
Thorax 1995;50:249-253

Relation between ,-lactamase producing
bacteria and patient characteristics in chronic
obstructive pulmonary disease (COPD)

JH Sportel, GH Koeter, R van Altena, A L6wenberg, WG Boersma

Abstract
Background - In addition to broncho-
dilator and anti-inflammatory therapy,
exacerbations in patients with chronic
obstructive pulmonary disease (COPD)
are often treated with antibiotics. Haemo-
philus influenzae and Moraxella (Bran-
hamella) catarrhalis, two important
respiratory pathogens, mayproduce P-lac-
tamase which makes them resistant to am-
picillin. Surveillance studies conducted in
various countries have shown an in-
creasing incidence of these P-lactamase
producing bacteria. Although this may
simply be a consequence ofthe increasing
use of antibiotics, it is possible that other
factors are important. A study was un-
dertaken to investigate whether clinical
factors are related to the presence of P-
lactamase forming bacteria in the sputum
of patients with COPD.
Methods - One hundred patients with
COPD aged over 40 years were se-
quentially selected from an outpatient
clinic on the basis of sputum culture res-
ults. Fifty had P-lactamase positive (pL +)
and 50 had P-lactamase negative (pL-)
bacteria in their sputum. Patients were
included only if sputum culture results
yielded one pathogen. The files of these
patients were investigated for possible
causative factors present during the two
preceding years.
Results - Both groups were almost ident-
ical in terms oflung function, maintenance
medication, and smoking history. The
total number of antibiotic courses in the
PL+ group was higher, as were individual
courses of cephalosporins, tetracyclines,
and macrolides. The number of patients
admitted to hospital was higher in the PL +
group, but admissions were of equal dur-
ation in both groups. Patients admitted to
hospital had poorer lung function. Risk
factors for ,-lactamase producing bacteria
were identified by logistic regression ana-
lysis which revealed an odds ratio for one
course of antibiotics of 1l15 (95% CI 1-04
to 1-28).
Conclusions - An increased number of
antibiotic courses is related to a higher
incidence of P-lactamase producing
bacteria and more patients had hospital
admissions in the PL+ group. P-lactamase
stable antibiotics were used more fre-
quently in the PL+ group, probably
because prescribing was adapted to
the presence of P-lactamase producing

bacteria. No other differences were found
between the PL+ and PL- groups.
(Thorax 1995;50:249-253)

Keywords: P-lactamase producing bacteria, chronic ob-
structive pulmonary disease.

Patients with chronic obstructive pulmonary
disease (COPD) frequently have exacerbations,
especially during the winter season. These
exacerbations are characterised by increased
dyspnoea, cough, sputum volume, and/or
increased purulence of sputum.' Patients with
an exacerbation of COPD are usually treated
with antibiotics as well as bronchodilators and
corticosteroids. Although antibiotics should
ideally be selected according to bacterial isol-
ates, in general treatment is often empirical.

Since the late 1970s there has been an in-
creasing incidence of respiratory pathogens
resistant to ampicillin.2A In a European
collaborative study resistance of Haemophilus
influenzae to ampicillin varied from 0 5% in
Austria to 31-1% in Spain.5 An American study
reported an incidence of 20% ofH influenzae
strains resistant to ampicillin.6 Resistance to
ampicillin for Moraxella (Branhamella) ca-
tarrhalis has been reported in up to 73% of
cases.7 This resistance, due mostly to P-lac-
tamase production, has a major impact on the
efficacy of antibiotics in lower respiratory tract
infection.2 `10

Beta-lactamases are enzymes produced by
bacteria which inactivate P-lactam antibiotics
by cleavage of the P-lactam ring. This is an
oversimplification, since different types of 1-
lactamase and different types of spread and
induction of ,B-lactamase can be recognised.
The most important P-lactamase in H in-
fluenzae is TEM-1 P-lactamase which is trans-
ferred by plasmids." In M catarrhalis the most
important ,B-lactamases are BRO-1 or BRO-2,
whose origins remain unknown.8 The effect of
the presence of P-lactamase is that an individual
bacterium or the entire colony becomes re-
sistant to 3-lactamase unstable antibiotics.
One factor that could contribute to the in-

creasing rate of j-lactamase producing bacteria
in patients with COPD is antibiotic treatment
which causes selection of resistant ,B-lactamase
producing strains. However, other factors,
related to the individual patient, might also
contribute to the presence of 1-lactamase
producing bacteria. In this retrospective study
we have investigated whether support could be
found for this hypothesis.
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Methods
PATIENTS
One hundred patients with COPD were se-
lected from the pulmonary outpatient clinic of
Hospital Beatrixoord, Haren, The Netherlands
on the basis of sputum culture results, 50
patients with 3-lactamase-producing bacteria
(1L+ group) and 50 with bacteria that were
not 1-lactamase producing (,BL- group). In
all cases only a single pathogen was isolated,
and patients were excluded when more than
one pathogen was cultured. All patients were
in a stable phase of their disease. Patients were
over 40 years of age and none had a history of
allergy. The patients' files were retrospectively
studied for the preceding two years to acquire
data for the following characteristics: age, gen-
der, duration of disease, smoking history, lung
function, type and dosage ofmaintenance med-
ication, hospital admission rate, and duration
of hospital stay.

SPUTUM
Patients attending the clinic routinely delivered
sputum in a sterile plastic jar at each visit. The
sputum was washed three times in sterile saline
to remove saliva and oropharyngeal flora.2 Af-
ter Gram staining the sputum fragments were
examined microscopically. 3 14 When fewer than
five epithelial cells and more than 25 leucocytes
were counted per low power field (100 x mag-
nification) the sputum was considered rep-
resentative of the lower respiratory tract.""
Representative sputum specimens only were
then cultured semiquantitatively according to
accepted methods using blood agar, Leven-
thal's agar, and McConkey's medium, and in-
cubated for 24 hours at 37°C. Susceptibility
to antibiotics was tested by an agar dilution
method using standard criteria. When re-
sistance to ampicillin was shown an indicator
test with nitrocephin (Cefinase, BBL Micro-
biology Systems, Becton Dickinson and Co,
Cockeysville, USA) was applied for detection
of P-lactamase activity.

LUNG FUNCTION
During the consultation inspiratory vital ca-
pacity (IVC) and forced expiratory volume in
one second (FEVy) were measured twice in
a standard mannerl"20 using a Pneumoscope
(Jaeger, Breda, The Netherlands). Meas-
urements were made at least four hours after
any inhaled bronchodilators. The higher results
of both IVC and FEV, were used.

DURATION OF DISEASE
The duration of disease was calculated by sub-
tracting the date on which the patient was
diagnosed as having COPD from the date of
the visit to the outpatient clinic.

MAINTENANCE MEDICATION
Information on maintenance treatment was re-
trieved from the next to last letter addressed
to the general practitioners; the type of med-

ication as well as the daily dosage in mg per
day was noted.

NUMBER OF ANTIBIOTIC COURSES
The patients' general practitioners and phar-
macists were telephoned in order to assess the
number and type of antibiotic courses that had
been prescribed. Data on antibiotic courses
prescribed by respiratory physicians were de-
rived from the hospital files.

SMOKING
The following definitions were used: "non-
smokers" were patients who had never smoked;
"ex-smokers" were patients who stopped smok-
ing before the beginning of the study period.
Exposure was expressed as pack-years.

ADMISSIONS TO HOSPITAL
The admission rate was assessed by counting
the number of hospital admissions in the two
years preceding the visit to the outpatient de-
partment. The duration of each admission and
the total duration of all admissions in these
two years were noted.

STATISTICAL ANALYSIS
The Student's t test was used for normally
distributed variables, the Mann-WhitneyU test
for not normally distributed and categorical
variables, and the X2 test for dichotomous vari-
ables. The statistical software package SPSS/
PC +, V4.0. 1 (SPSS Inc, Chicago, Illinois,
USA) was used. Logistic regression analysis
was performed to build a model that could
predict the presence of P-lactamase-producing
bacteria. For this and for computation of odds
ratios and confidence intervals the computer
program Statistix (Analytical Software, St Paul,
Minnesota, USA) was used. Variables that
would not fit in the model according to known
criteria were forced into the model when they
seemed biologically important.2' A p value of
<0 05 was considered significant.

Results
The patients analysed in this study were en-
rolled over a period of 20 consecutive months.
During this period 1843 individual patients
visited the outpatient clinic at least once, of
whom 580 (31%) produced sputum. Sputum
was cultured on 960 occasions and revealed
pathogens in 389 (40%) of cultures. Of the
enrolled patients, all produced sputum chron-
ically, most had airflow limitation, and 60%
were smokers.

SPUTUM
The results of sputum cultures are summarised
in table 1; 77 of 100 isolates contained H
influenzae or M catarrhalis. ,B-lactamase pro-
ducing strains were found in 33 of 42 (79%)
M catarrhalis strains and five of 35 (14%) H
influenzae strains.
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Table 1 Isolated pathogens and number (%) of fi-lactamase producing strains in the
sputum of 100 patients with COPD

Pathogen No found No (%) f,-lactamase positive

M catarrhalis 42 33 (79)
H influenzae 35 5 (14)
Str pneumoniae 10 -

Ps aeruginosa 7 7 (100)
Staph aureus 2 2 (100)
E coli 2 2 (100)
Acinetobacter calcoaceticus 2 1

Total 100 50

PATIENT CHARACTERISTICS
Both patient groups were comparable for most
characteristics (table 2). Significantly more

patients in the BL + group had been admitted
to hospital in the preceding two years, but the
total number of admissions and the duration
of those admissions were similar. Patients who
had been admitted once or more in the past
two years used more antibiotic courses (median
(range) 10 (2-25)) with a total of 262 courses

to the 27 patients admitted compared with 3
(0-20) with a total of 323 antibiotic courses

to the 73 not admitted). The patients admitted
to hospital had poorer lung function (both

FEV1% pred and IVC% pred p < 0 005). There
were no differences between the iL- and PL+
patients who had been admitted with regard to
their number of antibiotic courses or their lung
function.

MAINTENANCE MEDICATION
The different types of maintenance medication
used by patients of both groups are listed in
table 3. There were no significant differences.

ANTIBIOTIC TREATMENT
There was a wide interindividual range in the
number of antibiotic courses during the two
year period (table 4). More antibiotic courses

were used by patients in the PL+ group (p =
0 005) and this applied to cephalosporins (p<
0 05), tetracyclines (p<005), and macrolides
(p<0005). The individual patients in the IL+
group also had more courses of tetracycline
than those in the 1L- group (p<0005). Thir-
teen patients were on maintenance antibiotic
treatment, eight in the BL+ group and five in
the P[L- group (NS).

Table 2 Characteristics ofpatients in the study population

Characteristic fL+ ,BL- p

M:F 36/14 38/12 NS*
Age (years) 65 (40-85) 66 (40-83) NSt
Duration of sickness (years) 20 (1-62) 17 (3-61) NSt
Pack years 17-4 (4 8-56 0) 19-6 (1-1-45) NSt
No. patients admitted 18 9 <0.005*
Admission rate (per 2 years) 1-5 (1-6) 2 (1-6) NSt
Duration of admissions (days) 22 (5-65) 18 (12-49) NSt
FEV,/FEV,pred (%) 47-2 (20-8-122-7) 52-5 (16-4-116-1) NSt
IVC/IVCpred (%) 71-8 (35-5-135-1) 83-2 (31-5-113-6) NSt

IL+ = P-lactamase positive; L =-P-lactamase negative.
* X2 test.
t Mann-Whitney U test.
Values are median (range).

Table 3 Number ofpatients on different types of maintenance medication

Medication PL+ (n= 50) j3L- (n= 50)

n Median (range) daily n Median (range) daily p
dosage (mglday) dosage (mglday)

Prednisolone 11 5 0 (2-5-10-0) 16 7-5 (2-5-20-0) NS
Inhaled corticosteroids 44 0-8 (0-1-1-6) 42 0 7 (0-2-3-2) NS
Oral ,B sympathicomimetics 5 10 (5-10) 6 6-25 (5-10) NS
Inhaled ,B sympathicomimetics 38 0-8 (0-2-15-0) 32 0-6 (0-1-2-8) NS
Anticholinergics 41 0-16 (0-02-3-00) 45 0-10 (0-02-0 4) NS
Theophylline 23 450 (200-900) 15 450 (200-900) NS

Table 4 Numbers ofpatients using the different antibiotics, with those on penicillins and cephalosporins subdivided into fi-lactamase (fL) stable and
unstable groups, and the numbers of antibiotic courses used during the last two years

Antibiotic No. ofpatients No. of courses

,BL+ (n=50) ,BL- (n-50) #L+ (n-50) fL- (n-50)
Total Median (range) Total Median (range)

Penicillins 35 26 115 2 (1-10) 87 3 (1-7)
JL stable 13 8 23 1 (1-8) 15 2 (1-4)
,L unstable 29 24 90 2 (1-10) 71 3 (1-7)

Cephalosporins 13* 4 30 2 (1-8) 10 2-5 (1-4)
BL stable 7* 1 15 1 (1-7) 3
[L unstable 8 3 15 1-5 (1-4) 7 2 (1-4)

Tetracyclines 32* 21 94** 3 (1-11) 37 1 (1-8)
Macrolides 13* 4 32 2 (1-6) 13 1 (1-10)
Cotrimoxazole 19 12 32 1 (1-5) 20 1 (1-4)
Aminoglycosides 4 - 7 1-5 (1-2)
Quinolones 6 3 10 1-5 (1-3) 6 2 (1-3)
Unknown 14 18 46 2-5 (1-8) 43 1 (1-6)

Total 50 50 366** 6 (1-25) 219 3 (1-20)

*p<0 05, X2 test; **p<0.005, Mann-Whitney U test.
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Table S Odds ratios and confidence intervals (95% CI) for predictive variables for /3-
lactamase production

Predictive variables Odds ratio (95% CI) p

Age (years) 0 99 (0 94 to 1-03) NS
Duration of sickness (years) 1 00 (0 97 to 1-04) NS
Gender (male) 0 99 (0 34 to 2-86) NS
FEV, (% predicted) 0 99 (0 97 to 1-02) NS
IVC (% predicted) 1-01 (0-98 to 1-04) NS
No antibiotic courses (per 1) 1-15 (1-04 to 1-28) <0 01
No antibiotic courses (per 10) 4 07 (1-43 to 11-56) <0 01

FEV, = forced expiratory volume in one second; IVC = inspiratory vital capacity.

Penicillins and cephalosporins were divided
into P-lactamase stable and unstable anti-
biotics. No differences were found for P-
lactamase stable and unstable penicillins, and
,B-lactamase unstable cephalosporins. p-
lactamase stable cephalosporins were used by
more patients in the iL+ group (p<005).

P-lactam antibiotics were not used more

often for the last course than non-fi-lactam
antibiotics.

LOGISTIC REGRESSION ANALYSIS
It appeared that few variables would fit the
model. The results of our analysis (odds ratios
(OR) and 95% confidence intervals (CI)) are
shown in table 5 in which are also displayed
OR and CI for 10 antibiotic courses. A higher
number of antibiotic courses in the past two
years increased the chance of having a P-lac-
tamase-producing bacterium in the sputum.

Discussion
Streptococcus pneumoniae, H influenzae, and M
catarrhalis are known to be major respiratory
pathogens in COPD.222' In this study H in-
fluenzae and M catarrhalis were also the most
frequently isolated single pathogens, in fre-
quencies similar to those ofother studies.57 The
same is true for the frequency of Strpneumoniae
(20%). By selection bias Str pneumoniae was

only included in the fiLL- group. Resistance of
Str pneumoniae to ampicillin is not associated
with ,-lactamase but is caused by changes in
penicillin binding proteins.
The prevalence of resistance ofairway patho-

gens, especially H influenzae and M catarrhalis,
is increasing 235-72425 mainly because of i-

lactamase which causes resistance to
ampicillin.231' In 1989 surveillance cultures
performed in the same study population yielded
H influenzae in 57% (PL+ 9%), M catarrhalis
in 23% (PL+ 57%), and Str pneumoniae in
21 %.26 In this study we confirm that this in-
creased resistance is associated with the in-
creased use of antibiotics.927-29 We have
considered the possibility that patient related
factors may also contribute to this resistance.

In the present study more antibiotic courses

were taken by patients in the PL+ group than
by those in the ,BL- group. Patients who had
been admitted, both in the PL- and ILL+
groups, had poorer lung function and had re-

ceived more antibiotic courses than the others.
This may be explained by the fact that patients
with poor lung function seem to suffer more

severely during exacerbations.30 Thus, re-
spiratory physicians and general practitioners
prescribe antibiotics and admit their patients
more readily than when lung function is better.
The fact that more patients in the iL+

group used tetracyclines and PL stable ceph-
alosporins, and that more courses of tetra-
cyclines were used in the 3L+ group, can
be explained as follows. We found that the
sputum culture results were mentioned in most
correspondence to general practitioners and
these were noted, resulting in the prescription
of an effective antibiotic. An alternative ex-
planation could be that general practitioners
and respiratory physicians noticed poor results
from empirical antibiotic prescribing, and that
PL stable antibiotics had a favourable effect.
However, we would then have also expected
more P-lactamase sensitive antibiotics to have
been prescribed. It is known that there is a
wide interindividual range in the frequency of
exacerbations,"0 thus patients in the ,BL+ group
were more likely to have a higher frequency of
exacerbations. If this did occur the reason for it
remains unclear, although various explanations
are possible - for example, a greater bronchial
hyperresponsiveness or, for some reason, less
optimal anti-COPD treatment with corti-
costeroids and/or bronchodilators.
The higher frequency of exacerbations in the

fL + group eventually results in the use ofmore
courses of antibiotics. However, with frequent
usage of antibiotics ,B-lactamase producing bac-
teria are being selected527-29 and, in studies in
children with upper and lower respiratory tract
infections caused by H influenzae both type b
and non-b, more resistant strains were found
in those who had recently been treated with
antibiotics.27293' In neither study were patients
suffering from any underlying disease, and the
study period lasted up to seven weeks.29 Al
though these studies are not strictly comparable
with the present report on older patients with
COPD who were studied retrospectively for
two years, the findings are similar to ours -

that is, increasing use of antibiotics is related
to isolation of more f-lactamase producing
strains. This is also supported by the results of
our logistic regression analysis. Some studies
have also shown that there is a relation with
the type of antibiotic prescribed,2729 which is
in contrast to our findings. Wallace et al studied
H influenzae resistance to ampicillin, tetra-
cycline, and chloramphenicol in adults with
chronic lung disease.9 Their results showed that
patients with resistant strains were more likely
to have received antibiotics recently.
The presence of f-lactamase producing bac-

teria may be considered as an end point in a
pathogenetic chain, in parallel with the col-
onisation of the respiratory tract in patients
with cystic fibrosis or severe bronchiectasis by
Pseudomonas aeruginosa. It is, however, possible
that the presence of i-lactamase producing
strains is a cause, rather than a consequence,
of the higher exacerbation rate. One could
speculate that this would imply that i-lac-
tamase producing strains from the same species
present a more virulent biological behaviour
than non-D-lactamase producing strains. Pro-
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spective studies are needed to test these hy-
potheses.
We are aware of certaiin drawbacks of this

retrospective study. Firstly, the maintenance
medication was assessed only at the end point
of the study period and we have no information
on previous changes of treatment or com-

pliance. Secondly, we do not know the exact
dosage and duration of the antibiotic courses,

nor do we know what criteria were used for
prescribing antibiotics or whether they were

prescribed in combination with prednisolone.
Thirdly, the lung function tests may not have
been representative of the entire two year
period. Data on decline in lung function and
reversibility were not available for all patients.
Fourthly, and more importantly, we do not
know if the sputum culture results are rep-

resentative for the whole two year period. From
other studies we think that in most patients
they were since it has been shown that the same
bacteria can be isolated from the sputum for a

long period.3233 Finally, by screening for clin-
ically suggestive characteristics we were not
able to identify reliably patients with bron-
chiectasis. Objective measures (high resolution
computed tomographic scanning and bron-
chography) for the diagnosis of bronchiectasis
were not available in most files. However, we

would have expected patients with bron-
chiectasis to be distributed equally between
both groups, and the number of patients with
extensive bronchiectasis is likely to be very low.

In conclusion, we have shown that more

frequent antibiotic use is associated with a

higher chance of the presence of P-lactamase
producing bacteria in the sputum of patients
with COPD. A prospective study is necessary
to confirm our data and hypotheses. In such a

study other factors such as changes in main-
tenance medication, the causal stimuli of ex-

acerbations, bronchial hyperresponsiveness,
and the extent of anatomical destruction of
airways and lung tissue need to be analysed.

Since we need to prevent any further increase
in the prevalence of resistance to antibiotics,
not only due to f-lactamase production, we

should be aware of the risks in prescribing
them. Patients with a high exacerbation rate
should be identified and efforts made to prevent
them. However, when antibiotic treatment is
considered imperative it should be given on

a valid indication. Adequate microbiological
identification and assessment of antibiotic re-

sistance are desirable parameters, on the basis
of which optimal antibiotic treatment can be
initiated.
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