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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



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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CHAPTER 1

IMPACT OF ANTIMICROBIAL RESISTANCE IN HAEMOPHILUS INFLUENZAE

16



1.1 Recoqnition 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. vFrom 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
eﬁcapsulated 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.influenzée was defined as consisting of those organisms unable to
synthesise either haemin or NAD which were both non-haemolytic and non-
CO,-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
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pathogenicity of other species such as the association between
H.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 épontaneous 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 1in 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).

19



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 alréady
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., 198la; b).

Numerous surveys of the prevalence of antimicrobial resistance have
established the need to distinquish type b isolates from non-capsulates
due to the higher prevalence of beta-lactamase production among the
former (Philpott-Howard and Williams, 1982) and, 1in 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.,
198la). 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 1linked
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 H.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 et al., 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 1leaks following
head trauma (Bol et al., 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
IgA; protease may be important. The role of pili in virulence of non-
capsulates 1is 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 1information regqarding the 1local 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., 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 1light
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 1like
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 1little and identical
susceptibility testing methods were used. Clearly, the overall national
fiqure (32%) produced by these authors has little meaning when such

major differences have been identified within the country.

Secondly, there are numerous problems 1in identification and
susceptibility testing of H.influenzae. It is not always possible to be
sure that reported fiqures 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 Kattan
(1978). Numerous publications on the subject have often disagreed
reqarding 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 H.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 H.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 speéies 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., 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 IIla 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 O0'Brien (1975) also established that the enzymes
present in some early beta-lactamase-producing H.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 H.influenzae. Thus
the protective effect on individual cells gained by beta-lactamase
production was far less for H.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
HB.influenzae identified could be located on either large or small
plasmids (Mr=30 x 105 and 3 x 10° respectively) which were otherwise
unrelated in their nucleotide sequence. Elwell et al. (1977)
demonstrated that large R plasmids in three H.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 H.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-l-encoding Tn2-like sequence similar to
that found in many Gram-neqatives. However, they were otherwise
unrelated to the large and small plasmids previously described -in

H.influenzae and to those found in N.gonorrhoeae and E.coli.
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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 H.influenzae. The plasmid-free isolates
conjugally transferred resistance to an ampicillin-susceptible recipient
at a lower frequency 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 sequences 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 H.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 H.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 H.influenzae

Production of a TEM-1 beta-lactamase is the predominant but not the
sole mechanism of ampicillin resistance in H.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 H.pleuropneumoniae, a swine
pathogen, also produced this enzyme and that the plasmids encoding ROB-1
in both Haemophilus 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 H.influenzae in France, Daum et al. (1988) have
recently reported that ROB-1 accounted for 8% of beta-lactamases
identified among H.influenzae isolated from clinical specimens in the

USA.
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Non-enzymic 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 24 mg/l ampicillin for
inhibition. However, it is not possible to accurately gauge the
worldwide prevalence of non-lactamase-mediate& ('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 H.influenzae. While
both Makover et al. (1981) and Serfass et al. (1986) 1identified 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 #.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 H.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) 1is open to conjecture., They certainly differ from the
beta-lactam-tolerant H.influenzae described by Bergeron and Lavoie
(1985) since they require 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 H.influenzae resistant to ampicillin, many

beta-lactamase-stable compounds have proved to be highly active in vitro

33



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 non-
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 wunreliable 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 H.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 1log 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, 1led 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.
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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 H.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 biocﬁemically 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 H.influenzae

from the UK are described.

Following earlier sporadic reports (see Chapter 5), Burns et al.
(1985) described four non-capsulate H.influenzae isolated from blood and
sputum which did not produce CAT but required >20 mg/l 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, H.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 H.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 1is 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

sequences.

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 H.influenzae examined showed transferable plasmid-mediated resistance
to tetracycline. Hybridization was shown between a Class B determinant
probe, generally found on transposon Tn10, 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 Tnl0, these H.influenzae
showed only constitutive expression of resistance. The same phenomenon
was also observed in H.parainfluenzae carrying Tnl0 (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 frequent 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 brobably be regarded as marginally active
against H.influenzae because the peak blood level after standard doses
is approximately the same (1-2 mg/l) 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 wvitro by «<0.5 mg/l1
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 quidelines. Fernandes et al. (1987) reported that by
using <0.5 mg/l and 28 mg/l 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 wasb necessary to
produce a satisfactory correlation between zone diameters and MICs of
erythromycin. Using the NCCLS breakpoint of 8 mg/l, a recent USA study
reported 50% of isolates were resistant (Doern et al., 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
differept susceptibility testing methods and, as discussed in Chapter 3,

by the normal distribution of #H.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. 1In
the absence of evidence that erythromycin is clinically effective
against H.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 H.influenzae soon after
its introduction in 1957 but 1its 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 H.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 margeted in 1968, the prevalence of resistance to
trimethoprim in the UK was only 1.4% 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 fsee 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 fiqures for resistance to trimethoprim in combination with
sulphamethoxazole from other countries suggest that the Spanish

experience is most unusual (Doern et al., 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 H.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, 1isolates 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 1in 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 F.influenzae infections, particularly in patients
hypersensitive' to ampicillin, 1little 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
B.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
H.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 injecfable
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
(Fiqg. Za) 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 1laboratories

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.

47



INVERMESS ©

ABERDEEN O

GLASGOW -

EDINBURGH
OAYR

NEAWCASTLE O

YORKD

SALFORD
LIVERPOOL: 5 O MANCHESTER

0
STOCKPORT  oNOTTINGHAM
BIRMINGHAM O EPPING
HIGH WYCOMBE O G BARKING

=] LOMDOMN -
THE LOMDOM

BRISTOL GUYS
ST, THOMAS'

U.C.H.

PLYMOUTH PORTSMOUTH ¢
O

fig 2a Participating centres in the 1986 UK survey of the

““"prevalence of resistance in Haemophilus influenzae

48



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
B.influenzae 1if 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) 1inactivated Fildes' extract
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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 C0,-supplemented atmosphere for

growth.

Porphvyrin production test

The inability of each isolate to synthesize porphyrin rings from
the precursor molecule of §-aminolaevulinic acid (§-ala) (Fig. 2c) was

tested (Biberstein, Mini and Gills, 1963; Kilian, 1974).

The substrate was made by adding 1.36 g KH,PO, and 1.42 g Na,HPO,
to 100 ml distilled water to make a buffer (pH 6.9). Then 19.72 mg
Mg SO,.7H,0 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 H.influenzae which is X-dependent and cannot

synthesize the porphyrin ring precursors of haemin from §-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 H.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 379C in an

atmosphere of 95% air and 5% CO,.

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.).

Biotyping

All isolates confirmed as H.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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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 1liquid 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

neqgative 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°cC.

To perform the test, the mixture was used to 3/4 fill the required
number of wells of a sterile microtitre plate. Using fresh overnight
cultures, each well was inocﬁlated with a loop and an emulsion made.
Wells were covered with sterile liquid paraffin and plates incubated at
379°C for at 1least 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 required 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 0.25% (vol/vol) lysed horse blood and 10 mg/l
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% CO, and 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 1likely 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 379C. Control organisms were as in 2.1.3.

Those H.influenzae that grew with a zone diameter of 1less 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/l. All other isolates were tested on plates containing the
following final antibiotic concentrations: ampicillin 2 mg/1,

tetracycline 4 mg/l, chloramphenicol 4 mg/l, trimethoprim 2 mg/l, and
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sulphamethoxazole 32 mg/l. 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 ﬁsed
(except that MICs of sulphamethoxazole were determined by broth dilution
in 1981) resistant isolates were defined as those producing zone
diameters 1less than 20 mm on disc testing which also required drug
concentrations for inhibition as follows: ampicillin >4 mg/l (1-2 mg/l
indicating intermediate susceptibility), tetracycline >4 mg/l,
chloramphenicol 24 mg/l, trimethoprim 32 mg/l and sulphamethoxazole

232 mg/l.

2.1.5 Detection of beta-lactamase production

All H.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
glassl test tubes. Bacteria from overnight cultures were suspended in
the penicillin solution to give a density of at least 10° 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).

H.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 x2 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 H.influenzae per episode of infection, and

accumulated information regarding the patient and the illness.
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fig 2e

National coordinating centres in the 1986 European
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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 1limit 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 CO,
non-requiring. All H.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 102 cfu/ml

63



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/l.

Inoculated trays were covered with the sterile loose-fitting 1lids
supplied and incubated for 18 h at 37°C in an atmosphere of 5% C0, and
95% air. Prior to reading, the lids were removed and CO, 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 1isolate

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-laboratory 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

64



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 22 mg/l and all
beta-lactamase producers; MIC chloramphenicol >4 mg/l; MIC tetracycline
>4 mg/1l; MIC erythromycin 8 mg/1; MIC cefaclor 216 mg/l. 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 Beechaﬁ
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/l. FH.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. 1In 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 H.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/l) 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 21 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 10% 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/l 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/l. 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% C0,y.
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2.4 Investigations into mechanisms of non-lactamase-mediated resistance
to 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 1listed 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/l 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.(1) Isolates examined in studies of non-lactamase-mediated
reduced susceptibility to beta-lactams

: MIC ampicillin
Survey 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 11 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/l 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 10°, together with #.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
2ml of 1 M NaCl, 0.01 M EDTA and 0.15% SDS and heated for 15 min at
379C.  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% CO, 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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NaCl, 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 matings are described in Table 2.4.(ii). Rl is a non-
capsulate fully-sensitive wild-type H.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 1is subjected to incubation in a defined non-growth medium
(M-1v) found to rapidly induce development of competence by these

workers.

Recipients (Rl or Rd) were grown to mid-log phase in sBHI at 37°9C
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
B.influenzae Biotype (all B- MIC 21 mg/l)
236« o amp
1189 III amp, trim
1826** v amp
1972 I amp
2811 I amp, sul
3200 ! amp
761 ITI amp, sul
3275 : III amp, sul
R1/R1Sa*** II nil/streptomycin
R ** IV nil

o i — — —— — —————————————————— — — — - ———— = _——— T — T —— —— . —— = = ————— — — —— ——————

* Not used for experiments involving R1 or R1Sa as recipients
**  Not used for experiments involving Rd as recipient

*x* Gee text for derivation of R1, R1Sa 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/l1 NAD containing either 0.5 mg/1
or 2 mg/l 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 technique 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% CO,. Hence the natural
frequency of mutation to non-lactamase-mediated reduced suséeptibility
to ampicillin of the recipients could be estimated post-exposure to M-IV

and the frequency 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 sur&ived the 1lysis 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 2256 mg/l) 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/l
failed on several occasions. Rl was then subjected to repeated
overnight culture in 100 ml volumes of sBHI containing streptomfcin at
1, 2, 4, 8 and 16 mg/l. 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. R1Sa was derived from a single colony out of
many (approx. 100/plate) growing on streptomycin-containing plates
following exposure to 16 mg/l streptomycin in broth. The MIC of
streptomycin for R1Sa (and 20 similar colonies) was found to be

2256 mg/l.

For each mating, R1Sa 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/l streptomycin
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together with either 0.5 or 2 mg/l 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/l) 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/l
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 R1Sa 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 Rl 1in order to contribute further to work described in

2.4.5 and 2.4.6 in which differences of OMPs and PBPs between fully
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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 <107?) following plating of Rl or
Rlsa on sBHI agar containing ampicillin at 0.5 or 2 mg/l, 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/l. Spread
plates (0.1 ml/plate) were made each day on sBHI containing 1 mg/l
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 (R1Ac and R1Ak) were inoculated
into 1 mg/1 ampicillin broth, increasing to 16 mg/l over four days in an
attempt to select for a further reduction in susceptibility. Single
colonies obtained on 1 mg/l ampicillin agar were subcultured and

examined as above.

2.4.5 OQuter 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 1including donors and recipients 1listed 1in

Table 2.4.(ii), their offspring and R1 mutants raised as in 2.4.4.
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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
MgCl,, 10 mM Tris-acetate at pH 7.2 to which 100 ug lysozyme, 800 ug
DNAse and 800 ug RNAse (all from Sigma Chemical CO0.) 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 ai. (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. (198lb) using a modified Laemmli gel based on the

procedure of Lugtenberq 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-HC1 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-HC1 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.(1), two mutants derived from Rl 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

490C as above.

The supernatant was centrifuged (MSE superspeed) at 150,000 ¢ for
30 min at 49C 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),6using a 1/10 dilution
of a 50 ul aliquot from the above suspension, 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 (l%c
144 uCi/ﬁg from Amersham International PLC) was reconstituted to make a

solution of 0.5 mg/l from the 0.3472 mg supplied (total 50 uCi).

In order to achieve a final concentration of labelled penicillin of
50 mg/l, 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

40Cc (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 1loading 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.

Fluorography

Dried gels were exposed to pre-fogged X-ray film (Kodak XOMAT AR
exéosed 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 H.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/l, 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. Orqanisms grown overnight at 37°C on
fresh chocolate agar plates with or without chloramphenicol (2 mg/l) in
an atmosphere of CO, 5% and air 95% were suspended in 0.2 M Tris-HCl
buffer, pH 8.0, to an optical density at 450 nm (0D,5,) 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

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

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

* Number includes one isolate of capsule type b.
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2.5.3 BAssays 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 bequn 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 DINB 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.,
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 OD4gp of 0.8, then dried to
constant weight in a dessicator. An average was taken of three dry-

weight estimations with each of three H.influenzae and used to express
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fig 2f
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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-HC1l 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 0D4i, was then recorded as described

above.

2.5.4 Plasmid extraction and curing experiments

Extraction methods

All chloramphenicol-resistant H.influenzae and the three E.coli
controls vere 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 H.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 H.influenzae (3299) found to contain a
plasmid (Mr=40 x 10%) 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 379C 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°cC.

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.
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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-HC1l, 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 gept at

4%c for 18 h before centrifugation at 12,000 rpm for 30 min at 4°C

(Europa MSE).

An equal 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, én 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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Curin
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/l. 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/l).

Six colonies derived from each of the three H.influenzae, growing
in the presence of 2 mg/l 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 H.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 95% air and 5% Co, 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, wusing 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 49C (Europa, MSE), supernatants were divided into 1 ml

aliquots and stored at -20°C until required.
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Table 2.5.(i1) 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
§.influenzae 3209 1
H.influenzae 189 II

B.influenzae 516 II

H.influenzae 109 II

E.coli 50055 I

E.coli 50128 1I

E.coli 50022 III

E.coli 11186 III

Table 2.5.(iii) Comparison of concentrations of reactants used

in acetylation methods of Lovering et al.
(1986), Breeze and Simpson (1982) and Section

2,5,5
Lovering Breeze and
Reagent et al. Simpson 2.5.5
Tris-HC1 55 mM 100 mM* 95 mM
(pH 6.8 and 7.8)
MgCl, 16.7 mM - 14 mM
Chloramphenicol 0.89 mM - 0.76 mM
Acetylcoenzyme A 27.8 mM - -
Coenzyme A ) 0.14 mM 0.28 mM
yacetylcoA
Acetylphosphate )generation 9 mM 26 mM
)system
Phosphotransacetylase )not used see Chapter 5 2 x 104 u/l*#

*  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 MgCl, 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/l phosphotransferase (PTA) (all from Sigma
Chemical Co.) in the reaction mixture. These concentrations are
compared in Table 2.5.(1ii) 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 10% 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
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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 aliquots
of 0.1 M HCl. The solution was dried over MgsO,, 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 aliquots 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 Investiqgation 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 R1Sa
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 (198l) 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 H.influenzae Rl was grown in 10 ml of Iso-
sensitest broth supplemented with 5% (vol/vol) lysed horse blood and
10 mg/1l 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/l (i.e. at the MIC of R1) and incubated similarly for 24 h. Ten
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Table 2.6.(i) Wild type isolates examined in studies of DHFR activity
and plasmid content

H.influenzae MIC Trim Other resistance* Site of isolation
R 02 ssu
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/l trimethoprim and incubated as above.
The process was repeated daily with doubling concentrations of
trimethoprim up to 32 mg/l. Ten 0.1 ml spread plates of this final
broth were made on chocolate agar. Each of the colonies obtained was
separately subcultured (coded TR1,) 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
H.influenzae 1448 and 1593 together with two resistant mutants derived
from R1, TRlg and TR1;;, 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/l, 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 R1Sa as recipient, filter-paper
matings were attempted as described in 2.4.3 except that donor and
recipient were grown 1in 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/l1 streptomycin and 2 mg/l 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. 1In
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/l, 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
2ml 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/l trimethoprim before transfer to
similar broth for 5 h and preparation of extracts as above. 1In 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 Rl 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 equivalent 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 Rl 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 required 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 1074 to 1079 M.

Also examined were any differences in activity that might result
from incubation of extract with NADPH before sfarting the reaction by
addition of dihydrofolate. One extract found to produce a rapid
decrease 1in 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 acti&ity (1.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-HC1l 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 379C in a 1light-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 MIT 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 Coz—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 Neisseria 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 1isolates 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 fiqures 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 fiqures 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 1initial 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 ah
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 1isolates which
produced zones of <20 mm diameter to each antimicrobial agent are shown
in Table 3.1(ii). 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 fiqures 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 according to zone diameter and

apparent prevalence of resistance as measured by this

parameter
220 mm <20 mm

Antimicrobial agent (susceptible) (resistant) % resistant
ampicillin : total 2149 385 1.1

¢ 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 H.influenzae

Antimicrobial .12 .25 .5 1 2 4 8 16 32 64 128 >256

Ampicillin 6 14 16 29 36 33 14 3
beta-lactamase—+-

Ampicillin 1 6 27 38 24 21 6 4 5 2
beta-lactamase—

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 %t of total

Ampicillin 1.6% 5.8% 6.2%
beta-lactamase
positive
MIC 32 mg/l
Ampicillin Nil 0.4% 1.6%*
beta-lactamase
negative
MIC 4 mg/l
Ampicillin total 1.6% 6.2% 7.8%
Tetracycline 2.7% 3.1% 2.7%
MIC 24 mg/l
Chloramphenicol 0.2% 1.0% 1.7%
24 mg/l
Trimethoprim 0.2% 1.4% 4,2%%
22 mg/l

* 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. 0f the
191 resistant to sulphamethoxazole by zone diameter, only 85 required
232 mg/1 for inhibition. However, only seven with zone diameters >20 mm
were able to grow on the 32 mg/l plate. Problems noted in 1981 1led
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/l) while another 32 were inhibited by <0.5 mg/l1
ampicillin. Only two of the beta-lactamase negative isolates producing
zones >20 mm were able to grow on the 2 mg/l 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 1.2% 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.

108



3.1.4 Encapsulated isolates

0f 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 £ (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/l) was found in six
isolates but there were no other notable differences between this group
and the non-capsulates. Two of typeb 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 biotyﬁes 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. (%)
type b non-capsulated
ampicillin: 7
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

Blotype of total isolates 87 capsulated isolates
o 3 g2
II 35 9
III 31.5 4
v 3 4
v 5 1
VI, VII, VIII 2.5 0
Table 3.1.(vii) Relationship between biotype and site from which

H.influenzae isolated

Site from which isolated (number of isolates)

Blood/

Biotype CSF URT LRT Ear Eye Others Total
1 0 e a2 18 23 12 557
11 3 90 594 20 125 13 845
I1I 1 113 518 13 118 6 769
v 17 45 2 2 1 67
\Y 23 97 5 3 1 129
VI, VII 7 54 2 2 2 67
and VIII
Total 24 312 1,230 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 1isolation 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.(ix) Susceptibility to ampicillin of isolates from patients
for whom information on current therapy was provided

Therapy

Result of Other No therapy or
susceptibility testing Amp/amox B-lactam non-B-lactam Total
Ampicillin-susceptible 167 98 906 1,171
Beta-lactamase positive 27 6 62 95
Ampicillin MIC 21 mg/l 7 7 22 36
beta-lactamase negative

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 fiqures related to patient information

Approximately 70% 6f 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 regqarding
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). Ofr 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 22 mg/l, chloramphenicol >2 mg/l1, cefaclor >8 mg/l,

erythromycin >4 mg/1, tetracycline >2 mg/l.

3.2.3 Overall European prevalence of resistance and individual national
fiqures

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 fiqure 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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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 1in
contrast with the pattern seen for ampicillin, where two distinct
populations of 1isolates could be distinquished 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 1is 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
fiqures 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
(5% of total)., In addition, 30 isolates (1.5%) were resistant to
ampicillin and tetracycline and 22 (1%) to chloramphenicol and
tetracycline. All ampicillin-resistant H.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 (2.5%) 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 fiqures 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 1in 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 1lung 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 fiqures 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 reqgard 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 fiqures 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 F.influenzae b from the under two years age group were no
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Table 3.2.{iii) Distribution of beta-lactamase-producing H.influenzae
according to patient age (where age was known)

Serotype b Non-serotype b
B-lactamase B-lactamase
Total positive Total positive
Age no. % no. %
0- 1amths 2 o 1 o
2 mths - 2 yrs 161 18 339 11
3 - 5yrs 49 10 139 14
6 - 10 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 17 132 s
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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
Total positive Total positive
Country no, % no. %
austria s 6 1w s
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
rotal 6 13 835 s
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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 1is Haemophilus
influenzae 1is 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, CO,-
dependent species. False X-dependency occurs when the X disc 1is 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 Faemophilus 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 aqar 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.haemolyticus, H.haemoglobinophilus and
H.ducreyi are the only members of the genus lacking the Slala-synthetase
enzyme so resulting in a negative test (Kilian, 1974). H.ducreyi is
rare in UK specimens, H.haemoglobinophilus is rare in human specimens

and F.haemolyticus produces recognisable haemolysis even on chocolate
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agar. Thus non-CO,-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 V-
dependent 1isolates 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 g—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 CO, (21 of
23 laboratories incubated their satellite test plates in 5% CO, — <his
would be expected to misidentify a few Faemophilus 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 F.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 0.45% of isolates in 1981 to 1.6% in 1986 in the
prevalence of beta-lactamase negative resistance (MICs of ampicillin
24 mg/l). 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/l 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 H.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 Eufopean 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 fiqure 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 fiqures 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 vyear
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 fiqures 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 figqures
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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 fiqures 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 fiqures 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 0o et al.,

1987; data on file at the Chinese University of Hong Kong) and in

130



Table 3.3.(i) Comparison of worldwide reports of the
beta-lactamase-producing H.influenzae

Reporting country

prevalence of

Beta-lactamase producers

type b

% non-capsulate

France 1985
(Dabernat et al., 1986)

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

Europe 1986
(see text)

Spain 1983
(Campos et al., 1986)

USA 1986
(Doern et al., 1988)

Wales 1986
(Howard and Williams, 1988)

Greece 1987

(Kanellakopoulou et al., 1988)

Denmark and Greenland
(Cordtz et al., 1988)

Canada 1987

(Righter and Luchsinger, 1988)

14

5-64
(av.17)

60

0-94

(av.32)

13

46

2-26
(av.11)

0-29
(av.16)

20
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Bangkok, multi-resistant #.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
4,08 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
>1 mg/l (both these studies recorded MICs only). The 0.5% of total
beta-lactamase negative European isolates inhibited at 32 mg/1 came from

the UK, Belgium and Spain and were all from the respiratory tract.

Chloramphenicol and tetracyciine

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.(1), 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 1is freely available without prescription in Spain but
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its wuse in Belqgium 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 frequent 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., 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 21 mg/l) 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/l 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
(Rarrar 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 1invasive, 1life-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 biotype and antimicrobial 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 FKoch-Weeks Bacillus), considered responsible for most
Baemophilus 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.

137



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., 198la; 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
4% 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 1infections
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 #.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 intérvals, 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 ampiciliin 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.(i1) 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 1iodometric)
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 6rigina11y 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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Comparison of LHMC results with susceptibility reported

Table 4.1.(1)

Result at LHMC

Beta-lactamase
positive (n=157)

Intermediate
ampicilllin
resistance (MIC

by external laboratories

Result at external laboratories

Ampicillin
resistant
Beta- beta-
Ampicillin- lactamase lactamase %
sensitive positive negative correlation

59 1 2* 3

ampicillin 1 or 2 mg/l)

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 93% 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
(rable 4.1.(iD. 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 H.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.(iil) 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 gro& on 2 mg/l 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 21 mg/1
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Table 4.1.(iii) Correlation zone diameter :

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 >4 mg/l
(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 J2okkk 48 8

* &

* k%

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

lactamase-stable beta-lactam (i.e. MIC >two doubling dilutions
above the modal MIC)
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ampicillin for inhibition (44% at <15 mm). As previously stated, only
two 1isolates producing zone diameters >20 mm were not inhibited on
screening by 2 mg/l 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/1l, 30 at 1 mg/l ampicillin and the

remainder at <0.5 mg/l.

0f 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 22 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/l ampicillin. 1In
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-enzymic reduced
susceptibility to ampicillin

No.of amp-R beta-lac negative

isolates
Reported
Reported beta-lac
sensitive Reported in positive
Disc No. of |by external agreement by external
Medium and disc  (ug) labs, |laboratory with LHMC laboratory
Chocolate agar 2 2 1
10 3 20 3
Isosensitest agar 2 3* 3 3
with chocolated
blood or lysed 5/10 3 7 1
blood + NAD
Sensitest agar 2 2 2 1
with 5% lysed
blood and 10 mg/1
NAD
DST with 2 5% 11 1
chocolated blood
or lysed blood 10 2 11 4 1
(5-10%) and
10 mg/1 NAD
MAST SAT with 2 1 4
isovitalex and
haemin
Beta-lactamase 2 26 1
test without disc
test on non-
invasive isolates
Total 23 85 13 2
* Number includes one laboratory incubating plates in air. All others

used an atmosphere of 5% CO, and 95% air.
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differed greatly between participating laboratories so that no
conclusion could be drawn reqarding 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
breékpoints 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., 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 consideréd 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 question 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 (90%) of the 38 isolates which required >4 mg/l ampicillin for
inhibition and 33 (53%) of the 62 inhibited by 1 or 2 mg/l1 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 2% (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 Kattan (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 H.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 1inhibitory response, reduced susceptibility is more clearly
demonstrated when the inoculum size is large. Apparent susceptibility
of ampicillin-sensitive isolates 1is 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/l) 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 103 or 10% rather
than 10% 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/l 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/l for susceptibility were recommended
by these workers, together with an inoculum size for MIC determinations
(broth or agar dilution) of 10° 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 qroup 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., 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 H.influenzae dispatched in such studies have also
commonly been those requiring 4 mg/l 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 10% 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
226 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
neqgative H.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/l = 38) and

those of intermediate susceptibility (MIC 1 or 2 mg/l = 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 MICq, values of six antimicrobials
for four groups of isolates delineated by
susceptibility to ampicillin

B-lac- B-lac-
MIC MIC

Amp-S B-lac+ lor 2 mg/l 24 mg/l
n=2201 n=157 n=62 n=38
Amoxycillin-  Mode 0.50 0.50 1.00 4.00
clavulanate* MICgqy 1.00 1.00 4.00 8.00
Cefaclor Mode 4,00 4,00 8.00 16.00
Cephalexin Mode 8.00 8.00 16.00 16.00
MICqq 32.00 32.00 128.00 128.00
Cefixime Mode 0.03 0.03 0.06 0.25
MICqg 0.12 0.12 0.50 1.00
Aztreonam Mode 0.06 0.06 0.12 0.50
MICqq 0.12 0.12 0.50 1.00
Imipenem Mode 1,00 1.00 1.00 1.00
MICgg 2.00 2.00 2.00 2.00

* Expressed as concentration of amoxycillin
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cephalosporins and the monobactam tested. Table 4.2.(ii) summarises
this information by listing the modal and MICq4, 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/l1 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/l). Therefore
only one-fifth of isolates showing non-lactamase-mediated resistance to

ampicillin were inhibited by the modal MICs of the two cephalosporins.

Cefixime

0f the 24 isolates for which MICs of cefixime were 0.5 mg/l, 19
showed non-enzymic reduced susceptibility to ampicillin, 11 of them
requiring 24 and eight of them requiring 1 or 2 mg/l1 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 100% of those requiring at least 4 mg/l amoxycillin-clavulanate for
inhibition, 90% of those requiring >0.5 mg/l1 of aztreonam, and three of
the four strains requiring concentrations of >8 mg/l 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.

0f these 24 isolates, two (imipenem MICs 4 and 16 mg/l) required at
least 0.5 mg/l of aztreonam for inhibition; both were beta-lactamase
negative and inhibited by 24 mg/1 of ampicillin and amoxycillin-
clavulanate. The remaining 22 isolates in this group were all inhibited
by £0.25 mg/1l 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 1s 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/l 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

Antimicrobial
agent

Cefaclor
Cephalexin
Cefixime
Aztreonam

Imipenem

The overall

MIC for four groups of 1solates of wvarying
susceptibility to ampicillin

Coefficients (Pearson) of correlation for:
Disc Beta~lac - Beta-lac -
(ug) Amp-S Beta-lac + MIC 1-2 mg/1 MIC >4 mg/l

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

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 qroups 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 H.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 H.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 100 cfu/spot.
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Comparison of methods

All 1isolates had been previously tested against ampicillin,
chloramphenicol (2.1.4), 1imipenem 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 21 mg/l1 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/l) 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-lac

neqgative

Ampicillin- Beta-lac MIC amp

sensitive positive 1-8 mg/1

Beta-lactam (n = 115) (n = 56) (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
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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 32 déubling
dilutions above the modal MIC of each agent for the 115 ampicillin-
susceptible H.influenzae. In marked contrast with ampicillin-
susceptibie 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 21 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/l imipenem. In addition,
no correiation 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

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 Nil ~96% 62%

(.5 mg/1)

Piperacillin 4% ' 100% 58%
(.03 mg/l)

Meropenem 3% Nil 33%
(.06 mg/l)

Imipenem 8% Nil 19%

(1 mg/1)

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 34 mg/l imipenem
for inhibition, a close range of MICs of meropenem is evident. For the
beta-lactamase negative isolates requiring 1 mg/l ampicillin for
inhibition shown in Fiqure 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

>4 mg/l 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 1in 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 H.influenzae which have
almost always shown a definite degree of resistance (MIC 24 mg/l) 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
H.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 H.influenzae (Joly et al., 1987). Hence some
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fig 4a MICs compared for ampicillin-susceptible isolates
requiring » 4 mg/l.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. 1In 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 s}milar 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 FHaemophilus 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 1isolates
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 216 mg/l1 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 1in 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
20.5 mg/1l 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 24 mg/l 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 H.influenzae is normally an ineffective
barrier to the penetration of beta-lactams when compared with other
Gram-neqgatives (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 confiqurations 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 H.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).

173



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; 75% 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 1is in agreement with studies which compared in vitro
activities of ampicillin and amoxycillin alone against beta-lactamase

negative H.influenzae (Olsson-Liljequist and Gezelius, 1986).

Aztreonam

Aztreonam 1is highly active in vitro aqainst FH.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/l resistance breakpoint previously adopted
for members of the family Enterobacteriaceae (Barry et al., 1985).
While the ampicillin susceptibility breakpoint for enterobacteria is
also 8 mg/l, that for Haemophilus spp. 1is 22 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/l 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, 1including 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;
Wwilliams 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
tovthe 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 H.influenzae. Fuchs et al. (1986) have recently
published data suggesting that a 5 ug cefixime disc is more appropriate

for many species including H.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 1isolates requiring 24 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 1isolates 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/l 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

B.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 denerally 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 FHaemophilus 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 1isolates
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 1likely therapeutic
importance of these findings must be considered in the 1light 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

Extrachromosomal 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 R1 and 1189 were later examined by the
methods of Meyérs 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 R1 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 <1079 on both 0.5

and 2 mg/l 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 <109,  The frequency of

transformation varied according to donor lysate as follows:

Donor lysate Frequency of transformation
236 1x 1077
1189 4 x 1077
1972 3x 106
3200 2 x 1072

179



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
H.influenzae amp cefa ceph ctax caz azt imi mero cip
RA 0.2 4 8 0.0080.12 0.03 0.5 0.03  0.008
26 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 0.0151  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
200 8 64 128 0.2 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 Zone diameter (mm)
Rd 23
236 11
236a 15
236a (F) 14
1189 11
1189b,c 14
1189b,c (F) 14
1972 13
1972a,b 14
1972a,b (F) 14
3200 6
3200a,¢,f 12
320a,e,f (F) 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/l)
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/l, offspring all at 0.25 mg/l).
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
R1Sa 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 1077
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 R1Sa. The ratio of numbers of donor cells
(recovered on ampicillin-containing plates) to recipient cells
(recovefed on streptomycin-containing plates) was found to be
approximately 1:1 following overnight incubation, i.e. both had grown to
a concentration of 10% cfu/ml. The frequency of spontaneous mutation of
Rl and donor cells to streptomycin resistance was <1072 following
plating on streptomycin-containing plates at 128 mg/l 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/1l 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/l as shown in Table 4.3.(iv). Colonies recovered
following exposure of Ac and Ak to ampicillin in broth up to 16 mg/l
were also considerably more susceptible to the agent on MIC

determination (Ac;_3 and Ak;_, 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 R1 mutants.
Further exposure to increased ampicillin concentrations failed to

produce a higher level of beta-lactam resistance in Ac and Ak. Serial
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Table 4.3.(1ii) MICs of ampicillin, streptomycin, seven other beta-
lactams and ciprofloxacin for R1, R1Sa, 767, 3275 and
offspring of filter-paper matings (suffix a)

MIC mg/1
H.influenzae amp strep cefa ceph ctax caz azt imi mero cip
R 0.5 1 2 4 0.0150.06 0.03 0.25 0.06 0.008
R1Sa 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 0.0150.12 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

R1 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
Acq-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
Re 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
Rky_, 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 1loss of

reduced susceptibility by any of the mutants listed in Table 4.3.(iv).

4,3.2 Outer-membrane proteins

All 1isolates 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 236 x 103 and generally <39 x 103, Cémparison 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/1l) 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 1isolate included in the study. Profiles of the four
successful donors compared with the offspring examined (those listed 1in
Table 4.3.(1)) conclusively demonstrated that offspring OMP patterns
were identical to that of Rd and quite 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 R1Sa, which was in turn found to be identical to that of its

streptomycin-sensitive parent R1 (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 mnutants examined. All
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