TR18d-h IV NZ 32
TR l n II NZ 16
TR1lla/b IV NZ 16
TR1llc-h IV NZ 32

* a-h denote transformants



Eight colonies were selected at random from each mating, cultured 
separately on chocolate agar and given the identification suffixes a to 
h. Biotypes, zone diameters around 1.25 ug discs and MICs of 
trimethoprim of these transformants are compared with donor parents and 
Rd in Table 6.2.(i). All putative transformants were confirmed to be 
resistant to trimethoprim and to be of the biotype of Rd, not of the 
donor parents.

Filter-paper matings
In contrast, cell to cell transference of resistance using RISa as 

recipient was unsuccessful after two attempts at each donor-recipient 
cross. The spontaneous freguency of mutation of RISa to trimethoprim 
resistance was confirmed to be <10-9 as were the frequencies of mutation 
among the donors to streptomycin resistance.

6.3 Characterization of dihvdrofolate reductases 
Enzyme activity

DHFR activities of wild-type isolates studied are listed in 
Table 6.3.(i). Background activity in these crude preparations ranged 
from 0.38-0.83 u/mg with a mean of 0.52 u/mg. Assay:assay variation was 
at most +15% while preparation:preparation differences were less than 
±20%.

Extracts fell into two groups according to order of observed 
activity. The trimethoprim-susceptible control Rl and resistant 
isolates 437, 865, 1189 and 1649 gave rise to extracts in which DHFR
activities resembled background, falling into a range between 0.36 and 
0.95 u/mg. One of these was resistant to trimethoprim only, two were
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Table 6.3.(i) DHFR activities compared with background for wild-type
trimethoprim-susceptible and resistant isolates

H.influenzae (prep) Activity u/mg Background u/mg
Rl (Trimethoprim susceptible) 0.84 0.41
437 ) Preparation 1 0.84 0.83

) 0.76
) Preparation 2 0.53 0.81
) 0.87

865 0.36 0.46
1189 0.50 0.40
1649 0.95 0.63

76 1.60 0.45
109 3.00 0.82
189 3.20 0.40
516 3.25 0.38
1448 ) Same preparation 2.50 0.43

) 1.75
1463 Preparation 1 4.00 0.50

Preparation 2 3.25 0.45
1593 Preparation 1 4.6 0.49

Preparation 2 4.9 0.41

Table 6.3.(ii) DHFR activities (background subtracted) for 
transformants compared with parents, Rd and E.coli 
control

Source of DHFR Activity u/mg
Rd 0.38
TR18 1.60
TRl8e 1.75
T R l n 3.9
TRllle 2.2
1448a 2.0
1593a 2.8

E.coli type la DHFR 19.60
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additionally resistant to sulphamethoxazole (one showed intrinsic 
resistance to ampicillin), and the fourth additionally produced beta- 
lactamase. In contrast, the remaining seven resistant isolates showed 
activities which were at least 3x the average and 1.8x the highest 
background activity. Four of these seven were resistant to 
chloramphenicol, tetracycline and sulphamethoxazole and two were 
resistant to sulphamethoxazole.

Induction of activity
Two isolates, 437 with undetectable activity and 1448 with activity 

in the middle of the observed range, were examined for any induction of 
DHFR activity following broth culture in the presence of 2 mg/1 
trimethoprim. Activities measured in resulting extracts were within the 
preparation:preparation variation of +20% suggesting that no induction 
of enzyme production had occurred. Culture of Rl in the same way 
resulted in no recovery of viable organisms indicating that there was no 
significant antagonism of the activity of the drug in the broth medium.

Enzyme activity in selected mutants and transformants
DHFR activities (background subtracted) of mutants and 

transformants are compared with parents and Rd in Table 6.3.(ii). The 
selected mutants TRlg and TR111 showed activity which was more than 3x 
average background activity and more than 2x that of the parent Rl. 
Activity measured in the extract of T R l ^  was much greater than that for 
TRlg, although MICs of trimethoprim were the same for these two mutants. 
Following transformation of resistance into Rd, offspring TRl8e showed 
DHFR activity similar to that of the parent but activity of TRllle was 
much less than that of its parent TRl^.
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Offspring of transformation with DNA from wild-type resistant 
isolates showed activity that was at least 5x that of the trimethoprim- 
sensitive parent Rd. While 1448a resembled 1448 in activity, the value 
for the offspring 1593a was much less than that of the parent isolate.

The Type la DHFR from the E.coli control strain showed very high 
activity in comparison with H.influenzae-derived enzymes. At 19.6 u/mg, 
activity was four times greater than the highest value obtained from any 
other extract.

Inhibition of DHFRs following incubation with trimethoprim
Variation in activity of 516 when incubated with NADPH before 

triggering the reaction by addition of dihydrofolate was within the 
assay:assay variation of +15%. Enzymes derived from the four 
H.influenzae shown in Table 6.3.(iii) varied in the amount of activity 
that remained following incubation with NADPH and 10“8 M trimethoprim. 
Three enzymes retained between 40 and 60% of activity while the fourth 
appeared to be more sensitive to the inhibitory effect of the drug.

In contrast, activity of the Type la enzyme was unaffected by 
10-8 M trimethoprim and 50% inhibition of activity reguired 10-4 M of 
the antimicrobial.

Heat sensitivity
Activities of three DHFRs from H.influenzae following 10 min at 

45°C are compared with the Type la enzyme in Table 6.3.(iv). All four 
enzymes retained less than 20% of activity. Two E.influenzae-derived 
enzymes showed no detectable activity over previously estimated 
background following heating. Background activity in the extract from
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Table 6.3.(iii) Inhibition of 
trimethoprim

DHFRs following incubation with

Source of DHFR
Trimethoprim 
concentration (M)

Activity (u/mg)
(background
subtracted)

% of DHFR
activity
remaining

516 10‘8 0.14 4
10-9 0.50 15

1448 i—* o 1 00 1.00 40
1593 10"8 2.10 57
TR1lle 10"8 1.00 55
£.coIi(type la) 001oH 19.00 97

ioi—i 10.50 54

Table 6.3.(iv) 

Source of DHFR

Effect of heatincr at 45°C for 10 
fbackcrround subtracted)

Activity post-heat (u/mg)

min on DHFR activity 

% of DHFR
activity remaining

F.coli(Type la) 3.5 18
T R l n 0.5 13
1448 None detected* Nil
1593 None detected* Nil

* i.e. activity remaining was within +20% of previously measured 
background activity. (Background activity was not significantly 
different following heating).
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H.influenzae 1448 did not change by more than the assay:assay variation 
of +20% during 10 min at 45°C.

PAGE separation of DHFRs
The H.influenzae examined each produced a band in the gel stained 

in the presence of dihydrofolic acid which migrated to about the same 
position. With the exception of Rl, which produced a barely visible 
band, the density of this major band was approximately equal for Rd and 
the resistant isolates. Rd and all the resistant transformants produced 
an additional band further down the gel which was not seen in the wild- 
type resistant isolates nor in Rl and its resistant mutant TRl^. The 
Type la DHFR-producing E.coli produced several bands, one at about the 
same position as the major band of the H.influenzae and one much further 
down the gel which stained deeply (Plate VII).

The control gel (Plate VIII) indicated that the deeply-staining and 
the less dense bands produced by the E.coli extract produced little or 
no oxidation of NADPH in the absence of substrate. This suggested that 
the fast migrating band which was not visible on the control gel 
probably corresponded to the transposon-encoded enzyme while the 
faintly-stained band, roughly corresponding to the major H.influenzae 
bands in position, was probably produced by the chromosomal enzyme which 
had co-migrated with other oxidoreductases.

The wild-type resistant H.influenzae and the Rl mutant TRln  
produced far fainter bands on the control gel suggesting that the major 
bands produced in the presence of substrate probably corresponded to the 
site of DHFR activity but that non-specific oxido-reductase enzymes had 
also migrated to this position. One resistant H.influenzae (1593)
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differed from other wild-type isolates in producing two major bands but 
these were not clearly reduced in intensity on the control gel.

Rd and its resistant transformants were identical in pattern on the 
control gel but banding differed from that on the test gel by showing a 
splitting of the faster-migrating band. No reduction in density of 
staining of these bands was apparent on comparing the two gels 
suggesting that DHFR had co-migrated with other oxido-reductases.

6.4 Discussion of results and conclusions 
Location of the gene determining resistance

The observation that none of the wild-type resistant H.influenzae 
possessed extrachromosomal DNA that could be detected by any of three 
different methods of plasmid extraction suggested that the genes 
encoding resistance were situated in the chromosome. Early 
trimethoprim-resistant enterobacteria investigated appeared to produce 
plasmid-encoded alternative DHFRs with very low affinity for 
trimethoprim (Amyes, 1989} but enzyme levels were not always directly 
related to plasmid copy number (Smith et al.f 1982). The very common 
Type la enzyme was shown to be located on a transposon (Tn7) which could 
move between plasmids (Barth et al., 1976) and was later found to 
frequently migrate into the bacterial chromosome (Young and Amyes, 
1983).

However, de Groot et al. (1988) have suggested that resistance in
H.influenzae is not due to a chromosomally-located gene encoding an 
alternative DHFR but to massive overproduction of normal enzyme (see 
Chapter 1). Overproduction of slightly altered chromosomal enzyme 
producing drug resistance has been described in E.coli. Tennhammar-
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Ekman and Skold (1979) identified a trimethoprim-resistant plasmid-free 
strain which produced 200x the amount of DHFR present in sensitive 
E.coli. This DHFR was more resistant to inhibitory analogues than the 
normal chromosomal enzyme. Flensburg and Skold (1987) examined a 
similar strain in which the overproduced enzyme differed from the normal 
DHFR in nine amino acids, was more efficiently transcripted and 
translated due to changes in the Shine-Delgarno sequence and was 
inducible (x6) at a trimethoprim concentration of 100 mg/1. 
Overproduction of normal chromosomal enzyme which, presumably, might 
produce drug resistance by swamping trimethoprim at all but very high 
concentrations, has not been implicated as a mechanism of resistance in 
species other than H.influenzae.

Although Rotimi and Turk (1981) found that conjugative transfer of 
resistance to ampicillin, chloramphenicol, tetracycline, trimethoprim 
and sulphamethoxazole from H.influenzae correlated with acquisition of a 
62 x 106 plasmid by H.influenzae and E.coli recipients, Stuy (1980) and 
Campos et al. (1989) concluded that the genes encoding trimethoprim 
resistance appeared to be located on the chromosome. Whether these 
findings represent integration of transposon-encoded enzyme or 
overproduction of normal or slightly altered chromosomal enzyme is 
considered below.

Selection of drug-resistant mutants
Mutational resistance to trimethoprim did not occur when 109 cells 

of either RISa or Rd were plated on trimethoprim-containing agar but 
stably-resistant mutants were selected following long-term exposure to 
increasing concentrations of trimethoprim in broth. However, later
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experiments which attempted to induce higher levels of DHFR activity in 
resistant wild-type isolates resulted in extracts similar in activity to 
the original cultures. These findings suggested that trimethoprim 
resistance was not the result of an ability to increase DHFR production 
temporarily on exposure to the drug but appeared to be due to permanent 
production of high levels of enzyme by wild-types and mutants.

Both resistant wild-type and mutant E.influenzae were able to pass 
on their resistance by transformation of Rd at similar frequencies. 
Offspring showed considerably raised DHFR activity when compared with Rd 
suggesting that any resistance-associated sequences transferred must 
carry codes promoting transcription and/or translation of the DHFR gene 
as previously described in E.coli by Flensburg and Skold (1987). Cell 
to cell transfer of resistance did not occur, thus supporting a 
chromosomal location for the resistance-encoding sequence which was not 
associated with integration of a conjugative R-factor-bearing plasmid.

DHFR activity
Measurement and expression of DHFR activities encountered two 

problems. Firstly, the amount of background activity in the crude 
extracts meant that activity in the trimethoprim-sensitive Rl and Rd 
could not be differentiated from activity of some resistant 
E.influenzae-derived preparations. However, the results of Hillcoat et 
al. (1967) suggested that at the pH used, decomposition of dihydrofolate 
was negligible and spontaneous decomposition of NADPH was minimal. 
Hence, the rate of decrease in absorbance measured was undoubtedly due 
to oxidation of NADPH by DHFR and other oxidoreductases, while any 
extraneous folate and/or NADPH in the enzyme extract was compensated for
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by addition of extract to both cuvettes when measuring activity and 
background activity.

Secondly, although Hillcoat et al. (1967) published an extinction 
coefficient for the enzyme at 340 nm, there is a considerable molar 
absorbancy difference between di- and tetra-hydrofolate at this 
wavelength. Therefore, many different methods of expressing activity 
have been used besides that of Osborn and Huennekens (1958). For 
example, Baccanari and Joyner (1981), and Smith et al. (1982), although
recognising that non-enzymic changes in 340 nm absorbance were common,
defined 1 unit as the amount of enzyme required to reduce 1 umol of 
dihydrofolate/min based on the molar extinction coefficient of Hillcoat
et al. De Groot et al. (1988) used l,000x the concentrations of NADPH
and dihydrofolate commonly used (0.1 M compared with 0.1 mM) and 
expressed activity as change in absorbance/min/mg protein in crude 
extract after centrifugation (R. de Groot, personal communication). 
Therefore, comparison of published activities is not straightforward.

Nevertheless, among extracts assayed in this study, two groups 
emerged. Those with no discernible activity over background were 
predominantly resistant only to trimethoprim or to both anti-folate 
agents whereas those with considerably higher activity were 
predominantly multi-resistant (4/7). High activity was also observed in 
extracts derived from mutants of Rl and resistant offspring following 
transformation of Rd. This distinction raised the possibility that the 
mechanism of resistance might be different between these groups.

Resistant isolates with no detectable activity over background 
might produced a chromosomal enzyme far less sensitive to trimethoprim
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than normal such that only low levels of production were required to 
mediate drug resistance. In favour of this is the observation that DHFR 
activity did not correlate with MIC of trimethoprim. Recognition that 
some of the high activity wild-type isolates examined in this study were 
multi-resistant raised the possibility that these might produce a 
transposon-encoded alternative DHFR. However, the results of enzyme 
characterisation experiments suggested that this latter hypothesis was 
not correct (see below).

DHFR activities in extracts derived from resistant transformants 
were generally not as high as those of parents but were all at least 4x 
that of the recipient Rd. Transfer of the resistant phenotype thus 
correlated with a considerable increase in production of DHFR. However, 
none of the H .influenzae examined showed DHFR activity anywhere near 
that of the Tn7-containing E.coli control.

Inhibition by trimethoprim
Osborn and Huennekens (1958) noted that their enzyme-triggered 

reactions were satisfactorily linear as has been found in this study. 
De Groot et al. (1988) used a 3 min incubation period of enzyme with 
NADPH before adding dihydrofolate both in straightforward and 
trimethoprim-inhibition assays. In 1981, Baccanari and Joyner, studying 
purified DHFR (type unstated) from E.coli, reported that incubation of 
enzyme with NADPH before triggering the reaction by addition of the 
substrate resulted in a slow initial velocity which increased up to 
two-fold during the observation period. Early velocity was non-linear, 
requiring 10-15 min reaction time to reach a steady state but NADPH- 
initiated reactions were linear at all concentrations tested.
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Incubation of enzyme and NADPH in the presence of trimethoprim, before 
dilution and then assay with dihydrofolic acid trigger, resulted in a 
steady reaction velocity in 4-5 s. These authors concluded that the 
enzyme under scrutiny was hysteretic (i.e. responded slowly to a rapid 
change in ligand concentration), that trimethoprim produced hysteresis 
in both enzyme and NADPH-started reactions, and that assays under these 
conditions produced linear tracings but higher velocities than 
comparable substrate-triggered reactions.

The lack of effect on observed activity that resulted from 
incubation of a crude extract from H.influenzae 516 with NADPH, before 
substrate trigger, suggested that the inhibition of activity seen when 
trimethoprim was included in the incubation mixture was due to the 
antimicrobial and not to any difference resulting from a change of assay 
conditions. In contrast with the Type la enzyme, for which the 50% 
inhibition concentration of trimethoprim was 10~4 M,in close agreement 
with previous workers (Huovinen, 1987), the wild-type H.influenzae and 
the transformant of the mutant T R l ^  examined showed approximately 50% 
loss of activity at <10“® M trimethoprim. This latter figure is similar 
to that of de Groot et al. (1988) for H.influenzae-derived enzymes and 
that of Broad and Smith (1982) for the normal chromosomal enzyme of 
E.coli K12.

Heat inactivation
In agreement with observations of other workers (Amyes, 1986; 

Huovinen, 1987) the Type la enzyme lost more than half its activity 
following incubation for 10 min at 45°C. Skold and Widh (1974) and 
Broad and Smith (1982) have reported that the trimethoprim-susceptible
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chromosomal E.coli enzyme retains more than 50% activity even after 
20 min under these conditions. Extracts derived from two wild-type 
E.influenzae isolates appeared to contain DHFR that was heat-
susceptible. Background activity was not significantly affected by
heating so that activity retained was expressed as a percentage of 
original activity. Some DHFR activity over background was still 
detectable in TRl ^  but the percentage of original activity that 
remained was similar to that of the wild-type isolates.

Therefore, although DHFRs in wild-type resistant H.influenzae and 
resistant mutants resembled the E.coli normal chromosomal enzyme in 
susceptibility to trimethoprim, they were far more susceptible to heat 
inactivation. These observations suggested that resistance to
trimethoprim in clinical isolates and in selected mutants was not due to
production of an enzyme with reduced affinity for the drug and that 
there were differences between chromosome-encoded DHFRs among Gram- 
negative organisms.

PAGE separation
Results of PAGE separation of DHFRs showed a clear difference 

between the Type la-producing E.coli and the E.influenzae extracts in 
production of a very dense, fast-migrating band by the former which
disappeared completely when the gel was stained in the absence of
substrate. The decrease in intensity on the control gel of the single
band produced by each wild-type resistant isolate (with the exception of 
1593 which showed a split band at this position) suggested that this was 
the site of migration of both DHFR and other oxidoreductases.
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Differences in density of patterns for Rd and transformants between gels 
was insufficient for indication of the site of DHFR activity.

Nevertheless, the lack of any major differences among wild-type 
strains of different activity and resistance patterns were against 
production of a trimethoprim-resistant alternative DHFR, even though 
1593 was not identical to the others studied. The faint band produced 
by Rl in comparison with the corresponding band of T R l ^  suggested that 
the difference between the two was one of amount of enzyme produced. 
The possibility that a trimethoprim-insusceptible enzyme was being 
manufactured by the mutant that was too similar to the normal 
chromosomal DHFR for differential migration was made unlikely by results 
of drug inhibition studies. The lack of difference in intensity of 
staining between R d , and its transformants on either gel made it 
impossible to locate DHFR activity and hence to assess any difference in 
amount of enzyme produced by transformants in comparison with the 
parent.

Summary
In conclusion, resistance to trimethoprim was selected for in vitro 

by long term exposure to the drug and was associated with production of 
high levels of DHFR comparable with activity in some wild-type resistant 
isolates. These enzymes were, however, still very susceptible to 
inhibition by trimethoprim suggesting that a change was present in the 
genome resulting in promotion of transcription and/or translation of the 
DHFR gene. Such overproduction of the normal chromosomal enzyme would 
be expected- to swamp all but the highest concentrations of inhibitor. 
Occurrence of this phenomenon in vivo could be expected to result in a
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correlation between the prevalence of resistance in the species and the 
prescription of trimethoprim not administered in conjunction with 
sulphamethoxazole.

Failure to demonstrate high levels of DHFR activity in a proportion 
of resistant isolates might be an indication that enzymes produced by 
some of these H.influenzae were not as susceptible to trimethoprim as 
the normal chromosomal DHFR. Hence, drug resistance in this group would 
not require production of large amounts of enzyme. This could not be 
investigated due to the approximation of activity to background. There 
was no evidence to suggest that the transposon-encoded DHFRs which are 
common among enterobacteria have spread to Haemophilus influenzae.
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CHAPTER 7 
THERAPEUTIC IMPLICATIONS
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7.1 Factors influencing choice of therapy in E.influenzae 
infections

Type of infection
The scope of infections produced by H.influenzae has been outlined

in Chapter 1. The most common invasive infection encountered is
meningitis. These life-threatening infections, predominantly due to
type b isolates, require rapid laboratory confirmation of the causative
organism and early determination of susceptibility to antimicrobial
agents. Agents included in the first-line range tested will depend on
local practice and prevalence of resistance but will be those known to
have cidal activity and which will produce satisfactory drug levels in
the CSF.

In contrast, the most common non-invasive infections are those 
associated with the respiratory tract which are predominantly due to 
non-capsulate organisms. These infections are often treated without 
microbiological confirmation of the species involved or its 
susceptibility to antimicrobials. Because of the benign self-limiting 
nature of these infections, agents used in treatment are those which can 
be administered orally and which produce few side effects.

Diagnostic criteria
The marginal susceptibility of E.influenzae to benzylpenicillin and 

the differences in prevalence of resistance between type b and non- 
capsulate isolates, described in Chapter 3, have promoted use of rapid 
diagnostic methods to differentiate between Neisseria meningitidis, 
Streptococcus pneumoniae and E.influenzae type b in cases of meningitis. 
In the absence of a positive Gram film, latex agglutination and CIE 
antigen detection tests may be applied but are unreliable when antigen
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levels are low. Because of differences in antimicrobial resistance, 
rapid identification of the species and confirmation of the presence of 
a type b polysaccharide capsule by slide agglutination once the organism 
has grown will also influence choice of therapy. Non-capsulates 
uncommonly cause meningitis but would be missed by current antigen 
detection kits. Immediate treatment of meningitis with agent(s) likely 
to cover H.influenzae according to prevalence of resistance in the area 
is especially important in children under two years and is justifiable 
initially at any age if the Gram stain is not helpful. Epiglottitis 
should always be treated in accordance with the known local prevalence 
of resistance in type b organisms.

Data presented in Chapter 3 demonstrated that other Haemophilus 
sp., Neisseria sp. and Branhamella catarrhalis/ which uncommonly cause 
invasive or non-invasive disease, are frequently misidentified as 
H.influenzae in routine clinical laboratories particularly due to 
problems inherent in disc-satellitism testing. Misidentification of 
species may result in use of inappropriate therapy while awaiting 
susceptibility testing results but this is most likely to occur among 
organisms in sputa from patients with non-invasive infections. Failure 
to detect encapsulation may also result in use of inactive agents for 
all types of infection because of the differences between type b and 
non-capsulates, particularly with regard to production of beta- 
lactamase.

Detection of resistance
The weaknesses disclosed in susceptibility testing methods have 

been discussed in Chapters 4 and 5. The most important implications
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arise from failure to detect resistance to ampicillin and 
chloramphenicol since these results will strongly influence therapy for 
invasive disease. Analysis of the data suggested that detection of 
beta-lactamase production was still a problem in some laboratories with 
9% of beta-lactamase positive organisms reported as ampicillin- 
susceptible by UK participants in the 1986 survey. Since 25% of CSF 
isolates produce beta-lactamase, many cases of E.influenzae meningitis 
could possibly be treated unsatisfactorily in this country. Figures 
reported in Chapter 4 suggested that the method used was not the crucial 
factor in successful detection of enzyme. Use of a fresh, heavy 
inoculum of organisms is probably far more important in testing.

Detection of non-lactamase-mediated resistance to ampicillin causes 
far more problems in routine laboratories but may have less serious 
impact because invasive disease due to these organisms appears to be 
extremely uncommon at present. Any increase in the prevalence of this 
mechanism of resistance among isolates from invasive infections could 
result in failure of patients to respond to ampicillin or one of the 
injectable beta-lactamase-stable beta-lactarns. Although E.influenzae 
with this type of resistance account for about 8% of respiratory tract 
isolates in the UK, therapeutic failures when treating such infections 
with ampicillin or one of the orally-administered beta-lactams have not 
yet been clearly documented. Further clinical evaluation of the 
importance of such resistance is required.

Nearly half (44%) of the CAT-producing chloramphenicol-resistant 
isolates• detected at LHMC had been reported as susceptible to the drug 
by the sending laboratory. Failure to detect resistance may have
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serious consequences in countries such as the UK where the prevalence of 
resistant organisms is still so low (<2% overall) that chloramphenicol 
is relied upon for "blind" therapy of invasive infections presumed to be 
due to 1y.influenzae. Widespread introduction of the rapid tube method 
for CAT-detection may be a possible solution but, as pointed out in 
Chapter 5, must be supplemented by disc-testing so as not to miss the 
rare CAT-negative chloramphenicol-resistant organisms. Results of 
detection of CAT-mediated resistance by zone diameter at LHMC suggested 
that the resistance breakpoint using UK survey methods should be ^26 mm 
around a 10 ug chloramphenicol disc. More experience with CAT-negative 
organisms is needed to establish whether or not this breakpoint would 
detect intrinsic resistance.

Adoption of a highly active cephalosporin, such as cefotaxime or 
ceftriaxone, as first line agent would circumvent problems in detecting 
resistance to chloramphenicol and beta-lactamase production. Any 
increase in MICs of these agents for isolates with non-lactamase- 
mediated resistance would be unlikely to be so great as to effect their 
therapeutic efficacy (Chapter 4.2 and 7.2).

Pharmacokinetic considerations
Whatever the in vitro susceptibility and recommended breakpoints 

for determination of resistance, translation of the static and cidal 
antibacterial activity of an agent to clinical situations must be 
related to pharmacokinetic and clinical data. Even so, prediction of 
therapeutic failure or success from these parameters is not without its 
pitfalls. Much attention has been paid to penetration of the CSF but 
limited data is available on penetration of agents to other body
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compartments, particularly the middle ear and sinus cavities, where 
E.influenzae may be the sole infecting agent.

Clearly the treatment of invasive infections requires adequate 
blood levels accompanied by satisfactory penetration of drugs into CSF, 
joint fluid or tissues as appropriate. Difficulties arise when the 
ability of a drug to cross the blood-brain barrier changes with blood 
supply in the presence or absence of inflammation. Clinically, however, 
recrudescences of H.influenzae meningitis which have been appropriately 
treated with beta-lactams or chloramphenicol do not seem to be a problem 
suggesting that resolution of inflammation is commonly preceded by 
"sterilisation" of the CSF.

The interpretation of sputum and lung tissue levels of drugs is 
more difficult. For example, clinical practice is still influenced by 
data published in the UK during the 1960s and 1970s which indicated that 
sputum penetration by ampicillin varied with purulence. Levels could 
not be correlated with serum drug concentrations and increasing the 
administered dose failed to increase sputum concentrations once a 
plateau had been reached. In addition, it is now well recognised that 
the presence in the respiratory tract of other beta-lactamase-producing 
and/or trimethoprim-resistant species (particularly Branhamella 
catarrhalis) may have a major effect on therapeutic outcome.

The relationship of MIC data to drug levels and the resulting 
recommendations for dosage and breakpoints of susceptibility are fraught 
with potential problems. As with all antimicrobials, these parameters 
are 'best-guess' guidelines based on in vitro data and experience gained 
during clinical trials. In particular the application of breakpoints
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derived from in vitro and in vivo data specific to enterobacteria may 
not be appropriate for H.influenzae. Further clinical evaluation of the 
more recently introduced beta-lactams against H.influenzae is needed in 
order to assess the predictive value of the in vitro data which has been 
accumulated and the clinical significance of the reduced susceptibility 
to these > agents shown by organisms with non-lactamase-mediated 
resistance to ampicillin.

Clinical outcome
Assessment of clinical response to therapy is relatively 

straightforward in cases of meningitis. Rapid resolution of signs and 
symptoms and lack of neurological sequelae are reliable indicators of 
efficacy of an agent. However, respiratory tract infections which are 
often self-limiting and which are frequently treated without clear 
indication that H.influenzae is the sole or predominant pathogenic 
species are more difficult to evaluate. The most carefully-designed 
clinical trials cannot produce unequivocal evidence of efficacy of an 
antimicrobial agent in these infections. In such situations, the 
frequency of occurrence of treatment failures may be an important guide 
to the clinical usefulness of an agent at a particular dosage. Indeed 
it was evaluation of persistent infections which led Cole and Roberts 
(1983) to suggest that the optimum dosage of oral amoxycillin in 
exacerbations of COAD should be 3 g b.d. rather than 500 mg t.d.s.

The in vivo activity of antimicrobial agents against H.influenzae
Some of the available in vivo data ' regarding the antimicrobial 

agents evaluated in Chapters 3 to 6 are discussed in the following 
sections. This information is related to the inherent activity of these
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drugs against H.influenzae and the prevalence and mechanisms of 
resistance to them that have been identified in this species. The 
usefulness of each agent in treatment of invasive and non-invasive 
infections is assessed and clinical trials supporting these views are 
discussed.

7.2 Beta-lactams 
Ampicillin-amoxvcillin 
Invasive infections

The appearance of beta-lactamase-producing H.influenzae, once 
recognised, caused few therapeutic problems because several alternative 
therapies were available. However, before the organism has grown and 
beta-lactamase can be detected, knowledge of the local prevalence of 
resistance has promoted use of chloramphenicol, with or without 
ampicillin, or a cephalosporin as first line therapy for invasive 
disease in the UK. The possible merits and disadvantages of 
chloramphenicol, alone or in combination with ampicillin, have been 
discussed in Chapter 1. The conclusion must be that while the 
controversy continues as to which drug is best when prescribed alone 
(Lindberg et al., 1977; Mackenzie, 1979), co-administration of these 
agents is unlikely to result in antagonism in vivo (Feldman et al., 
1982? Bingen et al., 1988). Where CAT-producing, beta-lactamase 
positive H.influenzae are uncommon, use of this combination while 
awaiting susceptibility testing results is still a feasible alternative 
to an appropriate injectable cephalosporin and carries the advantage of 
activity against Str.pneumoniae in cases where the causative species is 
unknown.
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Whatever the merits or problems associated with combined therapy, 
the estimated 5 mg/1 concentration of amoxycillin in the CSF 2 h post
administration of 20 mg/kg/day (Bingen et al.t 1988) and peak CSF 
ampicillin concentrations of 38 mg/1 (Turk, 1977) suggested that 
treatment of beta-lactamase producers with either beta-lactam alone was 
unlikely to be successful. Although Moxon et al. (1977) reported 
success with ampicillin in treatment of experimental meningitis in 
infant rats caused by a beta-lactamase-producing organism, numerous 
reports of therapeutic failures in man followed the advent of TEM-1 
production in the species. In addition, the paradoxical responses 
described in Chapter 4 which have been observed on exposing organisms to 
high concentrations of beta-lactams in vitro may explain the report of 
Shakelford et al. (1972) that clinical response was slower when 
ampicillin was used rather than chloramphenicol, even when the organism 
was fully-susceptible to the beta-lactam.

Early reports of type b organisms with intrinsic beta-lactam 
resistance stemmed from treatment failures (Markowitz, 1980; Offit et 
al., 1982) and a similar instance of a type f H.influenzae producing
meningitis has been reported (Yagupsky and Rosenthal, 1987). There is 
no evidence at present to suggest that such isolates are less virulent 
than their fully-susceptible or beta-lactamase-producing counterparts. 
Peak concentrations of ampicillin attainable in the CSF may be 
sufficient for effective therapy of at least some of these organisms. 
Of more concern, perhaps, is the lack of knowledge as to the likely 
efficacy of other commonly used beta-lactams against ampicillin- 
resistant, beta-lactamase negative isolates. The relationship between 
the degree of reduced susceptibility observed among isolates studied in
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Chapter 4 and available pharmacokinetic data for these agents is 
discussed below.

Non-invasive infections
Treatment of ampicillin-resistant organisms in the respiratory 

tract is a more common problem. Administering 1 g ampicillin 6-hourly 
orally, May and Delves (1965) reported that although peak serum levels
ranged from 2.1 to 9.8 mg/1, concentrations of ampicillin in sputum
could not be correlated with these figures in individual patients. Mean 
sputum concentrations were 0.33 and 0.45 mg/1 in two studies and 1 mg/1 
at the very most with an apparent limit to the attainable concentration 
when the dose was increased further. These authors also pointed out 
that penetration decreased as the sputum reverted from purulent to
mucoid. Their failure to detect drug in sputa of some volunteers was 
ascribed to the possible destruction of the agent by other beta-
lactamase-producing species in the respiratory tract. For example, the 
prevalence of beta-lactamase production in Branhamella catarrhalis has 
been reported to be as high as 70% (McLeod et al., 1986).

May and Ingold (1972), using 500 mg 6-hourly as a standard oral 
dosage of amoxycillin found that, as with ampicillin, serum levels could 
not be correlated with sputum levels. However, sputum purulence did not 
affect the concentrations of amoxycillin attained. Even when 3 g 
amoxycillin was given orally, Cole and Roberts (1983) found a peak 
sputum concentration of only 0.55 mg/1 while at a dose of 500 mg 8- 
hourly Havard et al, (1982) reported an average peak sputum level of 
0.2-0.3 mg/1. These figures suggested that a plateau effect between 
dose and level also applied to amoxycillin.
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From these studies, therapeutic failure of ampicillin or 
amoxycillin would be expected when treating both beta-lactamase 
producers and those with intrinsic resistance, even when this is at an 
intermediate level. However, evidence to support failure of therapy 
against the latter organisms in the respiratory tract is lacking at 
present. The additional complication of spheroplast formation in sputum 
on exposure to sub-MIC levels of beta-lactams must be considered^ as 
discussed in Chapter 4, among factors leading to recrudescences of 
infection post-cessation of therapy.

Amoxvcillin-clavulanate
The combination of amoxycillin with clavulanic acid proved highly 

active against beta-lactamase-producing isolates in vitro. The weak 
antibacterial activity of the enzyme inhibitor (Reading and Cole, 1977) 
made no difference to the inhibitory concentrations required for the 
beta-lactamase negative ampicillin-resistant group. MICs of amoxycillin 
in the presence of clavulanic acid were very similar to inhibitory 
concentrations of ampicillin for these organisms. This similarity 
between in vitro activity of ampicillin and amoxycillin has also been 
noted by van Klingeren and Dessens-Kroon (1979) and Olsson-Liljequist 
and Gezelius (1986).

Wallace et al, (1985) reported very good efficacy of the 
combination in respiratory infections due to beta-lactamase producers 
but the dosage regime gave similar sputum concentrations of amoxycillin 
(0.05 to 0.54 mg/1) to those reported above. Hence there appears to be 
no in vivo advantage of the combination over use of an aminopenicillin 
alone when treating organisms with non-lactamase-mediated resistance.
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Amoxycillin-clavulanate may not be suitable for treatment of 
serious infections due to resistant organisms of either type. Decazes et 
al. (1987) reported poor penetration of clavulanic acid into CSF and 
failed to detect in vitro bactericidal activity in CSF samples against a 
beta-lactamase-producing organism in 10 of 12 specimens from patients on 
intravenous treatment at highest recommended doses. Although the 
inhibitor crossed the blood brain barrier more efficiently when the 
membranes were inflamed, levels achieved were less than 1 mg/1. These 
authors did not observe in vitro bactericidal activity at concentrations 
of clavulanate reported to be sufficient for synergistic action by 
Kosmidis et al. (1982). In addition, as noted above, it is unlikely 
that concentrations of amoxycillin would be high enough to eradicate 
resistant beta-lactamase negative organisms. Activity of compounds 
containing other beta-lactamase inhibitors such as sulbactam and 
tazobactam have not been evaluated in this study; the pattern of results 
obtained with amoxycillin-clavulanate would suggest that they are 
unlikely to behave any differently against resistant beta-lactamase 
negative organisms.

Cephalosporins
Oral

The cephalosporins have shown themselves to be useful alternatives 
for both invasive and non-invasive infections due to beta-lactamase 
producers.

Information gathered by other workers on the extrapolation of in 
vitro activity of cefaclor to likely clinical outcome suggests that it 
is a suitable agent for the treatment of most non-invasive H.influenzae
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infections due to ampicillin-sensitive or beta-lactamase-producing 
resistant isolates and has superior activity against both groups when 
compared with cephalexin (Preston, 1979).

After a 1 g oral dose, both cefaclor and cephalexin achieved peak 
serum levels of >25 mg/1 with similar absorption profiles. Following 
0.5 g cefaclor every 6 h, sputum concentrations reached 0.54 mg/1 (Simon 
and Gatzemeier, 1979). Despite these low levels and the imperfect 
stability of both agents to TEM-1 beta-lactamase, Rammer and Short 
(1979) reported good results of trials of cefaclor in respiratory and
middle ear infections due to ampicillin-susceptible and beta-lactamase
positive H.influenzae. However, it was observed in Chapter 4 that MICs 
of these agents were markedly increased for the beta-lactamase negative, 
ampicillin-resistant isolates. Theoretically, it would seem unlikely 
that they are effective in vivo against such organisms.

The highly-stable orally-administered agent cefixime may hold more 
promise since it is far more active in vitro (modal MIC=0.03 mg/1). 
Pharmacokinetic studies in humans with cefixime by Brittain et al. 
(1985) showed that 200 mg orally produced a mean peak concentration in 
serum of 2.6 mg/1 and levels at 8 h still in excess of 1 mg/1 while a
400 mg dose produced a mean peak of 3.8 mg/1. In addition, cefixime
differed from other oral cephalosporins in having a serum half-life of 
3 h (more than three times that of cefaclor and cephalexin). Animal 
studies have suggested that considerable tubular re-absorption and serum 
protein binding are responsible for the prolongation of half-life 
(Sakamoto et al., 1985a) and that the low urinary recovery rate of 
cefixime is due to poor intestinal absorption and not to metabolism 
(Sakamoto et al., 1985b). Hence, although cefixime may retain activity
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in vivo even against the majority of isolates with non-lactamase- 
mediated reduced susceptibility, its use may be limited by
gastrointestinal side effects.

Injectable
Several injectable cephalosporins have been used successfully in 

treatment of H.influenzae meningitis due to beta-lactamase-producing 
organisms. Where resistance to ampicillin and chloramphenicol has
reached problematical levels, cefotaxime has been adopted as treatment
of choice (Campos et al., 1986). Both drug and metabolite show 
excellent activity in vitro (Campos and Garcia-Tornel, 1987). The
experience of these authors and Belohradsky et al. (1980) suggests that 
CSF penetration is sufficient such that even those organisms with non
lactamase-mediated reduced susceptibility would be expected to be 
killed. For these reasons, in areas of the Uk where resistance to
chloramphenicol has now reached more than 1/50 and up to 1/20 among
type b isolates, cefotaxime should be adopted as first line therapy to 
cover invasive H.influenzae infection. However, where the organism is 
not known, use of an injectable cephalosporin alone would provide
activity against N.meningitidis, but carries the problem of poor cover 
for Str.pneumoniae and might have to be combined initially with benzyl 
penicillin.

Ceftriaxone is a popular alternative internationally (Del Rio et 
al., 1983) but is unfortunately unavailable in the UK at the present
time. Kim (1988) reported that both ceftriaxone and cefmenoxime were 
highly active in vitro and maintained serum and CSF bactericidal titres 
>1:200 for up to 8 h in infant rats. Again, these agents are so active
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that the order of expected reduction in activity against H.influenzae 
with intrinsic resistance is unlikely to be important to outcome. Their 
major advantage over cefotaxime is in long tjy2/ AUC anc* hence reduced 
dosage frequency.

In contrast, the less active ceftazidime would appear to have no 
advantage over cefotaxime, especially since intrinsically-resistant 
organisms may require up to 2 mg/1 for inhibition. For the same 
reasons, the results of Philpott-Howard and Williams (1983) suggest 
that, despite favourable pharmacokinetics (Del Rio et al.f 1982) and 
clinical success against beta-lactamase producers in the CSF (Alejo et 
al,, 1982) cefuroxime cannot be relied upon for treatment of meningitis 
due to H.influenzae with non-lactamase-mediated resistance to 
ampicillin.

Monobactams
From the in vitro evaluation of the monobactam, aztreonam, it would 

seem that this parenterally-administered agent and some of the recently 
developed orally-administered compounds, carumonam and tigemonam, will 
prove useful in treatment of both invasive and non-invasive infections. 
Not only are these agents very stable to the beta-lactamases found in 
H.influenzae (Bush et al,, 1982) but also they are far less likely to 
produce cross-hypersensitivity in patients allergic to the penicillins. 
Penicillin-hypersensitive patients with serious H.influenzae infections 
are frequently treated with chloramphenicol and,therefore, aztreonam may 
be of particular value in areas where chloramphenicol resistance is also 
a problem (Adkinson et al., 1984).
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Swabb (1985) reported that peak and 8 h concentrations after 0.5 g 
IV were 58 and 1.3 mg/1 respectively. The Tjy2 of aztreonam is short at 
about 50 minutes; therefore one would not expect the level in the CSF to 
be high. In normal subjects, 2 g IV produced CSF concentrations of 
1 mg/1 at 4 h but 3 mg/1 was achieved in patients with meningitis (Duma 
et al,, 1984). After a similar dose, Fracasso et al, (1989) reported 
4 hr concentrations in bone that could be expected to kill all organisms 
except those with non-lactamase-mediated resistance and Bocazzi et al, 
(1989) found sputum levels between 4.8-18.7 mg/1 in intubated patients. 
Aztreonam, then, may be effective in vivo even against those 
H ,influenzae reguiring concentrations for inhibition at the upper end of 
the range observed. Similarly, early in vitro and in vivo results with 
new monobactams indicate that they will prove to be useful oral agents 
for treatment of less serious infections due to these organisms 
(Bergeron et al,, 1987).

Carbapenems
The results obtained in Chapter 4 demonstrated that imipenem was 

unaffected by mechanisms mediating intrinsic resistance to ampicillin. 
The inherently far more active compound meropenem showed only a slight 
reduction in activity against organisms of this group. Both agents are 
administered parenterally so their use will be confined to treatment of 
serious infections. Imipenem carries the additional disadvantage of 
susceptibility to renal dehydropeptidase (Kropp et al,, 1982). 
Meropenem is not so attacked (Sunagawa et al,, 1987) and therefore does 
not need to be co-administered with the enzyme inhibitor cilastatin.
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Using a 1:1 ratio of imipenem:cilastatin, peak plasma
concentrations were >30 mg/1 following either a 500 mg or 1 g IV dose 
but 4 h levels were <2 mg/1 for both regimes (Rogers et al., 1985). 
Wise et al. (1986) reported good penetration of inflammatory fluid 
(>6 mg/1 at 30 min post-500 mg IV dose) but Brown et al. (1985) found 
levels in the CSF to be unpredictable and suggested that recommendation 
of an optimum dosage regime required more data. From these latter
results, successful treatment of organisms producing meningitis which 
require >4 mg/1 imipenem for inhibition would be unlikely.

Preliminary data regarding pharmacokinetics of meropenem (ICI: data 
on file) showed that plasma concentrations 1 h post-administration were 
far above the highest MIC observed among H.influenzae. Therefore this 
compound may be very valuable if resistance to the traditional agents, 
including intrinsic resistance to other beta-lactams, becomes a problem 
but further data from human studies are as yet awaited.

Also under trial is a dihydropeptidase-susceptible penem,
FCE 22101, which can be given orally in ester form. The MIC50 for 
H.influenzae is at 0.5 mg/1 with a range of 0.5 to 8 mg/1 (Hoban, 1989). 
Unfortunately peak plasma levels, whatever the route of administration, 
do not exceed 10 mg/1 (Della Bruna et al., 1989) and CSF levels are 
one-third of those of imipenem (using standard dosages) in patients with 
meningitis (Dworkin et al., 1989). Hence, apart from availability of the 
oral route for administration, and therefore the possibility of using 
the agent for less serious infections, this compound does not appear to 
have any advantage over imipenem. Evaluation of activity against 
intrinsically-resistant organisms has not been performed.
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Summary
The enzyme stable beta-lactams have provided alternatives for 

therapy of invasive and non-invasive infections due to H.influenzae 
which produce beta-lactamase. In general, it seems that the beta- 
lactams which are highly active in vitro against H.influenzae are less 
likely to be rendered ineffective in vivo by mechanisms involved in 
non-lactamase-mediated reduced susceptibility. Even at sites such as 
the CSF, where penetration may be less reliable, concentrations achieved 
several hours post-administration by many of these agents leave a 
comfortable safety margin provided that stable spheroplast formation 
and/or tolerance do not occur. The most suitable agents currently 
available are cefotaxime in the UK and ceftriaxone worldwide.

Whatever the experimental predictions, more experience with new 
beta-lactams in treatment of invasive infections is needed in order to 
evaluate the true importance of intrinsic resistance in choice of 
therapy. This need is just as important in infections of the 
respiratory tract, middle ear and sinuses for which similar but orally- 
available agents will be used increasingly as the prevalence of beta- 
lactamase production in the species continues to rise.

7.3 Chloramphenicol
For reasons already discussed, chloramphenicol is a favoured 

alternative to beta-lactams for treatment of invasive disease. Although 
chloramphenicol uptake by H.influenzae is a saturable, energy-dependent 
process, cell-associated concentrations reach l,000x extracellular drug 
levels (Burns and Smith, 1987b). However, the production of CAT or 
development of non-CAT-mediated resistance both rule out its use if
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levels in body fluids are maintained within those generally recommended 
to avoid toxicity (Ambrose, 1984).

Safety has been greatly improved by recognition that 
chloramphenicol and its palmitate and succinate esters, used for oral 
and intravenous administration respectively, can be quantified in blood 
and CSF using gas-liquid or high-performance liquid chromatography 
(Rensimer et al., 1981; Weber et al., 1981). Even after oral dosage of 
esters, plasma levels at 2 h were 23 mg/1 and CSF levels at 6 h were 
8 mg/1 (Rensimer et al., 1981) while Mulhall et al. (1983) found that 
CSF concentrations were up to 50% of plasma levels following intravenous 
succinate ester.

Detection of CAT production has recently been assessed in the USA
to be most reliable with routine use of the tube method (Walker and
Brown, 1988). The pharmacokinetic data also rule out use of the drug 
against the rare organisms which are resistant by means of decreased 
permeability. Use of disc susceptibility testing is still necessary to 
detect these although this is not without its problems. Correct 
reporting of susceptibility to chloramphenicol is very important in 
countries such as the UK where it is still widely used for treatment of 
invasive infections. Results described in Chapter 5 suggest that under 
the susceptibility testing conditions advocated a zone of inhibition 
,<26 mm around a 10 ug disc should be considered to indicate resistance.

Many analogs and isomers of chloramphenicol have been screened for
their ability to inhibit protein synthesis and to act as substrates for 
acetylation by CATs (Shaw, 1975). Several of these are not modified by 
CATs and can inhibit protein synthesis in vitro (Shaw, 1983). Some have
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been considered for possible clinical usage but none has reached 
licensing (Nagabhushan et al., 1980). The major problems have been with 
their similar or greater toxicity than the parent compound. Burns and 
Smith (1987b) reported that a fluorinated chloramphenicol analogue able 
to inhibit protein synthesis competed with the drug for uptake into 
cells. This suggested that such derivatives of the drug may use the 
same route of entry through the outer membrane (Burns and Smith, 1987a) 
and, hence, would be excluded in the same way by organisms possessing 
non-CAT-mediated resistance.

While development of an enzyme-stable and efficient inhibitor of 
protein synthesis remains a possibility, in areas where chloramphenicol 
resistance is such that it is no longer a reliable "blind" first line 
agent the injectable cephalosporins are currently the favourite 
alternatives. The 1986 UK survey established that up to 1/20 
H.influenzae isolated in the UK can be expected to be resistant to 
chloramphenicol. About 1/3 of these will also be beta-lactamase- 
positive. When ampicillin resistance amongst type b strains reached 2% 
in the later 1970s, the drug was quickly abandoned as sole first-line 
therapy for serious infections. The data already presented strongly 
suggest that cefotaxime may now be the most suitable agent for initial 
use against known or presumed invasive H.influenzae infections in the 
UK. Some clinicians may prefer to revert to use of chloramphenicol once 
susceptibility to this agent has been confirmed since the Spanish 
experience suggests that in cases where chloramphenicol can be used the 
clinical response is more rapid compared with use of cefotaxime alone 
(J.Campos, personal communication, 1988).
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7.4 Oral agents in non-invasive disease 
Tetracycline

Among the earliest oral agents used clinically against H.influenzae 
were the tetracyclines. May and Oswald (1956) reported general 
improvement and decrease in number of exacerbations in COAD patients 
treated for long periods with tetracycline or oxytetracycline but noted 
that the prevalence of gastrointestinal side effects was a problem. The 
newer agents, doxycycline and minocycline, produce less side effects but 
Maesen et al. (1989) found that sputum levels were less than 1 mg/1 for 
both drugs after recommended dosages and persistence of H.influenzae in 
post-treatment sputa was common. Therefore, although the results in 
Chapter 3 suggest that few countries have a problem with resistance to 
the tetracyclines, they are probably of limited usefulness against this 
species.

Trimethoprim

The prevalence of resistance to trimethoprim has increased in the 
UK during the 1980s. This period has seen a change towards prescription 
of trimethoprim without sulphamethoxazole which may be contributing to 
the trend. The possible usage of co-trimoxazole for invasive disease 
has already been discussed (Chapter 1) and is generally thought to be 
unsatisfactory (Kim, 1988). Trimethoprim alone or in combination has 
been useful for non-invasive infections in penicillin-allergic patients 
and in those infected with beta-lactamase-producing organisms.

Unfortuhately, it seems that resistance to trimethoprim will soon 
approximate to the prevalence of beta-lactamase production so markedly 
limiting its prescription. In addition, May and Davies (1972) pointed
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out failure to achieve an optimum ratio of trimethoprim to 
sulphamethoxazole in sputa due to differences in penetration properties 
between the two drugs. Hence, future use of trimethoprim, alone or in 
combination, against H.influenzae must logically decrease as prevalence 
of resistance increases, whether or not resistance to sulphonamides 
rises in parallel.

Erythromycin
Problems associated with determination of susceptibility to 

erythromycin have already been reviewed. Activity of the drug against 
H.influenzae is borderline and it has never been recommended for use in 
invasive infections although it may hasten recovery in self-limiting 
non-invasive infections. Newer macrolides such as roxithromycin also 
appear to be of limited activity (Bergeron et al., 1987). Erythromycin 
acistrate, a new ester pro-drug of erythromycin, has been developed in 
an attempt to improve bioavailability and reduce side effects. Although 
Gordin et al. (1988) reported success in treatment of acute respiratory 
infections (pathogens unspecified), the serum and tissue concentrations 
achieved suggested that the new presentation will not be suitable for 
non-invasive H.influenzae infections, (Mannisto et al., 1988).

7.5 Alternative oral and injectable antimicrobials 
4-0uinolones

The excellent in vitro activity of ciprofloxacin against 
H.influenzae has been described in Chapter 4. From animal experiments, 
it seems likely that this agent can achieve CSF concentrations far above 
the highest MIC recorded (Hackbarth et al., 1986) so that it may prove
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to be a useful alternative agent in invasive infections although it is 
not currently licensed in the UK for use in young children. Clinical 
trials have already established its efficacy in treatment of respiratory 
tract infections (Raoof et al,, 1986).

Lomefloxacin is less active in vitro but appears to have excellent 
penetration properties, reaching high concentrations in the bronchial 
mucosa (Honeybourne et al,, 1989). Ofloxacin is more active and 
achieves levels in bronchial secretions far above the MICg0 (Symonds et 
al,', 1988) while enoxacin is of intermediate activity but sputum levels 
are lOx the highest recorded MIC (Dobbs et al,, 1988). Hence, these 
orally-administered agents may prove particularly useful in treatment of 
exacerbations of COAD in adults. Their rather marginal activity against 
Streptococcus pneumoniae may result in residual infections due to this 
organism following therapy.

The advantages of the 4-quinolones include the lack of cross
resistance between these agents and any other family of antimicrobials 
and their low apparent toxicity to date. Such features will be 
desirable in any new group of agents developed.

Compounds under development
Currently under investigation and of potential use against 

H.influenzae are beta-lactams coupled to carrier molecules facilitating 
traverse of the outer membrane, and inhibitors of cellular decarboxylase 
systems. The catechol-substituted cephalosporins utilise iron uptake 
pathways into Gram-negatives. Having complexed with ferric ions, these 
large molecules enter the periplasm very efficiently (Curtis et al,, 
1988). Development has not proceeded to clinical trials as yet but such
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compounds would be expected to bypass non-lactamase-mediated beta-lactam 
resistance which involves OMP changes. The decarboxylase inhibitors have 
activity against a wide range of organisms including protozoa. Their 
mechanism of action makes it likely that they would be active against 
H.influenzae but this has not yet been evaluated for the several 
compounds currently under investigation.

7.6 Prospects in prevention of infection 
Type b vaccines

Following the development of the PRP vaccine and the early 
recognition of its failure to produce protective antibody levels in the 
at-risk age group (<18 months) many workers have concentrated on 
improving immunogenicity of the polysaccharide by complexing it to 
various protein carriers. These efforts are based on the observation 
that covalent coupling of a polysaccharide to a protein carrier confers 
thymic-dependent features on the immune response to the polysaccharide 
(Schneerson et al., 1980) which can result in production of antibody in 
babies less than one year old.

After extensive trials, a PRP-diphtheria toxoid vaccine (PRP-D) was 
licensed in the USA at the end of 1987. Despite the efficacy data from 
Finland (Eskola et al., 1987), this vaccine is not currently recommended 
for administration to children <18 months of age. This may change if 
USA data can be accumulated demonstrating immunogenicity in earlier age 
groups in agreement with the Finnish study (Weinberg and Granoff, 1988).

Meanwhile, the most promising alternative to PRP-D which has 
reached the stage of clinical trials is the oligo-CRM or Hb OC vaccine
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consisting of an oligosaccharide derivative of PRP coupled to a non
toxic mutant diphtheria toxin (CRM197). This complex vaccine is 
immunogenic in children 2-3 months of age although several doses are 
necessary to achieve levels of antibody known to definitely confer 
protection. The nature of the immune response to these vaccines is 
still under investigation and appears to vary with ethnic group, 
inherited antibody allotypes and age (Granoff and Munson, 1986; Weinberg 
and Granoff, 1988).

Non-capsulate vaccines
A few attempts have been made in development of a vaccine which 

might prevent non-capsulate infections, particularly in COAD patients. 
As mentioned in Chapter 1, these are far less promising due to the lack 
of identifiable common antigens in this genetically heterogeneous group. 
In addition, such a vaccine would be unlikely to prevent colonisation so 
that continual presence of H.influenzae and, therefore, the many 
ciliatoxic and bronchoconstricting substances it may produce, might 
still lead to symptoms in the absence of frankly infected sputum. 
However, any progress on this front could provide benefits not only in 
health but also in economics since such patients often require frequent 
hospital admission and are either unable to work or frequently absent 
due to their disease.
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7.7 Conclusions
H.influenzae is versatile in its capacity to produce disease. 

Difficulties may be encountered in correct identification of the species 
and in determination of antimicrobial susceptibility. The prevalence of 
resistance to several of the more traditional agents used in therapy 
continues to rise and has reached problematical levels in some 
countries. Many of the more recently introduced agents are very active 
but the increase in non-lactamase-mediated resistance to ampicillin may 
limit the clinical use of several of the newer beta-lactam agents.

Because of the range of infections produced and the presence among 
wild-type isolates of genes encoding resistance to almost every 
currently available antimicrobial agent in general use against the 
species, continued development of new drugs for oral and parenteral 
administration will be important to future therapeutic success. 
Production of a more suitable vaccine for prevention of type b disease 
will prevent much mortality and disabling sequelae. Success in 
development of a vaccine against non-capsulates appears more distant but 
could prevent much morbidity among patients with COAD. Both vaccines 
would circumvent therapeutic problems due to antimicrobial resistance 
which, from the data presented in previous chapters, will undoubtedly 
continue to increase.
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Resistance of clinical isolates of Haemophilus influenzae in 
United Kingdom 1986

MAIR POWELL, CHRYSSA KOUTSIA-CAROUZOU, D VOUTSINAS, ANGELA SEYMOUR, 
J D WILLIAMS

Abstract
Between 1 January and 31 March 1986, 2434 strains of Haemo
philus influenzae collected from 23 laboratories in the United 
Kingdom were examined. With the same criteria as previous 
studies in 1977 and 1981 the prevalence of resistance was: 
ampicillin 7*8% (6*2% (3-lactamase producers and 1*6% non
producers), tetracycline 2*7%, chloramphenicol 1*7%, trimetho
prim 4*2%, and sulphamethoxazole 3*5%. Of the 87 capsulated 
strains, 15 produced (3-lactamase, nine were resistantto ampicillin 
but did not produce |3-lactamase, and two strains, one of which 
produced |3-lactamase, were resistant to chloramphenicol and 
tetracycline.

Since 1977 the prevalence of resistance to ampicillin, chloram
phenicol, and trimethoprim has increased significantly. During 
1981-6 strains resistant to ampicillin but not producing (3-lactamase 
and strains resistant to trimethoprim have significantly increased.

Introduction
Many countries have reported increasing resistance to antibiotics by 
Haemophilus influenzae over the past decade.13 An increase in the 
prevalence of resistance to ampicillin or chloramphenicol, or both, 
in Pittman type b strains is particularly important for patients who 
have meningitis, septicaemia, epiglottitis, and septic arthritis, in 
whom treatment starts before the results of susceptibility testing are 
available.
During the first three months of 1986, 23 of the 24 laboratories 

that formed the 1981H influenzae study group participated in a new 
survey. All 17 laboratories of the 1977 study group were included in 
this number.

Methods
IDENTIFICATION AND DISC DIFFUSION SUSCEPTIBILITY TESTING

Strains of H  influenzae that were isolated in the participating laboratories 
were sent to this college on chocolate agar slopes. One strain was accepted for 
each episode of infection. Pure subcultures of each strain were inoculated 
into phials of nutrient broth (Oxoid) supplemented with 5% inactivated 
Fildes’ extract (Oxoid) and incubated for five hours at 37°C.

Each suspension was diluted 1/100 in peptone water and used to inoculate
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a nutrient agar plate (Southern Group Laboratories) for X and V factor disc 
testing, incubated in air for 18 hours at 37°C and a DST agar (Oxoid) plate 
supplemented with 0*25% lysed horse blood and 10 mg nicotinamide- 
adenine dinucleotide/1 (BDH Chemicals), to which the following 6 mm discs 
were applied: 2 |rg ampicillin, 10 |xg tetracycline, 10 pg chloramphenicol, 
1-25 |xg trimethoprim, and 100 pg sulphamethoxazole. The plates were 
incubated in an atmosphere of 5% carbon dioxide and 95% air for 18 hours at 
37°C.

Each strain was biotyped according to the methods of Kilian,4 with the 
revised classification of Oberhofer and Back.5 Kilian’s test for porphyrin 
production6 was used to check the haemin dependency of all strains. 
Organisms that were dependent on X and V factors, gave negative results for 
the porphyrin production test, and did not require carbon dioxide were 
accepted as being H  influenzae.

DETERMINATION OF MINIM UM  INHIBITORY CONCENTRATIONS

The minimum inhibitory concentrations of the five antibiotics were 
determined by an agar dilution method with DST agar supplemented as 
above. A Denley multipoint inoculator was used to deliver 0-003 ml 1/100 
dilution of organisms prepared as for disc testing; about 10000 organisms 
were applied to the agar surface. All plates were incubated in an atmosphere 
5% carbon dioxide and 95% air for 18 hours at 37°C.

Those strains that grew with a zone diameter of less than 20 mm around 
one or more antibiotic discs were tested against all five antibiotics at final 
concentrations ranging from 256 mg/1 to 0*008 mg/1. All other strains were 
tested only on plates containing the following final antibiotic concentrations: 
ampicillin 2 mg/1, tetracycline 4 mg/1, chloramphenicol 4 mg/1, trimetho
prim 2 mg/1, and sulphamethoxazole 32 mg/1.

DETECTION OF (3-LACTAMASE

All strains that grew with a reduced zone diameter around the ampicillin 
2 |ig disc and those strains considered to be resistant by the sending 
laboratories but that grew with zone diameters 5*20 mm were tested for 
(3-lactamase production by an acidometric method (Oxoid (3-lactamase 
detection papers) and a cell suspension iodometric method.7

SEROTYPING

Strains showing irridescence on Fildes’ agar were serotyped with agglu
tinating antiserum (Wellcome).

Results
Of the 2805 live cultures received, 2434 met the stated requirements for 

inclusion in the study. Calculations of the proportional contribution of 
isolates from the participating laboratories showed excellent agreement 
between 1981 and 1986, with only seven centres having a difference of more 
than 2%. These differences in proportion were all 5% or less, and none of the 
seven had appreciably different prevalences of resistance to any one 
antibiotic from the overall figures.

Table I shows the distribution of minimum inhibitory concentrations 
obtained from strains that showed a reduced zone diameter (<20 mm) for 
each of the antibiotics tested. Table II shows the total numbers of strains that 
showed a reduced zone diameter and minimum inhibitory concentration 
greater than the breakpoint chosen for each of the five antibiotics and 
compares the proportions of such strains in the three surveys. Identical 
methods for testing susceptibility were used in all three surveys8 9 except that 
a tube dilution method for determining sulphamethoxazole minimum 
inhibitory concentrations was used in 1981.
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Ampicillin

Two hundred and eighty three strains showed a reduced zone diameter 
around the ampicillin 2 pg disc, and 189 were considered to be resistant. Of 
these, 151 produced {3-lactamase and had minimum inhibitory concentra
tions of ̂ 2 mg/1, and 38 were (3-lactamase negative and had minimum 
inhibitory concentrations of S4 mg/1. The proportions of these two groups 
as a percentage of the total strains resistant to ampicillin were 80% and 20%, 
respectively, compared with 92% and 8%, respectively, in 1981.
The remaining strains with zone diameters <20 m m  were all (3-lactamase 

negative. Sixty of these required a minimum inhibitory concentration of 1 
mg/1 or 2 mg/1— an intermediate degree of resistance. Two {3-lactamase 
negative strains with zone diameters ̂ 20 m m  grew on 2 mg ampicillin/1

plates, and two |3-lactamase positive strains seemed initially to be sensitive 
on disc testing and minimum inhibitory concentration determination.
Table III shows the changes in the total prevalence of resistance to 

ampicillin as defined above for the participating laboratories. The centres 
with the highest percentage resistance values were scattered geographically, 
and there were no clear correlations with large industrial cities or less urban 
centres.
Table IV shows the resistance patterns seen in the strains sensitive to 

ampicillin and the two resistant groups of strains. Of 14 isolates that were 
resistant to four or five of the antibiotics tested, six produced (3-lactamase. 
None of the (3-lactamase negative ampicillin resistant strains was also 
resistant to chloramphenicol or tetracycline, or both, but 23 (3-lactamase 
positive isolates were.

TABLE I—Distribution of minimum inhibitory concentrations obtained from strains with gone diameters <20 mm for each antibiotic tested

Minimum inhibitory concentration (mg/I)

0-12 0-25 0-5 1 2 4 8 16 32 64 128 2*256

Ampicillin f)-lactama$e positive 6 14 16 29 36 33 .14
Ampicillin ^-lactamase negative 1 6 27
Tetracycline 
Chloramphenicol
Trimethoprim 1
Sulphamethoxazole 2 12 26 66 25 22 16 22

6 14 16 29 36 33
36 24 21 6 4 5 2

1 5 33 20 6 2
2 1 18 9 2

1 1 3 5 16 25 53
2 12 26 66 25 22

TABLE II—Numbers of strains with reduced zone diameters (<20 mm) and minimum 
inhibitory concentration^value stated of each antibiotic tested in the three United 
Kingdom surveys

Antibiotic (minimum 
inhibitory concentration)

1986 
% (No) of strains

1981 
% Of strains

1977 
% Of strains

Ampicillin (total) 7-8 (189) 6-2 1-6
(Mactamase positive (S2 mg/1) 6-2(151) 5-75 1-6
(Mactamasc negative (>4 mg/1) 1-6 (38) 0-45 —

Tetracycline 0 4  mg/1) 2-7 (66) 31 2-7
Chloramphenicol 0 4  mg/1) 1-7 (42)* 1-0 0-2
Trimethoprim 0 2  mg/1) 4-2(102) 1-4 0-2
Sulphamethoxazole 0 3 2  mg/1) 3-5 (85) l ‘5t

*Two strains had zone diameter <20 mm and minimum inhibitory concentrations of 2 mg/1, 
and 10 strains had zone diameters 20-25 mm and minimum inhibitory concentrations 
^ 4  mg/1.
fTube dilution method used.

table hi—Prevalence of total ampicillin resistance in isolates from participating 
laboratories

1986

Total No (%)
No of isolates resistant to 1981 1977t

examined ampicillin* % Resistant % Resistant

Aberdeen 75 6 (8-0) 9-6
Ayr 189 19(100) 7-4
Barking 80 3 (3-8) 9-5
Birmingham 111 11(100) 8-8
Bristol 79 8(100) 10-6 3-8
Edinburgh 261 20 (7-7) 5-7 2-8
Epping 28 2 (7-1) 10-2 4-3
Glasgow 57 4 (7-0) 81
High Wycombe 53 8(15-0) 5-3 13-3
Inverness 80 4 (5-0) 2-7
Liverpool 130 12 (9-2) 3-4
London (total) 306 38(12-4)

Guy’s 61 6 (9-8) 8-2 3 0
The London Hospital

Medical College 84 10(11-9) 6-5 1-4
St Thomas’s 137 20(14-6) 3 0
University College Hospital 24 2 (8-3) 4-9

Manchester 76 8(10-5) 0-9
Newcastle 124 11. (8-9) 8-3
Nottingham 395 32 (8-1) 6-4 1-1
Plymouth 141 6 (4-3) 4-9 0-7
Portsmouth 128 15(11-7) 11-5
Salford 25 3(120) 5-9
Stockport 7
York 89 3 (3-4) 2-9

* Reduced zone diameter (<20mm) and minimum inhibitory concentration ?  lmg/1. 
fSeventeen laboratories only.

Chloramphenicol

Thirty strains had both a reduced zone diameter and minimum inhibitory 
concentration 2=4 mg chloramphenicol/1, two strains had a zone diameter 
<20 m m  and minimum inhibitory concentrations of 2 mg/1, and another 10 
strains had zone diameters 20-25 m m  and minimum inhibitory concentra
tions >4 mg/1. All 42 strains were shown to produce chloramphenicol 
acetyltransferase by the spectrophotometric method of Shaw and Brodsky10 
and were resistant to tetracycline. Thirteen produced f3-lactamase, and 11 
were resistant to trimethoprim and sulphamethoxazole. Two strains were 
resistant to all five antibiotics tested (both produced (3-lactamase). When the 
additional 12 strains were taken into account the overall figure for 
chloramphenicol resistance increased from 1 *2% to 1 '7%. Isolates from eyes 
did not show the increased prevalence of resistance to chloramphenicol 
found in 1981.

Tetracycline

Of the 66 strains (2*7%) with a reduced zone diameter and minimum 
inhibitory concentration 3=4 mg/1, 23 also produced (3-lactamase. Twenty 
four strains were not resistant to chloramphenicol, but 10 of these produced 
(3-lactamase. There was no increased prevalence of resistance to trimetho
prim and sulphamethoxazole in this group.

Trimethoprim

One hundred and two strains (4-2%) were resistant to trimethoprim, 
showing a reduced zone diameter and minimum inhibitory concentration 
^2 mg/I. Of these, 47 were also resistant to sulphamethoxazole and 12 
produced (3-lactamase.

Sulphamethoxazole

Determining the minimum inhibitory concentrations of sulphametho
xazole by the agar dilution method produces a larger range of values 
compared with results of tube dilution assays. Of the 193 strains with a 
reduced zone diameter, however, 85 required a minimum inhibitory 
concentration 2=32 mg/1 while only seven strains with zone diameters 
2  20 m m  were able to grow on the 32 mg sulphamethoxazole/1 plate.

CAPSULATED STRAINS

Of 87 typable strains (3-6%), 66 (76%) were type b. Table V shows the 
prevalence of resistance as defined above in type b capsulate and non- 
capsulate strains.



TABLE IV—Patterns of resistance for three groups by susceptibility to ampicillin. Values are numbers of strains

Ampicillin
alone Tetracycline

Chloramphenicol
and

tetracycline

Chloramphenicol, 
tetracycline 

and 
trimethoprim

Chloramphenicol,
tetracycline,
trimethoprim

and
sulphamethoxazole Trimethoprim Sulphamethoxazole

Trimethoprim
and

sulphamethoxazole

Ampicillin sensitive: 
zone S20 mm, minimum 
inhibitory concentration 
<2 mg/l(n=2I49) 14 13 6 8 42 32 27

Ampicillin resistant: 
zone <20 mm, minimum 
inhibitory concentration 
>2 mg/I, [{-lactamase 
positive(n=151) 122 10 7 4 2 1 5

zone <20 mm, minimum 
inhibitory concentration 
>4 mg/1, [{-lactamase 
negative (n=38) 28 2 3 5

table v—Prevalence of resistance for type b and non-capsulate strains

No (%) type b No (%) non-capsulated

Ampicillin:
[{-lactamase positive 12(18) 136(6)
[{-lactamase negative 6 (9) 29(1)

Tetracycline 3 (5) 62(3)
Chloramphenicol 2 (3) 40(2)
Trimethoprim 3 (5) 98(4)
Sulphamethoxazole 2 (3) 82(4)

As in previous surveys, there was an increased prevalence of (3-lactamase 
production in type b strains (14% in 1981). The current survey also showed 
an increased resistance to ampicillin without (3-lactamase production in type 
b strains (p<0‘001). Two type b strains were resistant to chloramphenicol; 
no such isolates were found in previous surveys. These two strains were also 
resistant to tetracycline and trimethoprim, and one produced (3-lactamase, 
but they were not isolates from blood or cerebrospinal fluid.

BIOTYPE AND SITE OF ISOLATION

The distribution of strains in the seven biotype groups, the pattern of 
association with the site of isolation, and the strong correlation of biotype I 
with capsulation agreed well with other studies.2 5 11 Twenty four isolates 
from blood or cerebrospinal fluid were received, of which 16 were both 
biotype I and capsule type b, four were biotype I but non-typable, and four 
were of other biotypes and non-typable. Six (25%) of these 24 strains 
produced (3-lactamase. The scatter of resistant strains among the biotypes 
was unremarkable.except that the prevalence of (3-lactamase production was 
higher in biotypes IV (16-5%) and V (14%).

highest among isolates from Bristol and Liverpool (both 3 8%) and 
was accompanied by an increased prevalence of resistance to 
tetracycline (6*3% and 77%, respectively). Liverpool was also 
remarkable in that the prevalence of resistance to all five antibiotics 
there was greater than the national average (ampicillin 9-2%, 
trimethoprim 6-9%, and sulphamethoxazole 5-4%). Resistance to 
trimethoprim has increased significantly (1'4% in 1981 to 4-2% in 
1986; p<0‘001). The vogue for using trimethoprim alone during 
this period may have contributed to this.
The methods used for testing susceptibility have produced 

several interesting results, including the two (3-lactamase positive 
strains and the 10 strains producing chloramphenicol acetyl trans
ferase, which would have been missed by testing only with discs 
with a <20 m m  zone demarcation line. A  further analysis of 
laboratory methods applied to H  influenzae in the United Kingdom 
will be described elsewhere.
Isolates of H  influenzae in the United Kingdom are still rather 

susceptible to the commonly used antibacterial agents compared 
with those in other countries. One quarter of the isolates collected 
from blood and cerebrospinal fluid in this survey produced 13- 
lactamase, but at present chloramphenicol still seems to be suitable 
as initial treatment for invasive disease caused by H  influenzae. The 
increasing prevalence of non-|3-lactamase producers resistant to 
ampicillin may pose problems for treatment. The mechanism of 
resistance has not been fully elucidated, and work published so 
far suggests that changes in penicillin binding proteins or outer 
membrane proteins, or both, may be responsible,1214 so that varying 
degrees of cross resistance to other (3-lactams may occur. Strains 
collected during this survey have been tested against some of the 
more recent (3-lactam antibiotics, and the data accumulated will be 
published later.

Discussion
The overall prevalence of (3-lactamase production by H  influenzae 

in the United Kingdom is still low (6'2%) compared with many 
countries (France 11%, Spain >50% in type b strains in some 
regions, United States >30% in some regions). Type b strains have 
shown an increased prevalence of (3-lactamase production in all 
three surveys— a phenomenon noted in many other national 
studies. The prevalence of (3-lactamase production has not changed 
appreciably between 1981 and 1986, but there has been a significant 
increase in the prevalence of (3-lactamase negative strains, with 
minimum inhibitory concentrations 5=4 mg/1 increasing from 0*45% 
of isolates in 1981 to 1’6% in 1986 (p<0-001). In addition, the 
prevalence of (3-lactamase negative strains with reduced zone 
'diameters and minimum inhibitory concentrations of 1 mg/1 or 2 
mg/1 has increased from 1*6% in 1981 to 2-5% in 1986.
The prevalence of strains resistant to chloramphenicol and 

tetracycline has not increased significantly, but the distribution of 
such strains is interesting. Resistance to chloramphenicol was
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The in vitro activity of cefixime against 2,458 clinical isolates of Haemophilus influenzae was determined. All 
the strains were inhibited by ^2 |xg of cefixime per ml, and the modal M I C  was 0.03 pg/ml. Activity was 
unaffected by the presence of (5-lactamase produced by 157 isolates. Nineteen of the twenty-four isolates for 
which cefixime MICs were ^0.5 ixg/ml were (5-lactamase negative but showed reduced susceptibility to 
ampicillin.

With the advent of (5-lactamase-producing Haemophilus 
influenzae strains in the 1970s (13) and the rising prevalence 
of such strains in the United Kingdom over the last decade 
(4, 8, 9) (currently5.8% in noncapsulate and 18% in type b 
isolates), there has been an increasing need to develop 
alternative oral antimicrobial agents with low toxicity for the 
treatment of noninvasive infections caused by this species.

In the early 1980s, a new cephem was developed which 
showed broad-spectrum anti-gram-negative-bacterial activ
ity and which was active after oral administration in animal 
studies (5). Its activity in the presence of a wide range of 
(5-lactamases, including TEM-1, was unimpaired, and in 
vitro testing showed high activity against a small number of
H. influenzae isolates (7). This compound, cefixime, has now 
been tested against 2,458 clinical isolates of H . influenzae 
collected during 1986 from 23 laboratories in the United 
Kingdom.
Ampicillin (Beecham Pharmaceuticals, Brentford, United 

Kingdom) and cefixime (Cyanamid of Great Britain Ltd., 
Richmond, United Kingdom) were supplied as standard 
laboratory powders of known potencies.

Isolates were collected from 23 laboratories in the United 
Kingdom, and the identity of the isolates was confirmed by 
the criteria of X V  dependence, a negative porphyrin produc
tion test (6), and C 0 2 independence. Five-hour cultures of 
each isolate in 1 ml of nutrient broth (Oxoid Ltd., Basing
stoke, United Kingdom) containing 5 %  (vol/vol) inactivated 
Fildes extract (Oxoid) were diluted 1/100 in peptone water. 
A  Denley multipoint inoculator was used to deliver 0.003-ml 
volumes (i.e., approximately 104 C F U  per spot) to the 
surface of D S T  (Oxoid) agar plates supplemented with 0.25% 
(vol/vol) lysed horse blood and 10 |xg of N A D  ( B D H  Ch e m 
icals, Poole, United Kingdom) per ml and containing dou
bling dilutions of the antibiotics from 256 to 0.008 (xg of 
ampicillin and 16 to 0.008 |xg of cefixime per ml. The M I C  
was defined as the lowest concentration of antibiotic neces
sary to prevent visible growth.
Ampicillin (2-|xg) and cefixime (30-|xg) disk testing was 

performed by swab inoculation (from the peptone water 
suspension) of the same supplemented agar without antibi
otic. Isolates found to show zone diameters of s:20 m m  
around 2-|xg ampicillin disks were subjected to 2-jxg/ml

* Corresponding author.

ampicillin plates only to screen for inhibition of growth by 
this concentration. The plates were incubated for 18 h at 
37°C in 5 %  CC>2-95% air.
All strains that showed zones of <20 m m  were tested for 

(5-lactamase production by an acidometric method (Oxoid) 
and a cell suspension iodometric method (2).
To facilitate analysis of results, the strains were divided 

into four groups according to zone sizes around 2-|xg 
ampicillin disks (12) and MICs of ampicillin. By the criteria 
adopted in three United Kingdom studies which used iden
tical susceptibility testing methods (4, 8, 9), 2,201 isolates 
were considered ampicillin susceptible (2,169 showed zones 
of ̂ 20 m m  and MICs of <2 |xg/ml, and 32 showed zones of 
<20 m m  and MICs of 0.25 to 0.5 |xg/ml), 157 isolates were 
|3-lactamase positive, and 100 isolates were (5-lactamase 
negative and showed reduced zones (<20 mm); for 38 of the 
latter, ampicillin MICs were >4 (xg/ml, and for 62 ampicillin 
MICs were 1 or 2 |xg/ml. These 100 strains were considered 
to possess some degree of non-enzyme-mediated (i.e., in
trinsic) resistance to ampicillin. The modal M I C  of cefixime 
was 0.03 |xg/ml, with a range of <0.008 to 2 |xg/ml (Table 1). 
Ampicillin-susceptible and (3-lactamase-positive, ampicillin- 
resistant isolates showed very similar in vitro susceptibilities 
to cefixime, with the same modal MICs.
When the proportions of strains in each group for Which 

MICs were <0.25 or >0.25 |xg/ml (i.e., more than three 
dilution steps above the modal MIC) were compared, a 
highly significant difference (P  <  0.001) was found between 
the ampicillin-susceptible strains and both groups of strains 
with intrinsic resistance. Of the 24 strains for which cefixime 
MICs were >0.5 |xg/ml, 19 showed nonenzymic reduced

TABLE 1. MICs of cefixime for four groups delineated 
by susceptibility to ampicillin

Group MIC (p,g/ml)a
(no. of isolates) Mode 50% 90%

Ampicillin susceptible (2,201) 0.03 0.03 0.12
(3-Lactamase positive (157) 0.03 0.03 0.06
(3-Lactamase negative (zone diam, 0.06 0.06 0.5

<20 mm; MIC, 1-2 (xg/ml) (62)
P-Lactamase negative (zone diam, 0.25 0.12 0.5

<20 mm; MIC, 2:4 pg/ml) (38)

° 50% and 90%, MIC for 50 and 90% of isolates, respectively.
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susceptibility to ampicillin, 11 of them requiring >4 guug and 8 
of them requiring 1 or 2 |xg of ampicillin per ml for inhibition. 
The remaining five strains were p-lactamase negative and 
showed zones of <25 mm ;  for three of them ampicillin MICs 
were 2 p.g/ml and for two of them ampicillin MICs were 0.5 
jjig/ml.
Zone diameters around the 30-|xg cefixime disks ranged 

from 21 to 49 mm .  The coefficient of correlation between 
zone size and M I C  (Spearman’s correlation) was very poor, 
at -0.13 overall. Correlation was not improved by determin
ing the coefficient for each of the four groups in turn.

As predicted by previous studies of its 0-lactamase stabil
ity (7), there were no significant differences in suscepti
bilities to cefixime between the ampicillin-susceptible and 
(3-lactamase-positive groups. Despite the comparative re
duction in susceptibility shown by a minority of isolates, 
mainly (3-lactamase-negative strains with reduced suscepti
bility to ampicillin, all 2,458 strains were inhibited by <2 |xg 
of cefixime per ml.
The poor predictive value of the 30-|ig cefixime disk with 

respect to M I C  agrees with the observations of Fuchs et al. 
(3), whose data suggest that a 5-|xg disk provides better 
discrimination. These researchers proposed that MICs of <1 
and >4 fJLg/ml should be taken as susceptible and resistant 
breakpoints, respectively. Using these criteria, 2,454 iso
lates would be susceptible and 4 would be in the intermediate 
susceptibility range.
Pharmacokinetic studies in humans with cefixime by Brit

tain et al. (1) showed that 200 m g  orally produced a mean 
peak concentration in serum of 2.63 |xg/ml and levels at 8 h 
still in excess of 1 |xg/ml and that a 400-mg dose produced a 
mean peak of 3.85 |xg/ml. In addition, cefixime differed from 
other oral cephalosporins in having a serum half-life of 3 h 
(more than three times that of cefaclor and cephalexin) (1). 
Animal studies have suggested that considerable tubular 
reabsorption and serum protein binding are responsible for 
the prolongation of half-life (11) and that the low urinary 
recovery rate of cefixime is due to poor intestinal absorption 
and not to metabolism (10).

O n  the basis of in vitro susceptibility testing and what is 
known about the pharmacokinetics of this agent, it appears 
that cefixime is likely to be suitable for the treatment of 
noninvasive H . influenzae infections whether or not the 
organism responsible produces p-lactamase. More informa
tion from clinical trials is needed before it can be confidently 
described as possessing in vivo activity superior to those of 
other p-lactams available for oral use despite its marked 
P-lactamase stability. Its efficacy in infections caused by

organisms for which MICs are at the upper end of the 
observed range will be of particular interest. Most of these 
isolates show some degree of intrinsic resistance to ampicil
lin, and a proportion have reduced susceptibility to a wide 
range of (3-lactams. The therapeutic importance of this 
phenomenon depends on the ability of these agents to 
achieve the necessary concentrations for appropriate lengths 
of time at the infected sites.
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Two hundred and fifty-seven ampicillin-resistant clinical isolates of Haemophilus influenzae were tested by 
disk diffusion and M I C  determination for susceptibility to aztreonam, imipenem, and amoxycillin combined 
with clavulanate. The modal MICs and MICs for 50 and 90% of isolates of all three antimicrobial agents for 
the 157 P-lactamase-positive strains did not differ significantly from figures obtained with 2,201 ampicillin- 
susceptible H. influenzae by the same methods. Aztreonam and amoxycillin-clavulanate were less active, as 
reflected by an increase in these parameters, against 38 (3-lactamase-negative isolates requiring > 4  jxg of 
ampicillin per ml for inhibition and 62 strains considered to have an intermediate degree of nonenzymic 
(intrinsic) resistance to ampicillin (zone diameters of <20 m m  with 2-p.g ampicillin disks and MICs of 1 or 2 
pig/ml). There was no detectable difference in imipenem activity against these 100 strains compared with that 
observed against the ampicillin-susceptible group. Of the 24 strains requiring at least 4 |xg of imipenem per ml 
for inhibition, 13 also showed reduced susceptibility to ampicillin (5 P-lactamase-positive and 8 fl-lactamase- 
negative isolates). A  lack of correlation between reduced susceptibility to imipenem and the other P-lactams 
was observed.

The prevalence of (3-lactamase-positive Haemophilus in
fluenzae in the United Kingdom increased significantly be
tween 1977 and 1981 (7, 15) but has changed little in the last 
5 years (16). Studies in several other countries have reported 
that a very high prevalence of such strains is found in some 
areas, with a greater incidence among type b strains (2,4, 8). 
The chemical configurations of the monobactam aztreonam 
and the carbapenem imipenem (/V-formimidoyl thienamycin) 
confer marked stability in the presence of a wide variety of 
3-lactamases (11, 20), while the combination of amoxycillin 
with the p-lactamase inhibitor clavulanic acid protects the 
aminopenicillin from attack by many such enzymes (18).

Studies with all three compounds against p-lactamase- 
producing H. influenzae have suggested that activity is 
retained in the presence of enzyme production (predomi
nantly TEM-1), and several have found that activity is 
reduced to a variable extent against the small numbers of 
3-lactamase-negative strains examined that show non
enzyme-mediated (intrinsic) resistance to ampicillin (6,14).

A  1986 national survey of resistance among clinical iso
lates of H . influenzae (16) provided 100 p-lactamase-negative 
strains that show reduced zone diameters (<20 m m )  with
2-|xg ampicillin disks and that are inhibited by concentrations 
of ampicillin ranging from 1 to 64 (xg/ml. The in vitro 
activities of the p-lactamase-stable compounds against these 
intrinsically resistant isolates were compared with results 
obtained with 157 p-lactamase-positive and 2,201 ampicillin- 
susceptible strains.

M A T E R I A L S  A N D  M E T H O D S
Antibiotics. Standard laboratory powders were obtained 

from Beecham Pharmaceuticals (ampicillin), Merck Sharp &  
D ohme (imipenem), and E. R. Squibb &  Sons (aztreonam). 
Augmentin was supplied as Adatabs (Mast Laboratories) 
containing amoxycillin and clavulanic acid in the ratio 2:1.

* Corresponding author.

Source and identification of isolates. The 2,458 strains were 
collected from 23 United Kingdom clinical laboratories 
during the first 3 months of 1986. Organisms were identified 
as H. influenzae if they were X V  dependent by disk testing 
on nutrient agar (Southern Group Laboratories), C 0 2 
nonrequiring, and porphyrin production test negative (9). 
Strains showing irridescence on Fildes agar were serotyped 
by slide agglutination using antisera from Wellcome Re
agents Ltd.

Susceptibility testing. Strains were grown for 5 h at 37°C in 
nutrient broth containing 5 %  inactivated Fildes extract (Ox- 
oid Ltd.). Dilutions (1/100) were made in peptone water and 
were used (i) for inoculation by swabbing of D S T  (Oxoid) 
agar plates, supplemented with 0.25% (vol/vol) lysed horse 
blood and 10 |xg of N A D  per ml, to which 6-mm disks 
containing 2 p,g of ampicillin, 30 pg of aztreonam, 10 |xg of 
imipenem, and 2 |xg of amoxycillin and 1 |xg of clavulanic 
acid were applied; and (ii) for inoculation by a Denley 
multipoint inoculator (giving an approximate inoculum size 
of 104 CFU) of D S T  agar plates supplemented as described 
above to which doubling dilutions of antibiotics had been 
added to produce final plate concentrations ranging from 256 
to 0.008 |xg of ampicillin per ml, 64 to 0.008 |ig of aztreonam 
per ml, 64 to 0.12 |xg of imipenem per ml, and 256 to 0.12 |xg 
of amoxycillin per ml combined with clavulanic acid in a 2:1 
concentration ratio. Organisms showing ampicillin disk zone 
diameters of <20 m m  were tested against the full range of 
antibiotic concentrations, while those showing zones of ̂ 20 
m m  were tested only against the following ranges: 16 to 
0.008 |xg of aztreonam per ml, 8 to 0.12 |xg of imipenem per 
ml, and 16 to 0.12 |xg of amoxycillin per ml combined with 
clavulanate as described above; and on 2-p.g/ml ampicillin 
plates. All plates were incubated for 18 h at 37°C in an 
atmosphere of 95% air and 5 %  C 0 2.

3-Lactamase detection. Strains showing zones of <20 m m  
and/or for which ampicillin MICs were >2 |xg/ml were tested

1871



1872 POWELL AND WILLIAMS A ntimicrob. A gents C h e m o t h e r .

TABLE 1. Modal and calculated MICs of three 0-lactamase-stable 0-lactams for four groups demarcated by susceptibility to ampicillin

MIC (|*g/ml)fl

Organisms (no. of isolates) Aztreonam Amoxycillin-clavulanate* Imipenem

50% Mode 90% 50% Mode 90% 50% Mode 90%

Ampicillin susceptible (2,201) 0.06 0.06 0.12 0.50 0.50 1.00 1.00 1.00 2.00
0-Lactamase positive (157) 0.06 0.06 0.12 0.50 0.50 1.00 1.00 1.00 2.00
0-Lactamase negative; zone diam, <20 mm; 0.12 0.12 0.50 1.00 1.00 4.00 1.00 1.00 2.00

MIC, 1 or 2 (xg/ml (62)
0-Lactamase negative; MIC, >4 |i.g/ml (38) 0.25 0.50 1.00 4.00 4.00 8.00 1.00 1.00 2.00

a 50% and 90%, MIC for 50 and 90% of isolates, respectively. 
b MICs of amoxycillin.

for 0-lactamase production by iodometric (3) and acido- 
metric (Oxoid 0-lactamase strips) methods.

R E S U L T S
The modal MICs and MICs for 50 and 90% of isolates of 

the three 0-lactamase-stable compounds were clearly very 
similar for the 157 0-lactamase-positive and 2,201 ampicillin- 
susceptible strains (Table 1). (The latter group comprised 
2,169 isolates showing ampicillin zones of >20 m m  and 
MICs of <2 pug/ml and 32 showing zones of 18 or 19 m m  and 
MICs of 0.25 or 0.5 pig/ml.) These M I C  parameters were 
much higher for the amoxycillin-clavulanate combination 
(expressed throughout as the concentration of amoxycillin 
present) and aztreonam but not imipenem against the two 
groups showing intrinsic resistance to ampicillin. Table 2 
shows the distribution of the 257 strains considered to have 
some degree of resistance to ampicillin according to MICs of 
the four agents tested and includes a comparison of the 
0-lactamase-positive and -negative groups.
Isolates with non-enzyme-mediated ampicillin resistance 

accounted for 100% of strains requiring at least 4 |xg of 
amoxycillin-clavulanate per ml, 9 0% of those requiring >0.5 
(jig of aztreonam per ml, and three of the four strains 
requiring concentrations of >8 |xg of imipenem per ml for 
inhibition. However, 13 (54%) of the 24 strains inhibited by 
>4 |xg of imipenem per ml showed ampicillin zone diameters 
of <20 m m ,  of which 5 were 0-lactamase positive and 8 
showed intrinsic resistance.

Of these 24 isolates, 2 (imipenem MICs, 4 and 16 |Jig/ml) 
required at least 0.5 |xg of aztreonam per ml for inhibition; 
both were 0-lactamase negative and inhibited by >4 |xg of 
ampicillin and amoxycillin-clavulanate per ml. The remain
ing 22 isolates in this group were all inhibited by <0.25 |jug of 
aztreonam per ml, and only those with non-0-lactamase-

mediated resistance to ampicillin showed reduced suscepti
bility to amoxycillin-clavulanate.

Of the 66 type b strains, 12 produced 0-lactamase and 6 
were nonproducers of enzyme requiring > 4  |xg of ampicillin 
per ml for inhibition. All type b strains were inhibited by <4 
|xg of imipenem per ml. Four of the six strains showing 
intrinsic resistance to ampicillin were inhibited by >0.5 fig of 
aztreonam per ml, and all six were inhibited by ^4 fig of 
amoxycillin-clavulanate per ml.

The coefficient of correlation between zone sizes and 
MICs was very poor for amoxycillin-clavulanate (r = 
-0.43). There was no correlation for aztreonam (r =  -0.13) 
and imipenem (r - -0.17).

DISCUSSION
As predicted based on the known 0-lactamase stability of 

these three 0-lactams and in agreement with previous stud
ies, no difference in activity was observed against the 
ampicillin-susceptible and 0-lactamase-producing ampicillin- 
resistant groups.

Although clavulanic acid has weak broad-spectrum anti
bacterial activity, its combination with amoxycillin produced 
no enhancement of activity against strains showing intrinsic 
resistance to ampicillin compared with the activity of 
ampicillin alone; 75 %  of isolates in this group were inhibited 
by amoxycillin concentrations (in combination with clavula
nate) equal to or one dilution step from the respective MICs 
of ampicillin. This is in agreement with studies which com
pared in vitro activities of ampicillin and amoxycillin alone 
against 0-lactamase-negative H . influenzae (14). The coeffi
cient of correlation between zone size and M I C  was poor—  
a problem noted by others (21; P. J. Turnei;, Ph.D. thesis, 
University of Aston, Birmingham, England, 1985)— but 
strains requiring >4 fig of amoxycillin-clavulanate per ml for

TABLE 2. Distribution of 157 0-lactamase-positive and 100 0-lactamase-negative isolates showing reduced zones (<20 mm) with 2-pg
ampicillin disks according to MICs of the four 0-lactams tested

Drug 0-Lactamase
No. o f isolates for which MIC (p-g/ml) was as follows:

'0.008 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 >16

Ampicillin + 1 1 5 15 18 117
- 38 24 23 6 9

Amoxycillin-clavulanate" + 33 73 48 3
- 16 28 15 30 9 2

Aztreonam + 8 22 88 35 3 1
- 1 2 2 16 26 23 19 7 3 1

Imipenem + 6 11 31 61 43 5
4 2 27 47 12 5 2 1

8 MICs of amoxycillin.
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inhibition all showed zones of <20 m m  with the combination 
disk.

Aztreonam is highly active in vitro against H. influenzae, 
but concentrations higher than the mode were needed to 
inhibit a proportion of the intrinsically resistant group. Even 
so, for all 2,458 strains tested, MICs were lower than the 
8-fig/ml susceptibility breakpoint previously adopted for 
members of the family Enterobacteriaceae (1). While the 
ampicillin susceptibility breakpoint for members of the En
terobacteriaceae is also 8 |ig/ml, that for Haemophilus spp. 
is 2 fig/ml (13). Extrapolation of this value to aztreonam 
might not be unreasonable but would still exclude only four 
isolates from the susceptible range. O n  the basis of in vitro 
susceptibility testing results and what is known about levels 
achieved in blood and tissues (19), aztreonam appears likely 
to be a suitable agent for the treatment of most H. influenzae 
infections for which parenteral therapy is required.

There was a lack of correlation between reduced suscep
tibility to imipenem and any of the other agents tested. In 
contrast with findings for aztreonam and amoxycillin- 
clavulanate, strains with intrinsic resistance to ampicillin 
accounted for only one third of the 24 isolates requiring >4  
|j.g of imipenem per ml for inhibition. Reduced susceptibility 
to imipenem without cross-resistance to other 0-lactams has 
been described in other species, including Pseudom onas 
aeruginosa, in which it has been suggested that this selec
tivity may be due to the presence of an imipenem-specific 
porin (17) . Findings of this study support a hypothesis that 
changes occur at sites of penetration through the outer 
membrane of H. influenzae which are unique to this mole
cule and confer a degree of resistance (although all but four 
isolates were inhibited by less than the susceptibility 
breakpoint M I C  adopted for clinical trials [10]).

The predictive values of the 10-|Lg imipenem and 30-|xg 
aztreonam disks in relation to the observed MICs of these 
antibiotics are poor. The 2-|xg ampicillin disk has been found 
by others to provide more reliable results than larger-value 
disks for H . influenzae with reduced susceptibility, whether 
or not the resistance was enzyme mediated (12, 22). In 
addition, recently published results comparing discrimina
tion of different disk concentrations of a new cephalosporin 
suggest that 5 or 10 fxg is superior to 30 |xg for many species, 
including H . influenzae (5). Hence, smaller-value disks may 
prove to be more suitable for this species.

Although the prevalence of H . influenzae isolates possess
ing a degree of intrinsic resistance to ampicillin has increased 
in the United Kingdom in the past 5 years, the actual 
numbers remain small (16). The increasing use of 0-lactams 
resistant to enzymic hydrolysis may lead to a greater prev
alence of those organisms among clinical isolates. A  propor
tion will exhibit reduced susceptibility to other 0-lactams 
and may pose considerable therapeutic problems, particu
larly in areas where H. influenzae isolates are frequently 
resistant to the non-0-lactam agents commonly used in 
treatment.
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In-vitro activity of cefaclor, cephalexin and ampicillin against 2458 
clinical isolates of Haemophilus influenzae
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The zone sizes and MICs of ampicillin, cefaclor and cephalexin were determined for 
2458 clinical isolates of Haemophilus influenzae collected in 1986 during a national 
survey of the prevalence of resistance in this species. Cefaclor showed greater in- 
vitro activity than cephalexin against all isolates, with a modal MIC of 4 mg/1 
compared with 8 mg/1. MIC50 values for the 2201 ampicillin-sensitive and 157 
-̂lactamase-positive resistant strains were similar for both cephalosporins, (4 mg/1 

for cefaclor, and 8 mg/1 for cephalexin). A further 100 strains with a reduced zone 
(<20 mm) to a 2 pg ampicillin disc showed a definite (MIC ̂ 4 mg/1) or 
intermediate (MIC 1 or 2 mg/1) degree of intrinsic resistance to ampicillin. Both 
cephalosporins showed a marked and significant rise in MIC values for this group. 
Cefaclor is the more active agent against ampicillin-sensitive and /Mactamase- 
positive H. influenzae but strains with an intrinsic mechanism of resistance to 
ampicillin are markedly less sensitive to both cefaclor and cephalexin.

Introduction

The orally-absorbed cephalosporins, cefaclor and cephalexin, share a similar 
antibacterial spectrum (Preston, 1979). Many studies have shown that cefaclor is 
considerably more active than cephalexin against ampicillin-sensitive and -̂lactamase- 
producing resistant strains of Haemophilus influenzae (Kammer et al., 1975; Bill & 
Washington, 1977; Philpott-Howard & Williams, 1983) although enzymatic hydrolysis 
studies have demonstrated that cefaclor is the better substrate for the TEM-1 enzyme 
type commonly found in this species (Preston, 1979). Ampicillin is still useful as first 
line therapy in non-invasive H. influenzae infections in the U.K., where currently 6*3% 
of all isolates and 18% of type b are /Mactamase-positive, (Powell et al., 1987) but has 
had to be abandoned in parts of Spain (Campos, Garcia-Tornel & Sanfeliu, 1984) and 
the USA (Doern et al., 1986). Orally-absorbed cephalosporins have been used 
increasingly as alternatives for less serious infections especially in areas where there are 
also problems with trimethoprim and sulphamethoxazole resistance.

Ampicillin-resistant /Mactamase-negative isolates have increased in the U.K. from 
0-45% in 1981 (Philpott-Howard & Williams, 1982) to 1-6% in 1986 (Powell et a l, 
1987). The actual numbers remain small but with the introduction and use of more 
/?-lactamase-stable agents, an increasing selection pressure may operate to promote the 
prevalence of these strains. The mechanisms involved have not been fully elucidated 
but are likely to include changes in penicillin binding proteins and/or outer membrane 
proteins (Mendelman et al., 1984; Parr & Bryan, 1984; Serfass et al., 1986) so that
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some of these isolates are likely to show a degree of cross-resistance to other /Mactams. 
The activity of cefaclor and cephalexin against these intrinsically-resistant strains was 
compared with that against ampicillin-sensitive and /Mactamase-positive groups 
collected during a 1986 survey of the prevalence of resistance amongst U.K. clinical 
isolates of H. influenzae.

Materials and methods
Antibiotics

Standard laboratory powders were supplied by Eli Lilly & Co. Ltd (cefaclor and 
cephalexin) and Beecham Pharmaceuticals Ltd (ampicillin).

Identification o f  isolates

Organisms that were X and V dependent (by disc testing on nutrient agar), C 02 non
requiring and porphyrin production test negative (Kilian, 1974) were accepted as 
H. influenzae. Strains showing irridescence on Fildes’ agar were serotyped by slide 
agglutination using antisera from Wellcome Reagents Ltd.

Susceptibility testing

Five hour nutrient broth cultures containing 5% inactivated Fildes’ extract (Oxoid) 
were diluted 1/100 in peptone water for swab inoculation of DST (Oxoid) agar plates 
supplemented with 0*25% lysed blood and 10 mg/1 nicotinamide-adenine dinucleotide 
to which 2 pg ampicillin discs were applied. Doubling dilutions of antibiotics were 
prepared (using pH 4-2 buffer for cefaclor) and mixed with agar supplemented as 
above to produce final plate concentrations ranging from 256 to 0-008 mg/1 for 
ampicillin, 256 to 0-25 mg/1 for cefaclor and 256 to 0-5 mg/1 for cephalexin. A Denley 
multipoint inoculator was used to deliver 0-003 ml volumes (approximately 104 cfu) of 
organism suspensions prepared in peptone water as above to the agar surface. All 
organisms were tested against the full range of cephalosporin concentrations but those 
with zones ̂  20 mm to the ampicillin disc were tested only on 2 mg/1 ampicillin plates. 
All plates were incubated for 18 h at 37° in 95% air and 5% C 02.

Detection o f  P-lactamase

All strains with zones < 20 mm to the ampicillin disc were tested for /Mactamase 
production by an acidometric method using Oxoid /Mactamase strips and an 
iodometric method (Catlin, 1975).

Results

Two thousand two hundred and one strains were considered to be ampicillin-sensitive, 
of which 32 had a zone of <20 mm but were inhibited by 0-5 or 0-25 mg/1 ampicillin 
while 2169 had a zone of ^20 mm and failed to grow on a 2 mg/1 ampicillin plate. 195 
(7-9%) strains were classified as ampicillin-resistant, of which 157 (6-3%) produced 
/Mactamase and 38 (1-6%) were /Mactamase-negative with a reduced zone on disc 
testing requiring ^4 mg/1 ampicillin for inhibition. A further 62 (2-5%) non-producers
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Table I. Distribution of MIC values for cephalexin and cefaclor of four groups delineated by
response to ampicillin

Group ^0-25 0-5 1 2 4 8 16 32 64 128 Total

Amp-S

Cefaclor 10 42 167 698 1010 250 20 3 1
Cephalexin 7 3 31 249 1071 604 214 18 4 2201

Amp-R /Mac +
zone < 20 mm
MIC ̂ 2 mg/1

Cefaclor 1 4 43 71 35 3
Cephalexin 1 5 20 58 41 20 10 2 157

Amp-R /Mac-
zone < 20 mm
MIC 1 or 2 mg/1

Cefaclor 2 15 20 19 5 1
Cephalexin 1 13 21 10 10 7 62

Amp-R /Mac-
zone<20 mm
MIC ̂ 4 mg/1

Cefaclor 1 4 11 16 6
Cephalexin 5 17 3 9 4 38

Amp, Ampicillin; /Mac, /Mactamase

of enzyme with a reduced zone required 1 or 2 mg/1 ampicillin for inhibition—an 
intermediate level of intrinsic resistance.

Table I shows the distribution of MIC values for cefaclor and cephalexin for four 
groups of strains delineated by their suceptibility to ampicillin. The modal MIC values 
of cefaclor and cephalexin for all 2458 isolates were 4 and 8 mg/1 respectively. From 
Table I I  it is clear that the M IC50 and M IC90 values for the individual cephalosporins 
were the same for the /Mactamase-positive and ampicillin-sensitive groups.

An increase in these parameters was seen for both antibiotics in the two groups 
which showed intrinsic resistance to ampicillin.

Table II. Model MIC, MIC50 and MIC90 of cephalexin and cefaclor for H. influenzae in relation
to sensitivity to ampicillin

Modal MIC (mg/1) 
cefaclor cephalexin

m ic 50
cefaclor

(mg/1)
cephalexin

m ic 90
cefaclor

(mg/1)
cephalexin

Amp-S 4 8 4 8 8 32
/Mac + 4 8 4 8 8 32
/Mac- 

MIC 1 or 2 mg/1 
zone <20 mm 8 16 8 16 16 128

/Mac-
MIC^4mg/l 16 16 16 16 32 128

Amp, Ampicillin; /Mac, /Mactamase.
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Twelve of the 16 strains inhibited by ^32 mg/1 cefaclor were in the intrinsically- 
resistant groups (six inhibited by >4 mg/1 ampicillin and six by 1 or 2 mg/1. Two of the 
remaining four strains had zones of 20 mm on disc testing and one had a zone of 
18 mm. Thirty of the 64 strains inhibited by concentrations of cephalexin three or 
more doubling dilutions above the mode (i.e. ^64 mg/1) were in the intrinsically- 
resistant groups (13 inhibited by ^4 mg/1 ampicillin and 17 by 1-2 mg/1). Thirteen of 
the remaining 34 strains were /Mactamase-positive and ten were /Mactamase-negative 
with zones to the ampicillin disc of < 20 mm.

Discussion

In agreement with the studies quoted and many others published, our 2458 survey 
isolates are generally more susceptible to cefaclor than cephalexin when tested in vitro. 
Cefaclor’s activity is maintained against /Mactamase-positive isolates whereas there is a 
significant rise in MICs of cephalexin for this group when compared with the 
ampicillin-sensitive strains. This study has shown a definite reduction in the activity of 
both cephalosporins against strains with an intrinsic mechanism of resistance to 
ampicillin.

Only 22% of strains showing intrinsic resistance to ampicillin were inhibited by 
^4 mg/1 cefaclor (the modal MIC) compared with 87% of ampicillin-sensitive and 
76% /Mactamase-positive isolates. This compares with 61% of ampicillin sensitive and 
54% of /Mactamase positive but only 19% of intrinsically-resistant isolates which were 
inhibited at the modal MIC of cephalexin. Therefore only one-fifth of isolates showing 
non-/Mactamase mediated resistance to ampicillin are inhibited by the modal MICs of 
the two cephalosporins. The spectrum of susceptibility shown by this group is 
probably a reflection of the multifactorial mechanisms probably involved in the 
expression of intrinsic resistance.

In-vitro susceptibility testing of H. influenzae to cefaclor is known to be highly 
dependent upon methodology used (Neu & Fu, 1978). Information gathered by other 
workers on the extrapolation of in-vitro activity of cefaclor to likely clinical outcome 
suggests that it is a suitable agent for the treatment of most non-invasive H. influenzae 
infections due to ampicillin-sensitive or /Mactamase-producing-resistant isolates and 
has superior activity against both groups when compared with cephalexin (Preston,
1979). However, it is unlikely to retain useful activity against strains with intrinsic 
resistance to ampicillin. Such isolates are still uncommon in the United Kingdom but 
the increasing use of /Mactamase-stable penicillins and cephalosporins is likely to exert 
a selection pressure promoting a rise in the prevalence of these strains in the near 
future.

k
Acknowledgements

M. Powell Vas supported by IC I (Pharmaceuticals). The authors wish to thank Miss 
A. Seymour for her technical help and the following for their participation in the 
survey: Dr T. M. S. Reid, Aberdeen; Dr R. E. T. McGill, Ayr; Dr W. D. White, 
Barking; Dr R. Wise, Birmingham; Dr D. S. Reeves, Bristol; Dr J. D. Gould, 
Edinburgh; Dr M. H. Robertson, Epping; Dr R. J. Fallon, Glasgow; Dr D. A. Leigh, 
High Wycombe; Dr A. B. White, Inverness; Dr C. A. Bartzokas, Liverpool; Dr N. A. 
Simmons, Guy’s Hospital, London; Prof. I. Phillips, St. Thomas’ Hospital, London;



H. influenzae antibiotic sensitivity 31

Dr R. Gruneberg, University College Hospital, London; Prof. J. D. Williams, The 
London Hospital Medical College; Dr R. M. Stirland, Manchester; Dr A. E. Wright, 
Newcastle-on-Tyne; Dr M. J. Lewis, Nottingham; Dr P. J. Wilkinson, Plymouth; O. 
A. Okubadejo, Portsmouth; Dr L. Ganguli, Salford; Dr T. D. Brogan, Stockport; Dr
A. W. Anderson, York.

References

Bill, N. J. & Washington, J. A. (1977). Comparison of in vitro activity of cephalexin, cephradine 
and cefaclor. Antimicrobial Agents and Chemotherapy 11, 470-4.

Campos, J., Garcia-Tornel, S. & Sanfeliu, L. (1984). Susceptibility studies of multiply resistant 
Haemophilus influenzae isolated from pediatric patients and contacts. Antimicrobial Agents 
and Chemotherapy 25, 706-9.

Catlin, B. W. (1975). Iodometric detection of Haemophilus influenzae beta-lactamase: Rapid 
presumptive test for ampicillin resistance. Antimicrobial Agents and Chemotherapy 7, 
265-70.

Doern, G. V., Jorgensen, J. H., Thornsberry, C. & Preston, D. A. (1986). Prevalence of 
antimicrobial resistance among clinical isolates of Haemophilus influenzae: a collaborative 
study. Diagnostic Microbiology and Infectious Diseases 4, 95-107.

Kammer, R. B., Preston, D. A., Turner, J. R. & Hawley, L. C. (1975). Rapid detection of 
ampicillin-resistant Haemophilus influenzae and their susceptibility to sixteen antibiotics. 
Antimicrobial Agents and Chemotherapy 8, 91-4.

Kilian, M. (1974). A rapid method for the differentiation of Haemophilus strains: the porphyrin 
test Acta flathologica et Microbiologica Scandinavica, Sect. B 82, 835-42.

Mendelman, P. M., Chaffin, D. O., Stull, T. L., Ruben, C. E., Mack, K. D. & Smith, A. L. 
(1984). Characterization of non-/Mactamase-mediated ampicillin resistance in Haemophilus 
influenzae. Antimicrobial Agents and Chemotherapy 26, 235-44.

Neu, H. C. & Fu, K. P. (1978). Cefaclor: In vitro spectrum of activity and beta-lactamase 
stability. Antimicrobial Agents and Chemotherapy 13, 584-8.

Parr, T. R. & Bryan, L. E. (1984). Mechanism of resistance of an ampicillin-resistant, 
/Mactamase-negative clinical isolate of Haemophilus influenzae type b to /Mactam 
antibiotics. Antimicrobial Agents and Chemotherapy 25, 747-53.

Philpott-Howard, J. & Williams, J. D. (1983). Activity of cephalosporin antibiotics against 
Heaemophilus influenzae. Scandinavian Journal o f Infectious Diseases, Suppl. 39, 109-11.

Philpott-Howard, J. & Williams, J. D. (1982). Increase in antibiotic resistance in Haemophilus 
influenzae in the United Kingdom since 1977: report of study group. British Medical Journal 
284, 1597-601.

Powell, M., Koutsia-Carouzou, C., Voutsinas, D., Seymour, A. & Williams, J. D. (1987). 
Resistance of clinical isolates of Haemophilus influenzae in United Kingdom 1986. British 
Medical Journal 295, 176-9.

Preston, D. A. (1979). Summary of laboratory studies on the antibacterial activity of cefaclor. 
Postgraduate Medical Journal 55, Suppl. 4, 22-9.

Serfass, D. A., Mendelman, P. M., Chaffin, D. O. & Needham, C. A. (1986). Ampicillin 
resistance and penicillin-binding proteins of Haemophilus influenzae influenzae. Journal o f 
General Microbiology 132, 2855-61.

{Received 6 April 1987; revised version accepted 25 August 1987)



Copyright © 1988 Journal o f Clinical Pathology
All rights of reproduction of this reprint are reserved in all countries of the world

Detection of ampicillin resistant Haemophilus 
influenzae in United Kingdom laboratories

M POWELL, JD WILLIAMS

British Medical Association, Tavistock Square, Lo n d o n  W C 1 H  9JR



J  Clin Pathol 1988;41:716-719

Detection of ampicillin resistant Haemophilus 
influenzae in United Kingdom laboratories
M POWELL, JD WILLIAMS
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s u m m a r y  Susceptibility of Haemophilus influenzae clinical isolates to ampicillin reported by 23 
laboratories, using a variety of methods, was compared with results obtained following retesting at 
The London Hospital Medical College. Beta lactamase production was not detected on initial 
isolation in 25 of 157 isolates (16%) found to be positive on retest. One hundred j? lactamase negative 
isolates, which gave reduced zone diameters (<20 mm) around 2 fig discs and required 1-64 mg/1 
ampicillin for inhibition, were detected at The London Hospital. Eighty five of these had been 
reported as sensitive to ampicillin by the laboratories of origin. Many of these 100 isolates showed 
reduced susceptibility to other f$ lactam antibiotics.

Accurate detection of non-enzymic reduced susceptibility to ampicillin may emerge as an 
important guide to the likely sensitivity of H  influenzae isolates to the enzyme stable j? lactams.

The prevalence of j8 lactamase production among 
United Kingdom clinical laboratory isolates of 
Haemophilus influenzae increased from 1-6% in 1977' 
to 5-8% in 1981.2 Following the third similar survey 
conducted by this department in 1986 we reported that 
the prevalence of /? lactamase production had 
remained stable at 6-2% overall.3 In contrast, /? 
lactamase negative H  influenzae, which showed 
reduced susceptibility to ampicillin, increased in 
prevalence during the five years between 1981 and 
1986. Data on /f lactam susceptibility were available 
for 2458 isolates collected in 1986. One hundred (4%) 
of these showed zone diameters of < 20 mm to 2 pg 
ampicillin discs and required between 1 and 64 mg/1 
ampicillin for inhibition of growth compared with 39 
(2%) similar isolates among the 1841 collected in 1981.

Details of the susceptibility testing methods used by 
the 23 laboratories that participated in the 1986 
United Kingdom survey of resistance among clinical 
isolates of H influenzae were obtained. The prevalence 
of ft lactamase-mediated and non-enzymic resistance 
to ampicillin among the survey isolates, as reported by 
the centres of origin, were compared with our own 
results following retesting by the methods used in all 
three surveys.

Material and methods

The following methods were used for retesting at The 
London Hospital.

DISC D IFFU SIO N  TESTING
Five hour broth cultures (nutrient broth with 5% (v/v) 
inactivated Fildes’ supplement) were diluted 1/100 in 
peptone water for swab inoculation of DST (Oxoid) 
agar plates supplemented with 0-25% (v/v) lysed horse 
blood and 10 mg/1 NAD. Ampicillin discs (2 pg) were 
applied.

MINIMUM IN H IBITO R Y  C O N CENTR ATIO N  (M IC ) 
DETERM INATIONS

The diluted suspension was also used for Denley 
multipoint inoculation (about 104 cfu/spot) of the 
same agar, containing doubling dilutions of ampicillin 
(ranging from 256-0-008 mg/1 for isolates giving 
reduced zone diameters (< 20 mm) on disc testing, and 
2 mg/1 for those with zone diameters of ^ 20 mm). All 
plates were incubated in 5% carbon dioxide and 95% 
air for 18 hours at 37°C.

DETECTION OF /? LACTAMASE
Isolates producing reduced zone diameters and those 
reported as ampicillin resistant by the laboratories of 
origin were tested for p lactamase production by both 
acidometric (Oxoid (3 lactamase strips) and 
iodometric4 methods.

Details of methods used in the external laboratories 
were collected at the start of the survey by means of 
questionnaires.

Results

Accepted for publication 3 March 1988 The two methods of fi lactamase detection used at The
716
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London Hospital (acidometric and iodometric) 
showed 100% agreement in detecting 157 positive 
isolates. Beta lactamase production was not reported 
by external laboratories in 25 of these, 12 of which had 
been reported as ampicillin resistant and /J lactamase 
negative. Eleven of the 13 originally reported as 
ampicillin sensitive had not been tested for enzyme 
production because they had been considered to be 
sensitive on disc testing according to criteria adopted 
by the laboratory of origin. The remaining 14 had been 
tested but /? lactamase was not detected. Discrepancies 
between The London Hospital and external 
laboratory results are summarised in table 1.

Table 2 shows the correlation between the failure of 
p lactamase detection and any one method used. The 
numbers tested are too small for definite conclusions 
to be drawn, but the acidometric test detected 93% of 
isolates producing /J lactamase compared with 86% 
detected by chromogenic cephalosporin methods. 
Beta lactamase was not found at The London Hospital 
in two isolates originally reported as positive; both 
showed reduced susceptibility to ampicillin and to 
augmentin (amoxycillin and clavulanic acid), indicat
ing the presence of non-enzyme-mediated resistance.

There was a pronounced discrepancy between The 
London Hospital and the reporting centres in the 
recognition of the 100 P lactamase negative isolates 
considered to have reduced susceptibility to ampicillin 
on retesting. Eighty five of these had been reported as

ampicillin sensitive by the laboratory of origin, of 
which 26 originated from centres which performed a ft 
lactamase test without disc testing on non-invasive H  
influenzae. Of the remaining 59 isolates, 38 were from 
laboratories using 5 or 10 pg ampicillin discs and 21 
came from laboratories using 2 pg discs. The 15 which 
had been reported as resistant included eight from 
centres using lOpg discs, and five from those using 2 pg 
discs, together with the two isolates originally thought 
to be p lactamase positive.

Table 3 summarises the different susceptibility test
ing methods in use by the participants. The media and 
disc sizes used differed greatly between participating 
laboratories so that no conclusions could be drawn 
regarding their influence on the detection of reduced 
susceptibility. Information collected on preparation 
and estimation of inoculum size and methods of 
interpretation were so variable that no two 
laboratories followed identical criteria.

Discussion

Agreement between external laboratories and The 
London Hospital on the presence of p lactamase 
increased from 73% (77 of 105 isolates) in 19815 to 
84% (132 of 157 isolates) in 1986.3 In contrast, 85 of 
the 100 isolates considered to possess some degree of 
non-enzymic (intrinsic) ampicillin resistance after 
retesting had been reported as ampicillin sensitive by

Table 1 Comparison o f  London H ospital results with susceptibility reported by external laboratories

Result at external laboratory

Result at the 
London Hospital

Ampicillin
sensitive

P lactamase 
positive

Ampicillin 
resistant plus 
P lactamase 
negative

Percentage
correlation

Beta lactamase positive (n =  157) 13 132* 12 84
Ampicillin resistant (MIC ampicillin ^ 4  mg/1), /? 26 1 11* 29

lactamase negative (n = 38)
Intermediate ampicillin resistance (MIC ampicillin 1 or 59 1 2* 3

2 mg/I), P lactamase negative (n = 62)

*In agreement with London Hospital result.

Table 2 Methods in use fo r  detection o f  p lactamase by participating laboratories

Total No o f P Overall correlation
No of P lactamase No tested but lactamase producers with London

Method No of Laboratories producers detected reported negative missed Hospital results (% )

Acidometric (strip) 8 68 5 7 91
Acidometric (tube) 1 21 2 2 91
Nitrocefin 9 33 5 11 75
Chromogenic cephalosporin 5 10 2 5 67
discs
Total 23 132 14 25 84
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Table 3 M edia and discs in use by  participating laboratories and correlation with detection o f  non-enzymic reduced 
susceptibility

Medium and disc No o f laboratories
Reported sensitive by 
external laboratory

Reported to agree with 
London Hospital results

Reported as ft lactamase 
positive by external laboratory

Chocolate agar (2 /ig) 
Chocolate agar (10 yg)

2
3

1
20 3

Isosensitest agar with 
chocolated blood or lysed 
blood ±  NAD (2 yg) 

Isosensitest agar with

3*

3

3

7 1
chocolated blood or lysed 
blood ±  NAD (5 or 10 yg) 

Sensitest agar with 5% lysed 2 2 1
blood and 10 mg/1 NAD  
(2yg)

DST with chocolated blood or 5* 11 1
lysed blood (5-10%) and 10 
mg/1 N A D  (2 yg)

DST with chocolated blood or 2 11 4 1
lysed blood (5-10%) and 10 
mg/1 NAD (10 yg)

MAST SAT with isovitalex and 
haemin (2 yg)

P lactamase test without disc

1

2

4

26 1
test on non-invasive isolates

23 85 13 2

* Number includes one laboratory incubating plates in air. All others used an atmosphere o f 5% carbon dioxide and 95% air.

the laboratory of origin. This large discrepancy poses 
the question as to whether the degree of resistance 
detected at The London Hospital was real or due to 
adoption of inappropriate parameters for assessment 
of resistance.

Evidence that these small changes in apparent 
susceptibility to ampicillin are important has been 
provided by results of determining the in vitro activity 
of other jS lactam antibiotics. The agents studied at 
The London Hospital included cefaclor,6 aztreonam, 
and amoxycillin combined with clavulanate.7 Thirty 
one (82%) of the 38 isolates which required ^4 mg/1 
ampicillin for inhibition and 33 (53%) of the 62 
inhibited by 1 or 2 mg/1 showed reduced suscep
tibility—that is, an MIC of > three doubling dilutions 
above the mode for ampicillin sensitive and ft lac
tamase positive groups—to at least one, and often 
several, of these other antimicrobial agents. Only 1 % 
of ampicillin sensitive and /J lactamase producing 
isolates showed a similar reduction in susceptibility to 
one or more of these ft lactams.

The three United Kingdom surveys conducted by 
this department used identical methods for disc 
diffusion susceptibility testing, MIC determination, 
and interpretation. Williams and Kattan8 described 
the merits of a 2 pg disc applied to the medium used in 
the surveys and showed a correlation between zone 
sizes less than 20 mm and MICs of ̂  1 mg/1 ampicillin. 
They also showed a definite inoculum effect on the 
apparent sensitivity of isolates posessing intrinsic 
resistance to ampicillin. Mendelman et al reported that 
the correlation between MIC and zone size was

improved by using an inoculum size of 103 or 104 rather 
than 105 for MIC determination by agar dilution and 
that a 2pg disc was far superior at detecting reduced 
susceptibility among /? lactamase negative isolates, 
irrespective of the medium (supplemented brain heart 
infusion, chocolate or Mueller-Hinton chocolate 
agars) used.9 More recently, Doern et al have shown 
that with an inoculum size of 105 cfu, MIC values using 
a broth dilution method correlated better with zone 
sizes with 2 or 10 pg discs when supplemented Mueller- 
Hinton agar was substituted for chocolate agar.10

Clearly there are several important variables to be 
considered when determining susceptibility by disc 
testing or MIC determination. Nevertheless, we con
sider that zone sizes of < 20 mm have proved to be a 
useful indicator of reduced susceptibility to /? lactams 
despite the relatively low ampicillin MIC values 
obtained from 62 isolates (36 requiring 1 mg/1 and 26 
requiring 2 mg/1 ampicillin for inhibition). The 
relatively heavy inoculum on the plate (about 106 cfu) 
compared with the 104 cfu/spot used for MIC deter
mination may partly explain the phenomenon.

Despite wide recognition of the problems and many 
published recommendations supporting the use of low 
value discs and careful control of inoculum size, the 
information gathered during the course of this survey 
suggests that many United Kingdom laboratories 
have not adapted their methods for susceptibility 
testing of H  influenzae. During the collection period, H  
influenzae isolates were collected consecutively and 
underwent laboratory susceptibility testing as part of 
the routine clinical workload without any special
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attention paid to them. As a result, the results reported 
on the survey forms are probably a much more 
accurate reflection of routine methods than those 
obtained from studies where isolates were distributed 
to laboratories with a specific request for assessment of 
susceptibility. The ampicillin-resistant p lactamase 
negative H influenzae distributed in such studies have 
also commonly been those requiring more than 4 mg/1 
ampicillin for inhibition and which produce an easily 
detectable reduction in zone diameter. These factors 
probably explain the much better rates of detection of 
non-lactamase mediated ampicillin resistance repor
ted by studies which have followed these lines of 
investigation.11

Ninety three of the 100 p lactamase negative isolates 
with reduced jS lactam susceptibility, including nine of 
capsule type b, were isolated from respiratory tract 
specimens and none came from cases of invasive 
disease. Invasive infections due to type b isolates with 
this type of resistance have been reported sporadically. 
Markowitz12 and Offit et aP each reported a case of 
meningitis with septicaemia due to intrinsically resis
tant type b isolates. There is no evidence currently 
available to suggest that such resistance is accompan
ied by reduced virulence and prediction of the reduced 
susceptibility to these agents shown by many isolates 
which possess non-lactamase-mediated resistance to 
ampicillin may prove to be of major therapeutic 
importance. Investigations into the resistance 
mechanisms involved have produced variable results 
and wide genetic diversity within the group have been 
reported.14 The variable susceptibility shown to other 
P lactams undoubtedly reflects these factors.

This study suggests that the extreme variety of 
methods currently used in United Kingdom 
laboratories for assessing susceptibility of H influenzae 
to ampicillin fail to identify most of these isolates. 
MIC determination using a standard inoculum of 104 
cfu/spot will not always indicate this type of resistance 
while disc testing may be more sensitive if sufficient 
inoculum is placed on the plate, 2 pg discs are used, 
and interpretative criteria use precise zone 
measurement. The variable susceptibility shown by 
these isolates to ampicillin and other p lactams may 
correlate with the mechanisms responsible and give 
rise to major difficulties of detection when the degree 
of reduced susceptibility is not pronounced.
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Mechanisms of chloramphenicol resistance in 
Haemophilus influenzae in the United Kingdom

r
MAIR POWELL and D. M. LIVERMORE

Department of Medical Microbiology, The London Hospital Medical College, Turner Street, London E l 2AD

Summary. Of 2458 isolates of Haemophilus influenzae examined in a recent British 
survey, 42 were'resistant to chloramphenicol. Two resistant isolates were of type b 
and 40 were non-capsulate. Spectrophotometric assay showed that all the resistant 
isolates produced chloramphenicol acetyltransferase (CAT). CAT activity did not 
increase following growth on heated blood agar containing chloramphenicol 2 mg/L 
but was reduced by 84-98% when extracts were treated for 30min with 5', 5'- 
dithiobis-2-nitrobenzoate. These data suggest that H. influenzae CATs resemble the 
Type-II CATs produced by enterobacteria. Extrachromosomal DNA was detected in 
five only of the 42 resistant isolates and cured derivatives of two plasmid-containing 
strains retained their chloramphenicol resistance. These results suggest that the CAT 
gene is located on the chromosome.

Introduction
Chloramphenicol-resistant strains of Haemophi

lus influenzae are uncommon in the United King
dom and accounted for 19 (1-0%) only of 1841 
isolates examined during a multi-centre British 
survey in 1981 (Philpott-Howard and Williams, 
1982) and for 42 (1*7%) of 2458 isolates examined 
during a similar survey in 1986 (Powell et al., 1987). 
All the resistant isolates from the earlier survey 
were shown by bioassay (Manten et al., 1976) to 
inactivate chloramphenicol and it was inferred that 
they produced chloramphenicol acetyltransferase 
(CAT; E.C. 2.3.1.28). Production of CAT by 
chloramphenicol-resistant H. influenzae has been 
observed by several other workers (Roberts et al., 
1980; Azemun e ta i, 1981). In some cases, the genes 
coding for the enzyme were plasmid-bome (Roberts 
and Smith, 1980) but in others the genes had been 
integrated into the chromosome (Mendelman et al., 
1984).

Roberts et al. (1982) examined CAT-producing 
isolates of H. influenzae from Canada, France, The 
Netherlands, Thailand and the USA and detected 
enzymes that were biochemically similar to the 
Type-II CATs of enterobacteria, i.e., they were 
inhibited by 5',5'-dithiobis-2-nitrobenzoate 
(DTNB). Strains of H. influenzae producing CAT 
similar to the DTNB-resistant Type-I and -III 
CATs of enterobacteria have not been reported. 
Recently, however, non-enzymatic chlorampheni-

Received 26 Nov. 1987; accepted 18 Feb. 1988.

col resistance has been observed in H. influenzae 
isolates from the USA, apparently associated with 
the loss of an outer-membrane protein of 
mol. wt 40 000 (Burns et al., 1985).

In the present study the biochemical mechanism 
and genetic basis of chloramphenicol resistance of 
H. influenzae isolates collected during the 1986 
antibiotic resistance survey in the UK (Powell et 
al., 1987) have been examined.

Materials and methods

Strains

Identification of species, antibiotic sensitivity testing 
and serotyping were done as described by Powell et al. 
(1987). Forty-two isolates of H. influenzae from thesurvey, 
including two of type b, were classified as chlorampheni
col-resistant, i.e., the MIC for these strains was 
>4 mg/L or the zone of inhibition produced by a 10-/rg 
chloramphenicol disk (Oxoid) was <20 mm diameter in 
tests on DST Agar (Oxoid) supplemented with lysed 
blood 0-25% v/v and nicotinamide adenine dinucleotide 
(NAD) (10 mg/L) (BDH, Poole, Dorset). The results with 
30 isolates fulfilled both criteria; ten were considered to 
be resistant on the basis of MIC values alone and two 
from the results of disk tests alone. Three chlorampheni
col-sensitive isolates for which the inhibition zone 
diameter was ^ 30 mm and MIC of chloramphenicol was 
<0-25 mg/L were included as controls.

The 42 resistant isolates were obtained from laborato
ries in Aberdeen (1), Birmingham (2), Bristol (5), 
Inverness (1), Liverpool (8), London (8), Manchester (1), 
Newcastle-upon-Tyne (4), Nottingham (7), Plymouth (3) 
and Portsmouth (2).
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All the chloramphenicol-resistant isolates were resist
ant also to tetracycline (zone <20 mm with a 10-fig disk 
and MIC ^ 4 mg/L). Thirteen isolates, including one of 
the type-b strains, produced /Mactamase. Two chloram
phenicol-resistant /Mactamase-producing strains were 
also resistant to trimethoprim (zone < 20 mm with a 1 *25- 
fig disk and MIC >2 mg/L) and sulphamethoxazole 
{zone < 20 mm with a 100-fig disk and MIC ^ 32 mg/L).

Escherichia coli strain 116, obtained from Dr A. A. 
Said (PhD Thesis, University of London, 1988), contain
ing plasmids of mol. wts 70, 40, 28, 10 and 6 (106), was 
used as a control during determinations of plasmid 
mol. wts. Reference E. coli strains producing CAT of 
types I, II and III were obtained from the National 
Collection of Type Cultures, Colindale, London, (NCTC 
nos. 50055, 50128 and 50022 respectively).

Preparation o f  extracts containing C A T
Organisms grown overnight at 37°C on fresh heated 

blood agar plates with or without chloramphenicol 
2 mg/L in an atmosphere of C02 5% and air 95% were 
suspended in 0-2 M Tris-HCl buffer, pH 8*0, to an optical 
density at 450 nm (OD450) of0*800 (SP 1700 Spectropho
tometer, Pye Unicam Ltd, Cambridge). Each suspension 
was mixed with an equal volume of an alkaline solution 
(pH 8-0) containing 2 m NaCl, 0*02 m EDTA and sodium 
dodecyl sulphate (SDS) 0*1% w/v, and incubated for 1 h 
at 37°C to lyse the cells and release CAT.

Assays o f  C A T activity
The spectrophotometric method of Shaw and Brodsky 

(1968) was used. The reaction mixture, 1 ml in volume, 
contained 0*1 mM acetylcoenzyme A (sodium salt) 
(Sigma), 0*5 mM DTNB (Sigma) and 0-1 mM chloram
phenicol (Parke-Davis and Co., Pontypool, Gwent) in 
0-12 M Tris-HCl buffer, pH 8-0. The reaction was begun 
by adding 100 p\ of cell extract, and the absorbance at 
412 nm was monitored continuously at 37°C in a Pye 
Unicam SP1700 dual beam spectrophotometer linked to 
a chart recorder. The reference cuvette contained the 
same mixture without chloramphenicol.

Enzyme activity was calculated by the method of Shaw 
(1975). One unit was defined as the amount of enzyme 
which acetylated 1 fimol of chloramphenicol/min at 37°C. 
To relate OD to mass, a 10-ml suspension of cells in water 
was adjusted to an OD450 of 0*8, then dried to constant 
weight in a dessicator. An average was taken of three 
dry-weight estimations with each of three strains of H. 
influenzae and used to express CAT activity in units/mg 
dry weight.

To investigate inhibition of CAT by DTNB, 100 fd of 
cell extract was added to each of two cuvettes containing 
0*1 mM acetylcoenzyme A and 0-5 mM DTNB in 1 ml of 
0-12 M Tris-HCl buffer, pH 8*0. After incubation for 
30 min at 37°C, 100 fA of distilled water was added to the 
reference cuvette and 100 fA of ImM chloramphenicol 
solution in distilled water was added to the test cuvette. 
The OD412 was then recorded as described above.

Plasmid extraction and electrophoresis
All the resistant isolates were examined for extrachro- 

mosomal DNA by the method of Kado and Liu (1981). 
Cells were lysed by incubation for 1 h at 56°C in 250 fi\ 
of a solution containing SDS 3% w/v in 50 mM Tris 
adjusted to pH 12*6 by addition of 2m  NaOH. After 
addition of an equal volume of phenol:chloroform 
(1:1 v:v) the solution was emulsified by shaking gently 
and then centrifuged for 10 min at 12 000 g. The upper, 
aqueous, phase was removed and 20 fA was mixed with 
5 fA of bromocresol purple 0*25% in glycerol 50%—0*05 M 
Tris. Samples (12 fA) were then loaded on agarose gels 
0*8% w/v and separated by electrophoresis at 100 V. 
After electrophoresis, the plasmids were stained with 
ethidium bromide and visualised by UV transillumina
tion.

Eight of the strains in which plasmids were not 
detected by this method were further examined by the 
procedures of Meyers et al. (1976) and Bennett et al. 
(1986). In the former, cells were lysed by suspending 
them in a solution of 1 mM EDTA and sucrose 25% w/v 
in 10 mM Tris-acetate, pH 8, for 1 h at 37°C. In the latter, 
a solution of lysozyme 1 mg/ml in 50 mM glucose, 10 mM 
EDTA and 25 mM Tris-HCl, pH 8, was used to lyse the 
cells by exposing them to this mixture for 15 min at room 
temperature. Plasmids extracted by these procedures 
were separated by electrophoresis as described above.

Plasmid curing
Three strains containing single plasmids were grown 

overnight in Brain Heart Infusion Broth (Oxoid) supple
mented with (/L) haemin (Sigma) 10 mg, NAD 10 mg 
and ethidium bromide (Sigma) 3 mg. These cultures were 
subsequently diluted and spread on DST (Oxoid) agar 
containing lysed blood 0*25% v/v and NAD 10 mg/L to 
give single colonies; these were then replica-plated on to 
agar of the same composition but containing chloram
phenicol 2 mg/L.

Results

C A T  activity 

CAT activity was detected in extracts from all 
the resistant strains. Specific activities were in the 
range (9-2 x 10“3)—(1 x 10“ *) units/mg dry weight 
(fig. 1), representing a 10-fold difference between 
the highest and lowest measurements. In contrast, 
activities measured in five separate extracts pre
pared simultaneously from a single culture varied 
by no more than ±10% and activities from three 
sequential overnight cultures of the same strain 
varied by ±  20%. The activities did not correlate 
with either the diameters of the inhibition zones 
around 10-/tg chloramphenicol disks or with the 
MICs for the strains. Extracts of cultures that had
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Fig. 1. Distribution of C A T  activities in extracts from 42 
chloramphenicol-resistant isolates of H . influenzae.

been grown in the presence of chloramphenicol 
2 mg/L contained 40-190% (mean 90%) of the levels 
of specific CAT activity of cultures grown on drug- 
free media (fig. 2). Extracts made from the three 
control chloramphenicol-sensitive strains did not 
contain detectable CAT activity before or after 
attempted induction.

The CAT activity of all the extracts was reduced 
by 84-98% if they were first incubated for 30 min 
with 0*5 m M  DTNB. Extracts incubated for 30 min 
without DTNB retained almost all of their activity, 
and adding 0*1 m M  chloramphenicol to the extract 
mixed with DTNB, in the absence of acetylcoen
zyme A, largely prevented enzyme inactivation by 
DTNB during a 30-min incubation period at 37°C 
(fig. 3). Identical behaviour was observed with 
Type-II CAT from E. coli, whereas the Type-I and 
Type-Ill CATs from E. coli were largely insensitive 
to DTNB (table).
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Fig. 3. C A T  activity in extracts of H. influenzae strain 2976 
under the following conditions: (a) chloramphenicol, acetyl C o A  
and D T N B  were mixed and the reaction was started by addition 
of the enzyme extract; (b) extract, chloramphenicol and D T N B  
were mixed and incubated together for 30 min at 37°C before 
addition of the acetyl CoA; (c) extract, acetyl CoA, and D T N B  
were incubated together for 30 min at 37°C before addition of 
the chloramphenicol. In each case the reaction was monitored 
continuously by spectrophotometry at 412 nm, after addition of 
the last component.

Plasmid profiles and curing

Only five resistant strains contained plasmids 
detectable by the method of Kado and Liu (1981). 
All had mol. wts c. 40 x 106. The strains containing 
plasmids were not more resistant than plasmid-free 
strains; the CAT activities measured in the former 
organisms were scattered within the range observed 
for all the chloramphenicol-resistant H. influenzae. 
Neither of the two additional methods of plasmid 
extraction detected extra-chromosomal DNA in 
the eight strains examined.

When attempts were made to cure three plasmid- 
containing strains with ethidium bromide, chlor
amphenicol-sensitive colonies (MIC ^2 mg/L) 
were not obtained. However, screening of chlor-
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Fig. 2. Comparison of C A T  activities, for each strain, grown on 
heated blood agar with or without chloramphenicol 2 mg/L.

Table. CAT activity of extracts from reference strains 
with and without a 30-min incubation period in the 
presence of DTNB

Strain no. C A T  type

Activity* (u/mg dry weight) of 
extract

with D T N B without D T N B

50055 I 1-9 x 10-2 2-0 x 10-2
50128 II . 3-3 x 10-4 4-0 x 10“3
50022 III 9-4 x 10-2 8-3 x 10'2

* 1 unit acetylated 1 //mol of chloramphenicol/min under the 
defined assay conditions (see Methods).



amphenicol-resistant colonies by the method of 
Kado and Liu (1981) revealed that all six colonies 
of one strain examined and three of six colonies of 
another were plasmid-free while all six colonies of 
a third strain still retained their plasmid. The MICs 
of chloramphenicol, and of tetracycline, trimetho
prim and sulphamethoxazole, were unaltered after 
loss of these plasmids.

Discussion

All the chloramphenicol-resistant isolates pro
duced CAT, their enzymes resembling Type-II 
CATs of the enterobacteria in their level of activity 
and sensitivity to inhibition by DTNB. Other 
workers have reported CAT, similar to the enteric 
Type II, in H. influenzae, H. parainfluenzae and H. 
ducreyi (Roberts et al., 1982, 1985). However, 
detailed analysis by Roberts et al. (1982) showed 
that CATs from H. influenzae differ from enteric 
Type-II CATs in some respects and are heteroge
nous. Zaidenzaig et al. (1979) described a Type-Ill 
CAT in H. parainfluenzae but there have been no 
reports of Types-I or -III CATs in H. influenzae. 
Isolates with intrinsic resistance to chlorampheni
col were not detected in the present study. Such 
isolates have been described by Bums et al. (1985) 
only and there is some suggestion that they may 
have reduced pathogenicity.

Extrachromosomal DNA was not detected in 37 
of the 42 strains examined. This may reflect 
inadequate detection methods (Roberts and Smith,
1980). However, because three different methods 
failed to demonstrate plasmids in eight strains and 
because, in two of the plasmid-carrying strains 
examined, plasmid loss was not accompanied by 
changes in resistance to chloramphenicol or any 
other drug tested, it is likely that the chloramphen
icol resistance genes are carried on the chromosome. 
Evidence from other workers also supports the view 
that integration of resistance determinants into the 
chromosome of H. influenzae is common. Mendel
man et al. (1984), using standard methods, failed to 
detect extrachromosomal DNA in a -̂lactamase- 
producing strain resistant to chloramphenicol and 
tetracycline and in 17 of 27 (over 60%) of its multi- 
resistant transconjugants. Hybridisation experi
ments showed that the resistance determinants 
were carried on the chromosomes of both the donor 
and the 27 transconjugants examined as well as on 
a previously undetected plasmid present in the 
donor strain and in one of the transconjugants. Stuy

(1980) studied 25 apparently plasmid-free isolates 
of H. influenzae with a variety of antibiotic 
resistances and suggested that the genes determin
ing resistance were carried on the chromosome of 
at least 16 because resistance was transferable to 
rec+ recipients only.

The CAT activities of cultures grown in the 
presence of chloramphenicol were in the range 40- 
190% of the activities of cultures grown in the 
absence of the drug (fig. 2). These differences 
exceeded the variation observed (±20%) when 
CAT activity was repeatedly measured in cultures 
grown in the absence of chloramphenicol, appar
ently suggesting that the drug did affect the level of 
detectable enzyme activity. Nonetheless, the effect 
of the drug was inconsistent, with activity increased 
in some strains, but reduced in others. Several 
factors may contribute to this variability. In 
particular, chloramphenicol is a protein synthesis 
inhibitor and may affect CAT synthesis. The results 
provide little evidence to suggest CAT inducibility 
in H. influenzae as with two isolates only did the 
activity of cells grown in the presence of chloram
phenicol exceed that of cells grown in its absence 
by a factor of 1 - 5 or more.

The 10-fold range of CAT activity in extracts 
from different strains was noteworthy, being far 
outside the assay-to-assay variation. Similar varia
tion was noted by Roberts et al. (1980) who 
described a 12-fold range of CAT activity between 
nine chloramphenicol-resistant H. influenzae 
strains. Shaw (1975) described inter-strain differ
ences in the expression of CAT enzymes and 
suggested that this might be due to gene dosage 
effects, particularly if the enzyme was plasmid- 
coded and the copy number varied. Moreover, 
variations in nutrient supply are known to affect 
CAT activity in E. coli. Although this species 
produces CAT constitutively, both cAMP and a 
catabolite activator protein are needed to maintain 
enzyme synthesis (de Crombrugghe et al., 1973). 
Such variables may apply for H. influenzae and may 
account not only for strain-to-strain variations but 
may also be relevant to the effects of exposure to 
chloramphenicol on CAT activity in some strains.

In conclusion, this study of 42 clinical isolates of 
H. influenzae obtained from a large-scale national 
survey over a period of 3 months suggests that 
production of CAT Type II  is the most important 
mechanism of chloramphenicol resistance in the 
UK and supports the view that resistance determi
nants are often integrated into the chromosome in 
this species.
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Distribution and Resistance Patterns of Haemophilus influenzae: 
A European Cooperative Study

K. Machka*, I. Braveny, H. Dabernat, K. Dombusch, E. Van Dyck, F. H. Kayser,
B. Van Klingeren, H. Mittermayer, E. Perea, M. Powell

The first European survey of the prevalence of antibiotic resistance in Haemophilus influen
zae was conducted between February and October 1986. Eighty laboratories in nine countries 
participated (Austria, Belgium, France, FRG, The Netherlands, Spain, Sweden, Switzerland 
and the UK). A total of 1,961 clinical isolates was examined for type b encapsulation, 
beta-lactamase production and susceptibility to ampicillin, chloramphenicol, cefaclor, 
erythromycin and tetracycline, using a unique microdilution method. The proportion of 
isolates resistant to these antibiotics varied considerably between individual countries. The 
highest prevalence of ampicillin resistance was found in Spain (30. 6 %), and the lowest in 
the FRG (1.6%), with a mean value of 10% for all countries. Chloramphenicol resistance 
was highest in Spain (24.9 %) and Belgium (10.9 %) and lowest in The Netherlands (0.6 %) 
and Austria (0.5 %), with a mean value of 4.7 %. Resistance to erythromycin ranged from 
27 % of the isolates in The Netherlands to 1.1 % in Austria. For tetracycline, values ranged 
from 1.5% in the UK to 17.8% in Belgium and 25.4% in Spain. The lowest mean 
prevalence of resistance was observed for cefaclor (breakpoint 8 mg/1): 5 % or less in all 
countries. These inter-country differences could only partially be explained by variations 
in the proportion of type b strains, the source of the isolates and the mode of collection.

In the early 1960s ampicillin became the treatment 
of choice for Haemophilus influenzae meningitis in 
infants and children (1). However, beta-lactamase 
mediated ampicillin resistance was reported as early 
as 1974 (2-4). Since then, ampicillin-resistant 
Haemophilus influenzae strains have been isolated in 
increasing numbers in many countries (5—14). In 
Great Britain, where probably the most extensive 
national surveys in Europe have been carried out, 
resistance has steadily increased. In 1977, the overall 
prevalence of ampicillin resistance was reported to be 
1.6 % (15), rising to 6.2 % in 1981 (6), and to 7.8 % 
in 1986 (16).
While Haemophilus influenzae strains resistant to 
tetracycline were first detected in 1970 (17), the rate 
of emergence of resistance has not been comparable 
to that of ampicillin (5—7, 13—16). Since 1972 there 
have been occasional reports of chloramphenicol- 
resistant type b isolates (18—21).
National studies of antibiotic resistance in Haemo
philus influenzae have been performed in a number of 
European countries. Most have been published in 
local journals not easily accessible to the international 
community. The available reports reveal extremely 
different incidences of antibiotic resistance in the
Institute o f Medical Microbiology, Technical University of 
Munich, Ismaningerstraiie 22, 8000 Munich 80, FRG.

individual countries. Whereas in the FRG in 1979 
(13), in Sweden in 1980 (12) and in Norway in 1983 
(22) ampicillin resistance was uncommon (1.7 %, 3 % 
and 3.6%, respectively), in France between 1981 (23) 
and 1985 (5), ampicillin resistance in meningitis 
isolates rose from 7.5% to 12%. The reported 
prevalence of resistance to chloramphenicol ranged 
from 0.6 %, 1 %, and 1.5 % in Switzerland, Norway 
and the FRG, respectively (24, 22, 13), to 18.2% of 
225 Haemophilus influenzae strains isolated in 
Barcelona, Spain, between 1981 and 1985, which were 
multiply resistant to ampicillin, chloramphenicol and 
other antibiotics (14). The latter study also reported 
that more than 50 % of invasive isolates were resistant 
to both ampicillin and chloramphenicol.
Although the differences may be partly related to 
geographic location, the collection studied varied in 
the portion of encapsulated isolates, number recov
ered from different body sites, and method used to 
determine antibiotic susceptibility. Hence, national 
studies of antibiotic resistance cannot be compared 
without consideration of these factors.
In carrying out a carefully monitored, collaborative 
study of antibiotic resistance in Haemophilus in
fluenzae we attempted to exclude at least one of the 
variables influencing the apparent prevalence of 
resistance. All participating countries used the same 
method for susceptibility testing.



Materials and Methods

Laboratories. The following central laboratories were headed 
by members of the study group: I. Braveny and K. Machka, 
Munich (FRG); H. Dabernat, Toulouse (France); K. Dorn- 
busch, Stockholm (Sweden); E. Van Dyck, Antwerp (Bel
gium); F. H. Kayser, Zurich (Switzerland); B. Van Klingeren, 
Bilthoven (The Netherlands); H. Mittermayer, Linz (Austria); 
E. Perea, Sevilla (Spain); and M. Powell, London (UK).

Study Design. The study group members collected clinical 
isolates of Haemophilus influenzae  from at least four routine 
microbiology laboratories geographically distributed within 
each country between February and October 1986. Table 1 
lists these local laboratories by country. Only one isolate 
per patient was accepted for the study. Each Haemophilus 
isolate sent to one of the central laboratories was accom
panied by a special form providing information on patient 
characteristics such as age and sex, the hospital depart
ment of origin, specimen source and the name of collecting 
laboratory and the country. Further investigations carried 
out were tests for type b encapsulation, beta-lactamase pro
duction and antibiotic susceptibility. Following the addi
tion of this information, the forms were sent to Munich 
along with the “resistant” strains. The criteria for sub
mitting the individual Haem ophilus isolates to Munich 
were beta-lactamase production and/or an MIC > 1 mg/1 of 
ampicillin, > 2 mg/1 of chloramphenicol and tetracycline, 
> 4 mg/1 of erythromycin and > 8 mg/1 of cefaclor. All 
submitted H aemophilus influenzae  isolates were retested in 
Munich to confirm the observed MIC values up to Decem
ber 1986.

Beta-Lactamase D etection. Three alternative methods for 
detecting beta-lactamase production were allowed: a rapid 
acidometric method (25), a chromogenic test using nitro- 
cefin or nitrocefin-impregnated strips (BBL) and a starch- 
hydrolysis test.

Type b Encapsulation. Testing for type b encapsulation was 
performed by the slide agglutination procedure using type b- 
specific antiserum (Difco).

Determ ination o f  A n tib io tic  Susceptibility. All nine study 
centers used the same standardized microdilution method to 
determine the MICs. The test medium came from a single 
batch of ISO-Sensitest broth (Oxoid) adjusted to pH 7.2 and 
supplemented with 0.1 %  N A D  (Merck, FRG), 5 %  defibri- 
nated horse blood and 0.02 %  phenol red (Merck, FRG). The 
inoculum was adjusted to 105 CFU/ml, and isolates were 
incubated at 35— 37°C for 18 h in atmospheric air. The 
microtiter trays were prepared by the manufacturer (Dyna- 
tech, FRG) in one batch and sent frozen to all study centers, 
where they were stored at — 70 °C until used. Antibiotics 
tested were ampicillin, chloramphenicol, cefaclor, erythro
mycin and tetracycline, employing concentrations ranging 
from 0.25 mg/1 to 16 mg/1 for all agents.

Inter-Laboratory R eproducibility. The inter-laboratory re
producibility was determined both before and during the 
period of testing. On each occasion, ten Haemophilus in
fluenzae  reference strains, inhibited by known concen
trations of the test agents, were dispatched from Munich to 
the central laboratory in each individual country. Results of 
MIC determinations were forwarded to Munich and com
pared with the reference values.

Results

A total of 1,961 Haemophilus influenzae isolates 
was suitable for analysis. The number of isolates 
collected in each of the nine, participating countries 
varied from 167 in Switzerland to 368 in Sweden 
(mean number of strains per country = 218).

Encapsulation

Three hundred and seventy-two (19%) Haemophilus 
influenzae isolates were capsule type b, 39 (2 %) were

Table 1: Cities participating in the study listed by country.

Austria Belgium France

Graz Antwerp Liege Aix en Provence Laval Reims
Innsbruck Brugge Mechelen Annecy Le Chesnay Rennes
Linz Brussels Namur Bordeaux Le Mans Rochefort
Vienna Geel Roeselare Clermont Ferrand Longjumeau Romans

Ghent Turnhout Colombes Montpellier Toulouse
leper Venders Compiegne Mulhouse Villeneuve
Kortrijk Waregem Creteil Nantes Vienne
Leuven Lannion Nice

F R G U K The Netherlands Spain Sweden Switzerland

Bielefeld Ayr Amsterdam Barcelona Gothenburg Basel
Essen Edinburgh Enschede Bilbao Huddinge Bern
Freiburg London Heerlen Madrid Malmo Geneva
Kiel Nottingham Leeuwarden Murcia Stockholm Lausanne
Marburg Plymouth Leiden Sevilla Sundsvall Lucerne
Munich Rotterdam Valencia Uppsala Lugano
Offenbach Zurich
Weingarten



Haemophilus parainfluenzae and 1,550 (79%) were 
either non-capsulate or of other capsule types (Table 
2). The proportion of type b strains from each country

Table 2: Distribution of encapsulation among Haemophilus 
influenzae isolates according to country.

Percentage of
H. influenzae H. para

Total serotype influenzae
Country no. b non b

Austria 187 35 60 4
Belgium 202 28 72
France 238 16 84
F R G 248 13 82 5
U K 201 2 98
Netherlands 177 28 72
Spain 173 13 85 2
Sweden 368 14 86
Switzerland 167 31 60 9
Total no. 1961 372 1550 39

1 9 % 7 9 % 2 %

Table 3: Distribution of Haemophilus isolates according to 
the specimen source group.

Percentage of________
H. influenzae H. para-

Specimen 
source group

Total 
No. % b

serotype 
non b

influenzae

Body fluid 287 14 70 29 1
Lower
respiratory tract 749 38 9 88 3
Upper
respiratory tract 487 25 13 85 2
Head 405 21 9 90 1
Skin/tissue 33 2 15 76 9

varied widely: Great Britain collected the lowest 
(2 %) and Austria the highest (35 %). Table 3 shows 
the correlation of type b encapsulation to the 
specimen source group: 70 % of invasive Haemophilus 
influenzae strains were serotype b. Type b encapsula
tion was found considerably less often in isolates 
from all other sites of infection (range 9 % — 15 %).

Specimen Source

Table 4 shows the distribution of Haemophilus iso
lates according to specimen source and country. The 
majority of the strains were isolated from the respira
tory tract, with a mean percentage of 38 % (range 7 %  
— 55 %) from various sites in the lower respiratory tract. Isolates from body fluids such as blood or CSF 
amounted to 15 % (range 2 % - 28 %) of the total. 
The overall percentage of isolates was 12%'(range 
3 % — 26 %). Isolates from skin and tissue were un
common (2 %).

In ter-Labora tory R eproducibility

The results of susceptibility testing of the two batches 
of 10 Haemophilus influenzae reference strains, 
which included several resistant to one or more of the 
antibiotics studied, showed that the various countries 
deviated from each other and from the given values 
by only +/— one dilution step. Since these variations 
are within the limits of accuracy of the method, all 
MICs obtained were considered comparable.

Beta-Lactamase Production

The number and percentage of isolates (type b and 
non-b) producing beta-lactamase reported from each

Table 4: Incidence of Haemophilus isolates according to specimen source group and country.

Specimen source3 Austria Belgium France F R G U K Netherlands Spain Sweden Switzerland Total 
No. %

Body fluid 14 37 50 43 4 44 29 19 47 287 14.6
Lower
respiratory tract 103 106 68 124 93 74 83 26 72 749 38.2
Upper
respiratory tract 32 33 15 38 31 30 32 258 18 487 24.8
Head 36 26 87 36 72 27 27 65 29 405 20.7
Skin/tissue 2 - 18 7 1 2 2 - 1 33 1.7
Total 187 202 238 248 201 177 173 368 167 1961 100.0

aBody fluid = blood, CSF, pleural fluid, other; lower respiratory tract specimens = sputum, transtracheal aspiration, bronchoscopy, 
other; upper respiratory tract = pharynx, nasopharynx, sinus; head = ear, eye, other.



Table 5: Incidence o f beta-lactamase production in Haemophilus spp. according to encapsulation and country

Country Total

no.

Serotype b 
Beta-lactamase 

positive 
No. %

Non-serotype ba 
Total Beta-lactamase 

positive 
no. No. %

Total

no.

Total strains
Beta-lactamase 

positive 
No. %

Austria 65 3 4.6 122 8 6.6 187 11 5.9
Belgium 57 21 36.8 145 33 22.8 202 54 26.7
France 37 6 16.2 201 20 10.0 238 26 10.9
F R G 31 - - 217 4 1.8 248 4 1.6
U K 5 3 60.0 196 14 7.1 201 17 8.5
Netherlands 50 6 12.0 127 6 4.7 177 12 6.8
Spain 22 14 63.6 151 39 25.8 173 53 30.6
Sweden 53 6 11.3 315 21 6.7 368 27 7.3
Switzerland 52 3 5.8 115 7 6.1 167 10 6.0
Total 372 62 16.7 1589 152 9.6 1961 214 10.9

aIncluding Haemophilus parainfluenzae.

of the participating countries are given in Table 5. 
While the overall prevalence of beta-lactamase pro
duction was 11 %, type b strains were more often 
beta-lactamase positive (17 %) than the non type b 
strains (10%). The highest mean frequencies of 
beta-lactamase producing strains were found in Spain 
(31 %) and Belgium (27 %). However, in Spain 64% 
of type b and 26 % of non-type b strains produced 
beta-lactamase, but in Belgium the difference be
tween serotype b (37 %) and non type b (23 %) was 
not as pronounced. The lowest prevalence of such 
isolates was observed in the FRG.
An analysis of the data obtained from regional labora
tories within each country showed that proportional 
prevalence of beta-lactamase producers varied. In 
Spain, percentages of 17 %, 21 %, 24 %, 25 %, 36 % 
and 46 % were reported for Murcia, Bilbao, Madrid, 
Sevilla, Barcelona and Valencia, respectively. Although 
Belgium is a small country, the differences between 
the regional laboratories were much more pronounced: 
in Namur none of the 19 Haemophilus influenzae 
isolates produced beta-lactamase, yet 27 of 53 from 
Brugge were positive. Regional differences in the 
frequency of beta-lactamase production were apparent 
within most of the participating countries but were 
less marked.
Age data were available for 1,691 patients. The fre
quency of beta-lactamase production in the Haemo
philus influenzae isolated from these patients was 
analyzed for the different age groups (see Table 6). 
In general, the prevalence of beta-lactamase produc
tion was higher within isolates from children up to 
15 years of age than in older patients. Since the 
number of isolates in the different age groups by 
country was too small, the data have been distri
buted into two-age groups: <15 years and > 15 
years (Table 7). In the FRG and Austria the oc
currence of beta-lactamase positive strains within 
the two groups was nearly the same. In France 13 %

Table 6: Distribution of beta-lactamase producing Haemo
philus influenzae according to patient age.

Serotype b Non--serotype bb
Agea /3-lactamase /Mactamase

Total positive Total positive
no. No. % no. No. %

0-1 2 _' _ 19 _ _
2-2 161 29 18 339 38 11
3-5 49 5 10 139 20 14
6-10 24 7 29 90 0 10
11-15 6 2 33 27 3 11
16-25 11 1 9 83 7 8
26-50 32 5 16 231 13 6
51-75 39 5 13 338 31 9
> 75 15 2 13 86 3 3

a Age is measured in years except for 0-1 and 2-, which are 
in months.
b Including Haemophilus parainfluenzae.

Table 7: Incidence of beta-lactamase production in relation 
to patient age and to country.

Age <15 years Age >15 years
Country /3-lactamase 0-lactamase

Total positive Total positive
no. No. % no. No. %

Austria 63 4 6 74 4 5
Belgium 70 28 40 102 15 15
France 154 15 10 84 11 13
F R G 83 1 1 131 2 2
U K 39 6 15 90 8 9
Netherlands 69 9 13 81 0 0
Spain 62 25 40 92 19 21
Sweden 246 19 8 90 4 4
Switzerland 70 6 9 91 4 4
Total 856 113 13 835 67 8



of the beta-lactamase producers occurred in adults 
as opposed to 10% in children. All other countries 
showed a higher rate of beta-lactamase producing 
strains in the younger patients. Much of the ob
served difference reflects the relative frequency of 
type b isolates obtained from the two age groups.
Table 8 shows the frequency of beta-lactamase pro
ducing isolates according to the specimens source. 
The number of isolates in the skin/tissue group was 
too small to give useful figures. Beta-lactamase 
production was most common among isolates from 
body fluids (15 %), 70 % of which were type b, and 
lowest among isolates from the head and from the 
upper and lower respiratory tract (9%,'11% and 
10%, respectively), 9% and 13% of which were 
type b.

Resistance

The MICs of all five antibiotics were determined for 
1,961 Haemophilus isolates. The breakpoints between 
susceptibility and resistance were as follows: ampicillin 
2 mg/1, chloramphenicol 2 mg/1, cefaclor 8 mg/1, 
erythromycin 4 mg/1 and tetracycline 2 mg/1. Table 9

Table 8: Incidence of beta-lactamase production among
Haemophilus isolates according to specimen source.

Beta-lactamase
Specimen Total positive
source no. No. %

Body fluid 287 43 15
Lower respiratory tract 749 73 10
Upper respiratory tract 487 54 11
Head 405 38 9
Skin/tissue 33 6 18
Total 1961 214 11

shows the incidence of resistance to the five anti
biotics tested according to serotype of isolates and 
their country of origin. The overall percentage of 
resistance to ampicillin in type b strains was 14 % 
(range 0 % — 64 %), and in non type b isolates 9 % 
(range 2 % — 26 %). The 41 %) in the type b and 5 % 
(range 0 % — 22 %) in the non-type b isolates. For 
tetracycline (range 0 % — 45 %) resistance was found 
among 10 % of type b and 7 % (range 2 % - 22 %) of 
non b Haemophilus strains. The rate of resistance to 
erythromycin was higher in non-type b strains, being 
11 % (range 2% — 32%) versus 6% (range 0% — 
18 %) in type b. The lowest percentage of resistance 
was found for cefaclor, with 1 % (range 0 % — 3 %) in 
type b and 2 % (range 0 % — 4 %) in non type b 
isolates. The distribution of the MICs of ampicillin, 
cefaclor and erythromycin are shown for the in
dividual countries in Figures 1—3. The majority of 
the ampicillin-susceptible Haemophilus influenzae 
were inhibited at concentrations equal or less than 
0.5 mg/1 in all countries (Figure 1). These values are 
at least two dilution steps lower than the breakpoint 
of ampicillin (2 mg/1). The MIC distribution of 
cefaclor was similar in all countries, ranging from 
1 mg/1 to 8 mg/1, with a peak at 2 mg/1 and/or 4 mg/1 
(Figure 2). The proportion of strains showing MICs 
only one dilution step lower than the breakpoint of 
8 mg/1 varied between 1 % (UK) and 25 % (France). 
This difference could be related as well to variations 
in the Haemophilus influenzae population within 
each country as to slight differences in the test 
method. The differences were too small to influence 
significantly the interlaboratory control. The pre
dominant MIC values for erythromycin were 2 mg/1 
and 4 mg/1 (Figure 3). A significant proportion of 
strains were inhibited at a concentration of 8 mg/1 in 
France, The Netherlands and Spain, presumably due 
to slight differences in the method. This results in 
major differences in percentage of resistant strains, 
because the breakpoint for erythromycin is 4 mg/1.

Table 9: Incidence of resistance to ampicillin, chloramphenicol, cefaclor, erythromycin and tetracycline 
among Haomophilus isolates in nine countries.

Percentage of resistance

Country No. Ampicillin Chloram
phenicol Cefaclor Erythro

mycin
Tetra
cycline

b non b b non b b non b b non b b non b

Austria 187 5 7 2 _ 3 1 _ 2 3 6
Belgium 202 26 17 11 11 - 3 2 6 8 18
France 238 16 9 — 4 0 1 3 17 19 9
F R G 248 0 2 0 1 0 1 6 5 0 3
U K 201 20 8 0 2 0 2 0 3 0 2
Netherlands 177 12 7 0 1 0 2 16 32 4 3
Spain 173 64 26 41 22 0 4 18 20 45 22
Sweden 368 11 7 9 1 0 2 4 10 9 2
Switzerland 167 6 7 2 2 0 0 6 12 2 4
Total 14 9 6 5 1 2 6 11 10 7



Table 10: Incidence o f resistance o f  Haemophilus isolates according to the specimen source.

Specimen
source No.

Percentage of resistance
Ampicillin Chloramphenicol Cefaclor Erythromycin Tetracycline

Body fluid 287 13 6 1 5 8
Lower respiratory tract 749 9 5 2 12 8
Upper respiratory tract 487 11 3 1 9 5
Head 405 8 5 2 9 9
Skin/tissue 33 18 9 - 21 12
Total 10 5 2 10 8
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Figure 2: Distribution of the MICs of cefaclor according to country.

The percentage of resistance according to specimen 
source of the isolates is given in Table 10. Only minor 
differences in resistance rates for cefaclor and chlor
amphenicol were observed in the various specimen 
source groups except for the skin/tissue group. The 
latter group was excluded from further evaluation 
differences in resistance rates for cefaclor and chlor
amphenicol were observed in the various specimen 
source groups except for the skin/tissue group. The

latter group was excluded from further evaluation 
due to the small number of isolates. More than 10% 
of strains resistant to ampicillin were recovered from 
body fluid and from the upper respiratory tract and 
12% of those resistant to erythromycin, from _the 
lower respiratory tract.
Multiple resistance occurred in 149 of the 1,961 
Haemophilus isolates, the most common pattern 
being resistance to ampicillin, chloramphenicol and
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Figure 3: Distribution of the MICs of erythromycin according to country.

tetracycline. Ninety-seven of these strains (5 % of 
the total) were resistant to ampicillin, chlorampheni
col and tetracycline. Thirty isolates (1.5%) showed 
ampicillin plus tetracycline resistance and 22 strains 
(1-1 %) chloramphenicol plus tetracycline resistance. 
More than 50 % of the strains resistant to these three

antibiotics were isolated in Spain (44) and in Bel
gium (19). Resistance to both ampicillin and tetra
cycline was higher among type b isolates (2.4 %) 
than among non type b isolates (1.3 %), but other 
resistance patterns did not show a type b: non type b 
differentiation.



Discussion
Similar patterns of resistance in Haemophilus influ
enzae emerged from the data of the participating 
countries. The prevalence of beta-iactamase produc
tion and resistance to erythromycin and tetracycline 
differed according to the predominance of type b or 
non type b Haemophilus influenzae. Resistance to 
ampicillin and tetracycline was found primarily in 
the type b group, and resistance to erythromycin, 
mainly in non-capsulate isolates. Because of the 
different number of type b isolates collected in each 
country, national figures for antibiotic resistance in 
this group could not be reliably compared. Although 
Austria, Belgium, Switzerland and The Netherlands 
collected almost the same total number of type b 
isolates, the incidence of ampicillin resistance never
theless ranged from 5 % to 26%. Seventy percent 
(Table 3) of the isolates from blood or CSF were 
serotype b, thus accounting for their higher percentage 
of ampicillin resistance. An increased prevalence of 
invasive Haemophilus influenzae infections and type 
b encapsulation probably explains the higher rate of 
resistance in isolates from children in nearly all the 
participating countries (Table 7). Hence, the di
stribution of isolates from different age groups in 
each country has probably influenced the national 
resistance figures observed.
However, these considerations can only partly explain 
differences in the prevalence of antibiotic resistance 
both nationally and regionally. The mode of collec
tion of Haemophilus isolates must have influenced 
the figures obtained. Two of the study centres (France 
and Belgium) also function as national Haemophilus 
reference centres, which means they had a high 
number of collaborating laboratories and a relatively 
low number of strains per laboratory. Other partici
pants asked for consecutive isolates without speci
fying source or for consecutive isolates from parti
cular specimen sources. Therefore the mode of selec
tion varied widely between the participants and surely 
influenced our results. However, the prevalence of 
resistance to cefaclor appeared to be independent of 
all these factors, being low (mean = 2 %) in all 
countries. The distribution of the cefaclor MICs 
(Figure 2) demonstrates that many strains showed 
MICs near the breakpoint concentration.
Haemophilus influenzae resistance to ampicillin has 
become a world-wide problem (5-11,14, 28), but in 
many European countries, we and other workers have 
observed a lower incidence than reported in the USA 
in 1985 (7). In the present study resistance to ampicil
lin was most frequently due to beta-lactamase pro
duction, usually a TEM-1-beta-lactamase (1). Whereas 
the number of isolates producing beta-lactamase was 
almost equal to the total number of strains resistant 
to ampicillin, some isolates, especially from Spain, 
Belgium and the UK, lacked beta-lactamase but were

still resistant to ampicillin. This type of resistance has 
been reported to be due toachromosomally mediated 
alteration of the penicillin-binding proteins 3a and 3b 
(26, 27), which would also explain the strains’ di
minished susceptibility to other beta-Iactam anti
biotics (27). Other mechanisms, however, such as 
permeability, may also play a role (27). This intrinsic 
form of resistance occurs more seldom than beta- 
lactamase (7, 28).
Chloramphenicol resistance was higher in Europe 
than in the USA, where a multicentre study reported 
0.6% overall resistance in 1985 (7). The rate of re
sistance to tetracycline in our study was also higher 
than in this multicentre USA study, but the differ
ence was smaller. The percentage of antibiotic re
sistance varied among the individual European 
countries (see Table 9). Our analysis of the results 
from each country with respect to encapsulation, 
patient age and specimen source can only partly ex
plain these differences.
Spain reported the highest prevalence of isolates 
resistant to each of the antibiotics tested except 
cefaclor. In 1984 a high prevalence of resistance was 
reported in a study conducted in Barcelona, Spain, 
between 1981 and 1983 (14). Fifty percent of invasive 
isolates from the region of Catalonia were resistant to 
ampicillin. This figure is comparable to our findings 
for ampicillin resistance (51 %) among all invasive 
isolates in Spain. Most of the resistant strains isolated 
in this country showed resistance to more than one 
antibiotic. High numbers of isolates resistant to ampi
cillin, chloramphenicol and tetracycline were also 
found in Belgium, whereas in Austria, the FRG and 
Switzerland numbers were comparatively low. The 
mechanism of multiple resistance in Haemophilus 
influenzae can be explained by conjugative plasmids 
encoding for resistance to chloramphenicol and tetra
cycline, or chloramphenicol, tetracycline and ampicil
lin (29,30).
The different prescription policies and treatment 
strategies employed in the individual European 
countries might also influence the resistance rates 
and patterns of resistance in Haemophilus influenzae. 
The high incidence of erythromycin resistance found 
in The Netherlands, Spain and-France, especially for 
non-capsulate strains, might be influenced by frequent 
use of erythromycin for respiratory tract infections. 
Ringertz and Kronvall recently reported that the prev
alence of Haemophilus influenzae with reduced sus
ceptibility to erythromycin in Sweden increased be
tween 1980 and 1985 (31). Their analysis of the per
centage of resistance and the consumption of erythro
mycin seemed to indicate that antibiotic consumption 
and resistance were associated. Doem and co-workers 
(7) reported >60% erythromycin resistance in the 
USA, were the drug is used prophylactically for 
respiratory tract infections. As shown in Figure 3 
there were some differences in the distribution of the



MICs of erythromycin among the individual countries. 
The breakpoint for erythromycin fell within the 
distribution of the MICs for the normal population of 
strains. Therefore, differences in the prevalence of 
apparent resistance in the various countries might be 
the result of slight variations in either the test method 
or the strain populations. This might also explain why 
our findings differ from the results reported in the 
USA, since the inoculum recommended by NCCLS 
(32) is larger than the inoculum used in Europe.
In conclusion, many factors have probably influenced 
the prevalence of resistance observed in this study: 
variations in the mode of collection of isolates, the 
proportion of encapsulated strains and the source of 
the original specimens are just a few. However, 
extreme differences between countries are unlikely to 
be entirely due to the above-mentioned factors. The 
occurrence and frequency of conjugative plasmids 
encoding for antibiotic resistance, as well as the 
antibiotic usage both within hospitals and in the 
community may influence the local prevalence 
of resistance to certain antimicrobial agents and may 
account for many of the differences we observed.
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