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ABSTRACT:  Respiratory infections with penicillin resistant pneumococci consti-
tute an increasing health care problem.  This paper describes the nosocomial spread
of penicillin resistant pneumococci (PRP) on a pulmonary ward. 

During an eight-month period, minimal inhibitory concentrations (MICs) for
penicillin and several other antibiotics were performed on all Streptococcus
pneumoniae isolates that were shown to be penicillin resistant by a screening assay.
The personal data and case history of all patients with penicillin resistant pneu-
mococci were evaluated.

Penicillin Resistant Pneumococci were cultured from 18 patients, 16 men (mean
age 74±8 yrs) and 2 women (aged 54 and 60 yrs).  Chronic obstructive pulmonary
disease was diagnosed in 16 patients, 10 of which had an additional underlying dis-
ease (2 diabetes mellitus, 2 heart failure, 2 malignancy).

Prior to culture of Penicillin Resistant Pneumococci, 11 out of 18 patients were
treated with antibiotics, a β-lactam in most instances.  Ten out of 18 patients died
during or shortly after hospitalization.  The death of one patient seems to be direct-
ly related to infection with Pencillin Resistant Pneumococci.  The five Penicillin
Resistant Pneumococci isolates available for serotyping were all type 9.  The mini-
mal inhibitory concentrations for penicillin varied from 0.5 to 2.0 mg·l-1.  High min-
imal inhibitory concentrations were also noted for cefixime (all over 4.0 mg·l-1) and
ceftriaxone (0.5–1.0 mg·l-1).  

It is concluded that penicillin resistant pneumococci can spread rapidly among
old and debilitated patients.  Thus, patients with this infection should be barrier
nursed.
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Since the introduction of benzyl-penicillin in the
1940s, this antibiotic has remained the treatment of choice
in infections caused by Streptococcus pneumoniae  (pneu-
mococci).  Initially the minimal inhibiting concentra-
tions (MICs) were in the range of 0.006–0.008 mg·l-1.  Over
time, the MICs of clinical isolates gradually  increased [1].
In 1967, the first penicillin-resistant pneumococci (PRP)
were reported in Australia and subsequently in Papua
New-Guinea [2, 3].  These isolates showed MICs of
0.1–1.0 mg·l-1.  In 1978, in South-Africa pneumococci
were discovered with a more serious resistance (MIC ≥1.0
mg·l-1) [4].  Since then, penicillin-resistance has been
divided into low level resistance (i.e. MIC 0.1–1.0 mg·l-1)
and high level resistance (i.e. MIC >1.0  mg·l-1).

During the last decade, PRP have spread all over the
world [5].  In South-Africa, Israel, the United States of
America and France, over 10% of the isolated pneumococci
appear to be penicillin-resistant, whereas in Spain and
Hungary, this percentage has increased to 30–50% [6–12].

In The Netherlands less than 1% of all pneumococci

appear to be resistant to penicillin [13].  Recently,
however, PRP spread on the pulmonary ward of the
St Joseph's Hospital in Veldhoven, in the southern part
of the Netherlands.  The outbreak is described in this re-
port.

Methods

In the Laboratory for Public Health in Veldhoven, The
Netherlands, all isolated α-haemolytic streptococci
were identified as being Streptococcus pneumoniae
using an optochine disk.  All cultured pneumococci
were inoculated on isosensitest agar plates supplemented
with 0.05 mg·l-1 penicillin.  In case of growth, a MIC
was determined by the agar dilution method (isosensitest
agar with 5% heated sheep blood).  Penicillin-resistant
pneumococci, cultured from patients admitted to the
pulmonary ward of the St. Joseph's Hospital from
November 1990 up to May 1991, were further tested in
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the Laboratory for Bacteriology and Antimicrobial
Agents of The National Institute of Public Health and
Environmental Protection (RIVM).

Sensitivity testing

MIC determinations were performed by inoculating 104

colony forming units (cfu) on blood agar plates, to which
doubling dilutions of penicillin, tetracycline, erythro-
mycin, cefixime, ceftriaxone or co-trimoxazole were added.

Serotyping

The capsular polysaccharide type of pneumococci cul-
tured from five patients were identified by the quellung
reaction, using specific antisera obtained from the Staten
Seruminstitut in Copenhagen.

Patients

The personal data and case history of all patients
from whom a PRP was isolated during their stay at the
pulmonary ward of the St. Joseph's Hospital were eval-
uated.

Results

Spread of penicillin-resistant pneumococci

The PRP was probably introduced by patient No. 2
(fig.  1).  A PRP was cultured from this patient  as early
as 1989, during antibiotic treatment of purulent bron-
chitis. This patient was also admitted to the pulmonary
ward in early and mid 1990, and sputum cultures then
yielded PRP.  During these admissions, no PRP were
cultured from other patients.

From November 1990 to June 1991, PRP were cul-
tured from 18 patients, 16 men with a mean age of 74±8
yrs and two women aged 54 and 60 yrs (table 1).  With
the exception of one patient (No. 14), all male patients
were aged 65 yrs or more.  Chronic obstructive pul-
monary disease (COPD) was diagnosed in 16 patients,
10 of whom had an additional underlying disease (dia-
betes mellitus in 2, heart failure in 5, and bronchial or
urinary bladder carcinoma in 3 patients).  Two patients
were admitted with the single diagnosis of bronchial car-
cinoma.   Prior to culture of PRP, 11 out of 18 patients
were treated with antibiotics.  In seven patients, this
antibiotic was a beta-lactam antibiotic, in some cases in
combination with an aminoglycoside.  In five patients,
co-trimoxazole was prescribed.  Four patients from
whom PRP were cultured did not have symptoms of
pulmonary tract infection and, therefore, were not
treated with antibiotics after isolation of PRP.  In the
remaining 14 patients, antibiotic treatment was initiated
after culture of PRP because of clinical symptoms, lab-
oratory tests and/or abnormalities on chest X-ray.  In
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Fig. 1.  –  Admission and stay at the pulmonary ward of the St. Joseph's
Hospital of patients from whom PRP: penicillin-resistant pneumo-
cocci.were cultured. |: = moment of isolation of PRP; †: = death. 

nine patients, pneumococci were the only bacteria cul-
tured from the sputum.  In five patients, the sputum
cultures yielded at least one additional respiratory patho-
gen.  In all sputum samples, >25 leucocytes per low
power field (lpf) were present on Gram staining.  No
serological investigations were performed to evaluate
viral, ricketsial or chlamydial infection.

Two patients were treated exclusively with a beta-
lactam antibiotic (patients Nos. 3 and 17), (table 1), and
in four patients a beta-lactam antibiotic was changed to
erythromycin, doxycycline or co-trimoxazole (patients
Nos. 7, 9, 14 and 16).  In three patients treatment with
erythromycin was initiated after sputum cultures yielded
PRP.  In two of these co-trimoxazole was prescribed ini-
tially (patients Nos 11 and 12).  Though sputum sam-
ples were not cultured routinely at regular intervals, the
persistence of PRP despite antibiotic treatment could
be documented in eight patients (patients Nos 1, 2, 5,
7, 8, 9, 14 and 18).

Finally, 10 out of 18 patients died during or shortly
after hospitalization.  In all of them there was a serious
underlying disease (COPD in 9, and bronchial carci-
noma in 1 patient).  The death of one patient (patient
No. 9) seems to be directly related to infection with
PRP.  On January 29th 1991, this patient was admitted
to the pulmonary ward because of an exacerbation of
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Table 1.  –  Personal data, treatment and clinical outcome of patients (n=18) with penicillin-resistant pneumococci (PRP)

Pt.  Age  Sex   Underlying   AB before  RTI   AB    Course
No yrs             disease       isolation             treatment

1 80 M COPD amox./clav. + cipro. Deterioration
DM SXT, ceph.

2 78 M COPD pen., ceph. + cipro. Deterioration
Dec. cordis. clinda., CFM

3 54 F COPD amox./clav. + pen. Deterioration
Dec. cordis. genta.

4 77 M COPD - - - Deterioration, died
Bronchus carc.
Dec. cordis

5 60 F COPD - - - Died
Dec. cordis

6 65 M DM SXT + SXT Improvement
COPD

7 77 M COPD CFM, tetra. + doxy., teico. Died
8 83 M COPD - + SXT Improvement
9 65 M COPD SXT + CFM, genta. Died

pen., erythro.
10 65 M Bronchus carc. - + SXT, doxy. Improvement
11 65 M Bronchus carc. SXT + erythro. At first improvement,

died later
12 77 M COPD SXT + erythro. At first improvement,

Vesical carc. died later
CVA

13 76 M COPD - + erythro Improvement
dec. cordis.

14 63 M COPD - + amox./clav. At first improvement,
dec. cordis CFM, died later
Kidney transpl. genta., erythro.

15 78 M COPD amox. - - Recovered
sq. cell ca.

16 79 M COPD amox. + SXT, cipro. At first improvement,
died later

17 77 M COPD amox. + amox. Died
18 77 M COPD - - - Died

AB: antibiotic;  amox.: amocycillin; Bronchus carc.: bronchial carcinoma; ceph: cephalosporin; CFM: cefuroxine; cipro.: ciprofloxacin;
clav.: clavulanic acid; clind.: clindamycin; COPD: chronic obstructive pulmonary disease; CVA: cerebrovascular accident; CXM: cefixime;
DB: diabetes mellitus;  Dec. cordis: heart failure;  doxy.: doxycycline;  erythro.: erythromycin. genta.: gentamicin; Kidney transpl.: kid-
ney transplant; pen.: penicillin; Sq. cell ca: squamous cell carcinoma; PRP: penicillin-resistant pneumococci;  RTI: respiratory tract
infection; SXT: sulphamethoxazole (co-trimoxazole); tetra.: tetracycline; teico.: teicoplanin. Vesical carc.: urinary bladder carcinoma.

Table. 2.  –  Minimal inhibitory concentrations (MICs, mg·l-1)) of all isolated PRPs for penicillin, tetracycline, erythromycin,
cefixime, ceftriaxone and co-trimoxazole

Pt. Pen. Tetra. Erythro. CXM CRO4 SXT
No.
1 1.0 0.5 0.12 >4.0 1.0 >8/40
2 1.0 0.5 0.06 >4.0 0.5 >8/40
3 0.5 0.5 0.12 >4.0 1.0 >8/40
4 0.5 0.5 0.06 >4.0 0.5 >8/40
5 1.0 0.5 0.12 >4.0 0.5 >8/40
6 1.0 0.5 0.06 >4.0 1.0 >8/40
7 1.0 0.5 ≥16 >4.0 0.5 >8/40
8 1.0 0.5 0.25 >4.0 0.5 >8/40
9 1.0 0.5 0.06 >4.0 0.5 >8/40

10 1.0 0.5 0.06 >4.0 0.5 >8/40
11 0.5 0.5 0.12 >4.0 0.5 >8/40
12 1.0 0.5 0.12 >4.0 1.0 >8/40
13 2.0 0.5 0.12 >4.0 1.0 >8/40
14 1.0 0.5 0.12 >4.0 1.0 >8/40
15 2.0 0.5 0.12 >4.0 1.0 >8/40
16 1.0 0.5 0.06 >4.0 0.5 >8/40
17 1.0 0.5 0.06 >4.0 0.5 >8/40
18 1.0 0.5 0.06 >4.0 0.5 >8/40
CRO: ceftriaxone.  For further abbreviations see legend to table 1.



COPD and fever up to 39°C.  Initially, treatment with
co-trimoxazole seemed to result in clinical improve-
ment and decrease in temperature.  However, on February
6th, a second rise in temperature up to 39.4°C occurred.
At that time, PRP were cultured from the blood and spu-
tum, whilst on therapy with co-trimoxazole.   On the
chest X-ray, a lobar infiltrate was observed.  In spite of
treatment with cefuroxime (to which the isolate was
demonstrated to be sensitive by disk diffusion testing)
and gentamicin, and later erythromycin intraveneously,
the patient deteriorated and died after 2 weeks of anti-
biotic therapy.  A sputum culture taken at admission was
negative for PRP.

In the other patients, a relationship between death
and infection with PRP is hard to demonstrate because
of the poor condition of these patients.  In one patient,
who did not have a pulmonary infection at admission
and who was admitted because of psoriasis, infection
with PRP caused a lobar pneumonia.  He survived after
treatment with erythromycin intravenously.

Sensitivity testing and serotyping

Using the quellung reaction, all five isolates of PRP
that were available for testing were shown to be type 9.
The results of the MIC determinations are presented in
table 2.

The MICs of penicillin ranged 0.5–2.0 mg·l-1.  The
MIC of tetracycline was invariably 0.5 mg·l-1.  According
to the guidelines issued by the Dutch Working Party on
Standardisation of Sensitivity Testing (WRG), isolates
inhibited by ≤1.0 mg·l-1 tetracycline are considered to be
sensitive [14].  For erythromycin a breakpoint MIC of
1.0 mg·l-1 is advised by the WRG.  The MIC of ery-
thromycin varied between 0.06–0.12 mg·l-1, except for
one strain isolated from patient No. 7 (MIC ≥16.0 mg·l-1).
MICs of ceftriaxone were 0.5–1.0 mg·l-1 (breakpoint
MIC 4.0 mg·l-1).  The MIC of cefixime was ≥4.0 mg·l-1

for all isolates; according to the National Committee for
Clinical Laboratory USA (NCCLS) the susceptibility
limit for this oral cephalosporin is 1.0 mg·l-1.  All iso-
lates tested had MICs >8/40 mg·l-1 co-trimoxazole and
were considered to be resistant to this combination of
antibiotics.

Discussion

Spread of penicillin-resistant pneumococci within a
hospital has been described previously.  However, an
outbreak of this extent has not been reported before
[15–18].  In most cases - as in the present outbreak - the
condition concerned elderly patients with an under-
lying disease, such as COPD, bronchial carcinoma and/
or diabetes mellitus.  Heart failure, found in six pa-
tients, has not been reported before.  Risk factors for
carriership or invasive infections with PRP are the dis-
eases mentioned above, as well as age above 70 yrs,
immuno-suppression, and prior treatment with anti-
biotics, especially a beta-lactam antibiotic [8, 9, 19, 20].
In our patient group, the majority (11 out of 18 patients)
were treated with antibiotics prior to isolation of PRP.

In six patients, the antibiotic was a penicillin or a cephalo-
sporin.

Pneumococcal resistance to penicillin is not caused
by the presence of beta-lactamase, but is caused by
changes in penicillin-binding proteins. This implicates
a decreased sensitivity for other beta-lactam antibiotics
as well [21, 22].

In treatment of PRP, a distinction is made between
pneumococci with a MIC ≤1.0 mg·l-1 and pneumococci
with a MIC >1.0 mg·l-1.  The pneumococci mentioned
above were shown to have MICs varying between 0.5–
2.0 mg·l-1, indicating that such a distinction is arbitrary.

Upper respiratory tract infections and exacerbations of
COPD by PRP are theoretically accessible to treatment
with erythromycin.  However, reports of erythromycin
resistance in PRP are increasing [14, 23].  In The Netherlands,
erythromycin resistance in pneumococci is still at a
very low level [24].

Systemic infections with intermediately resistant pneu-
mococci (MIC ≤1.0 mg·l-1) can be treated by high dose
penicillin or third generation cephalosporins, such as
cefotaxime and ceftriaxone [9, 19, 25].  In infections
caused by highly resistant pneumococci (MIC > 1.0 mg·l-

1), treatment with high dose penicillin will often fail [9].
Some authors advise treatment with ceftriaxone or cefo-
taxime [26].  Due to change in penicillin-binding pro-
teins, MICs of cephalosporins will also increase 10–20
fold, as demonstrated by the MIC results in table 2.
Treatment of patients with meningitis caused by high
level penicillin-resistant pneumococci in particular may
cause serious problems.  Failure of treatment with cephalo-
sporins has already been reported [27].  Chloramphenicol
is not a good alternative because of a high failure rate,
which is possibly caused by a low bactericidal activity
against these pneumococci [26, 28].  The only antibi-
otics to which even penicillin-resistant pneumococci
remain susceptible are vancomvcin and teicoplanin
[25].  

Although interpretation of clinical outcome in this study
is difficult because of the small number of patients and
their serious underlying diseases, in most cases the fre-
quent changing of antibiotics, and the death of one patient
during therapy, indicate a very problematic treatment of
our patient group.  One patient was treated with teico-
planin, an antibiotic to which, like vancomycin, no resis-
tance has been reported.  However, these antibiotics are
expensive and they can only be administrated intra-
venously.

Without any particular measures undertaken to con-
tain the epidemic, the PRP have only been cultured occa-
sionally since June 1992 and now seem to have disappeared
completely.  Nevertheless, a more stringent strategy seems
to be indicated, considering the morbidity and cost that
infections with these micro-organisms involve.

We suggest that patients from whom PRP have been
cultured should be barrier nursed.  In addition, all
other patients on the same ward should be screened for
carriership of the penicillin-resistant pneumococci [15,
29, 30].  In patients with the PRP, an attempt should
be made to eradicate the bacteria by treatment with
erythromycin (if proved susceptible), with or without
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rifampicin.  In addition, mupirocin nasal ointment
should be prescribed [29, 30].

Obviously, a strategy as mentioned above is only
effective in countries with a low prevalence of PRP.
In countries such as Spain or Hungary, in which up
to 30% of all pneumococci are penicillin-resistant, iso-
lation of individual patients has become senseless [11, 12].

The spread of penicillin-resistant pneumococci has
repeatedly been linked to abundant antibiotic use, espec-
ially the frequent use of beta-lactam antibiotics [31].
It is, therefore, worth mentioning that the patient who is
thought to have introduced the penicillin-resistant pneu-
mococcus on the ward, was being treated in a clinical
trial with a new oral cephalosporin when the resistant
pneumococci were isolated for the first time.  Because
of their relatively unfavourable MICs oral cephalosporins
may easily select less sensitive pneumococci.

Since the trend towards increase of penicillin resis-
tance is expected to continue in the future, it may be
necessary to follow a more active strategy with regard
to pneumococcal vaccination of high risk patients.
Possibly not only should asplenic patients be vaccinated
but also patients with diabetes mellitus, the elderly and
alcoholics [32].
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