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Streptococcus pneumoniae (S. pneumoniae) is one of the most common bacterial
pathogens in community‑acquired pneumonia. However, nosocomial pneumococcal infections are more
and more widely observed.
Objectives The aim of the study was to analyze nosocomial outbreak in one of the Polish hospitals
and to characterize the causative isolates.
Patients and methods Within 10 days, in 6 patients receiving an antimicrobial therapy due to a primary
disease, pneumococcal infections of the lower respiratory tract were identified. All patients, except 1
patient with asthma, were hospitalized due to exacerbation of chronic obstructive pulmonary disease
(COPD). The isolates were identified by standard methods. The serotypes of S. pneumoniae were de‑
termined by the Pneumotest‑Latex kit. The relatedness among isolates was evaluated by restriction
fragment length polymorphism followed by pulsed‑field gel electrophoresis (RFLP‑PFGE). Multilocus
sequence typing (MLST) was performed for a representative isolate.
Results The outbreak was suspected when characteristic multidrug‑resistant pneumococci were
isolated from patients of a single ward. The outbreak was confirmed by molecular typing techniques.
All isolates belonged to serotype 14 and shared the RFLP‑PFGE pattern. MLST for a representative isolate
revealed that it was a member of the epidemic Spain9V‑ST156 clonal complex.
Conclusions Timely implementation of infection control measures enabled to eradicate the outbreak.
Pneumococcal conjugate vaccine, recently registered for use in adult populations, may have a consi‑
derable effect on limiting pneumococcal disease‑associated morbidity and mortality. It is especially
important for patients with COPD, a disease entity that constitutes a risk factor for the acquisition of
multidrug‑resistant pneumococci.
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Introduction

Introduction

Streptococcus pneumoniae (S. pneumoniae) causes a wide spectrum of community‑ac‑
quired diseases, ranging from common upper re‑
spiratory tract infections, through pneumonia, to
very severe invasive infections including meningi‑
tis and sepsis. Although epidemics or outbreaks of
pneumococcal disease have been described, the vast
majority of pneumococcal diseases occur as spo‑
radic cases.1‑4 Outbreaks are rare and restricted to
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crowded settings, such as day care centers, nursing
homes, military camps, and prisons.4‑8 Hospital out‑
breaks have also been reported. However, they are
typically prolonged, lasting over extensive periods of
time such as weeks, months, or even years.9‑11 We re‑
port a nosocomial outbreak caused by multidrug‑
-resistant S. pneumoniae isolates, which occurred with‑
in 10 days in a single ward of a pulmonary diseas‑
es hospital.
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Patients and methods Pneumococcal iso‑
lates were cultured from sputum (evaluat‑
ed by the number of white blood cells and epi‑
thelial cells, together with the presence of mu‑
cus threads) or bronchoalveolar lavage (BALF).
All isolates were identified based on typical mor‑
phology, Gram stain, susceptibility to optochin
(bioMerieux, France), and bile solubility.12 Sero‑
types of S. pneumoniae were determined by la‑
tex agglutination using the Pneumotest‑Latex
kit (Statens Serum Institut, Denmark). Minimal
inhibitory concentrations (MICs) for penicillin,
amoxicillin, cefotaxime, erythromycin, azithro‑
mycin, clindamycin, ciprofloxacin, levofloxacin,
moxifloxacin, tetracycline, rifampicin, chloram‑
phenicol, linezolid, and vancomycin were deter‑
mined by Etest (AB Biodisk, Sweden) or M.I.C.
Evaluators (Oxoid, United Kingdom) according
to the manufacturers’ instructions. Susceptibili‑
ty to telithromycin was evaluated by the disc dif‑
fusion method (15 µg, Becton Dickinson, Unit‑
ed States). The results were interpreted accord‑
ing to the Clinical and Laboratory Standards In‑
stitute guidelines, and isolates with MIC 4 mg/l
of ciprofloxacin were considered nonsuscepti‑
ble.13,14 The quality control strain was S. pneumoniae ATCC 49 619.
The relatedness among isolates was evaluat‑
ed by pulsed‑field gel electrophoresis (PFGE) of
SmaI‑digested chromosomal DNA, as previous‑
ly described.15 A representative of the isolates
was characterized by multilocus sequence typ‑
ing (MLST), multiple loci variable number of tan‑
dem repeats analysis (MLVA), and sequencing of
the quinolone‑determining regions (QRDRs) in
the gyrA, gyrB, parC, and parE genes.16‑18
Outbreak description The outbreak occurred at the
Department of Pulmonary Diseases and Respira‑
tory Failure in the Regional Centre of Pulmonol‑
ogy in Bydgoszcz, in a 28‑bed respiratory ward,
where from 61% to 100% of beds were occupied
at the time of the outbreak. From 2 to 11 Janu‑
ary 2009, 6 patients hospitalized due to chronic
pulmonary diseases and located in 2 rooms de‑
veloped new symptoms of acute lower respirato‑
ry tract infection (LRTI) after 6 to 25 days of hos‑
pitalization (TABLE ). Three cases involved male pa‑
tients sharing the same 3‑bed room, followed by
3 cases in a female 3‑bed room of the same ward.
A nosocomial transmission was first suspected
when a characteristic multiresistant S. pneumoniae was isolated from the second patient (case 2)
located in the same room as the previous patient
(index case) 4 days later. In 4 patients, pneumo‑
nia was recognized based on the X‑ray pictures,
1 patient had an acute exacerbation of chronic ob‑
structive pulmonary disease (COPD), and 1 pa‑
tient with asthma had LRTI. Patients’ age ranged
from 56 to 73 years and all of them had multi‑
ple comorbidities such as COPD, diabetes, hy‑
pertension, hypothyroidism, obesity, hyperlipi‑
demia, or cardiomyopathy. Patients received ex‑
tensive antimicrobial treatment before and during
362

POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ

the outbreak; however, in most cases, the prior
treatment did not cover the susceptibility profile
of the infecting S. pneumoniae (TABLE ).
Prior to the outbreak, 5 patients were already
hospitalized due to acute exacerbation of COPD
(III–IV Global Initiative for Chronic Obstructive
Lung Disease in respiratory failure) and, in 1 case,
due to asthma exacerbation; 4 of these patients
were hospitalized at least for 8 days. One male
patient (case 2) was previously hospitalized for
25 days and then discharged. However, in the eve‑
ning of the same day, he returned to the hospital
with progressive difficulty in breathing, weakness,
and a temperature above 39oC. A similar situation
occurred with 1 female patient (case 6), who was
readmitted to the same hospital with new symp‑
toms 2 days after discharge. Finally, she died from
respiratory failure, 38 days after the appearance
of symptoms connected with pneumococcal in‑
fection due to a serious primary condition.
Control of the outbreak On January 12, the follow‑
ing infection control measures were implement‑
ed to limit the spread of the outbreak: isolation
of infected patients, reinforced sanitary regimen
(disposable masks and coats for patients and the
personnel, use of bactericidal lamps, instruction
of patients concerning hand washing and disin‑
fection), limitations for visitors to the ward and
enhanced supervision of the compliance with
the above recommendations by the hospital in‑
fection control team. Beyond that date, the out‑
break was eradicated since no further nosocomi‑
al transmission of pneumococci was observed.
mutation in gyrA and the S82F mutation in parC
(the R6 numbering). Additionally, parC and parE
harbored the K140N and the I460V polymor‑
phisms, respectively; no changes were observed
in the QRDR of gyrB.
Discussion

Infections caused by S. pneumoniae
are most prevalent in the extreme age groups and
account for more deaths than any other vaccine‑
-preventable bacterial disease.1‑2 Although pneu‑
mococcal infections are mostly sporadic commu‑
nity‑acquired cases, they may occur as outbreaks,
mainly in institutional settings.4‑8 The short‑term
outbreak described here was unusual because it
encompassed patients already receiving antimi‑
crobial therapy due to the primary disease. How‑
ever, it did not prevent the outbreak because in
most cases it did not cover multidrug‑resistant
S. pneumoniae responsible for the infection in all
patients. The outbreak was noted due to the vig‑
ilance of doctors and microbiologists when new
symptoms appeared in the second and further pa‑
tients of a single ward along with the isolation of
characteristic multidrug‑resistant pneumococci.
The outbreak was confirmed by laboratory
analyses. Five pneumococcal isolates available
for further testing shared the genotype and se‑
rotype, and together with the isolate from the in‑
dex case displayed a very similar drug‑resistance
profile, thus strongly indicating their nosocomial
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6

female

female

male

female

male

male

Sex

AECOPD

AECOPD

AECOPD

asthma

AECOPD

AECOPD

Reason for
hospitalization

11 Jan 2009c

9 Jan 2009

7 Jan 2009

6 Jan 2009

6 Jan 2009b

2 Jan 2009

Date of new
symptomsa

30 Dec 2008 – 29 Jan 2009

29 Dec 2008 – 9 Jan 2009;
11 Jan 2009 – 18 Feb 2009d

AECOPD

24 Dec 2008 – 21 Jan 2011

pneumonia

pneumonia

29 Dec 2008 – 19 Jan 2009

12 Dec 2008 – 6 Jan 2009
6 Jan 2009 – 30 Jan 2009

pneumonia

LRTI

23 Dec 2008 – 16 Jan 2009

Dates of hospitalization

pneumonia

Second diagnosis
associated with new
symptoms

CFZ: 3 × 1.0 g (11.01.09–13.01.09)
CRO: 1 × 2.0 g (14.01.09–22.01.09)
PEN: 3 × 3 mln (17.01.09–22.01.09)
MEM: 3 × 1.0 g (23.01.09–30.01.09)

CFP/SUL: 2 × 2.0 g (30.12.08–02.01.09)
CAZ: 2 × 1.0 g (03.01.09–11.01.09)
AMK: 2 × 0.5 g (03.01.09–11.01.09)
MXF: 1 × 0.4 g per os (12.01.09–21.01.09)

AMC: 3 × 1.2 g (24.12.08–28.12.08)
CAZ: 2 × 2.0 g (29.12.08–08.01.09)
CRO: 1 × 2.0 g (09.01.09–11.01.09)
VAN: 2 × 1.0 g (10.01.09–20.01.09)

CLR: 2 × 0.5 g per os (29.12.08)
DOX: 2 × 0.1 g per os (30.12.08–06.01.09)
CRO: 1 × 2.0 g (07.01.09–18.01.09)

AMC: 3 × 1.2 g (12.12.08–17.12.08)
CRO: 1 × 2.0 g (18.12.08–31.12.08)
CIP: 2 × 0.4 g (06.01.09–11.01.09)
CRO: 1 × 2.0 g (12.01.09–27.01.09)

AMC: 3 × 1.2 g (23.12.08–04.01.09)
CRO: 1 × 2.0 g (05.01.09–15.01.09)
TZP: 3 × 4.5 g (06.01.09–15.01.09)

Antibacterial treatment (iv)e

arterial hypertension, osteoporosis

obesity, arterial hypertension,
hypothyroidism

type 2 diabetes, mixed hyperlipidemia,
coronary artery disease with angina,
status post PCI with stent placement to
left main coronary artery, ischemic and
hypertensive cardiomyopathy without
heart failure.

type 2 diabetes, hypothyroidism, depressive
disorders, primary biliary cirrhosis, status
post cholecystectomy

thoracic aortic aneurysm, liver insufficiency

type 2 diabetes, heart failure secondary to
hypertensive cardiomyopathy

Comorbidities

Abbreviations: AECOPD – acute exacerbation of chronic obstructive pulmonary disease, AMC – amoxicillin/clavulanic acid, AMK – amikacin, CAZ – ceftazidime, CFP/SUL – cefoperazone/sulbactam, CFZ – cefazolin, CIP –
ciprofloxacin, CLR – clarithromycin, CRO – ceftriaxone, DOX – doxycycline, iv – intravenous, LRTI – lower respiratory tract infections, MEM – meropenem, MXF – moxifloxacin, PEN – penicillin G, TZP – piperacillin/tazobactam,
VAN – vancomycin

Antimicrobials used after the detection of new symptoms are marked in bold.

a the day of hospitalization when new symptoms developed is given in brackets
b after 25 days of hospitalization, the patient was discharged from the hospital; however, in the evening of the same day he returned to the hospital with new symptoms
c the patient returned to the hospital with new symptoms 2 days after being discharged
d the patient died due to the primary disease
e antimicrobials were given intravenously, otherwise as indicated

56

64

3

5

59

2

73

70

1

4

Age, y

Clinical details of outbreak patients

Case no.

Table

transmission. The isolates belonged to serotype 14,
whose representatives are the most common
cause of invasive pneumococcal disease in Pol‑
ish children under 5 years of age and, along with
the isolates of serotype 3, in the whole Polish
population. Moreover, Polish pneumococi of se‑
rotype 14 are typically multidrug‑resistant and in‑
clude, compared with other serotypes, the high‑
est percentage of isolates with penicillin MICs
of >0.06 mg/l (70.2%) and cefotaxime MICs of
>0.5mg/l (54.8%).19 MLST and MLVA showed
that the outbreak isolates belonged to the clonal
complex Spain9V‑ST156, representing its variant
of serotype 14 (Spain9V‑ST156‑14). Pneumococ‑
ci of this complex have global distribution, and
in Poland dissemination of its representatives
in a relatively short period of time greatly con‑
tributed to the increasing prevalence of penicil‑
lin‑nonsusceptible pneumococci, especially among
invasive isolates.20 Originally, the Spain9V‑ST156
clone was characterized by susceptibility to mac‑
rolides and tetracycline; however, the represen‑
tatives of this clone, resistant to these com‑
pounds, were observed recently.21,22 Isolates be‑
longing to the Spain9V‑ST156 clone occurred also
among pneumococci nonsusceptible to ciproflox‑
acin; however, they did not have the alterations
in QRDRs as the ones observed among the out‑
break isolates and were levofloxacin- and mox‑
ifloxacin‑susceptible.23 These observations fur‑
ther underline the epidemiological importance of
Spain9V‑ST156 as being capable of rapid adaptive
changes, especially concerning antimicrobial resis‑
tance, as observed previously for β‑lactams.20
For 2 patients (cases 1 and 6), combined thera‑
py with 2 antimicrobial agents was administered
after isolation of S. pneumoniae. The first patient
received ceftriaxone with piperacillin/tazobac‑
tam because with the new symptoms, Pseudomonas aeruginosa (the same as from the primary cul‑
ture at the beginning of the hospitalization) to‑
gether with S. pneumoniae had been isolated from
sputum samples. The S. pneumoniae isolate re‑
sponsible for case 6 was susceptible to penicillin
(1 mg/l) but intermediately susceptible to ceftri‑
axone (2 mg/l); therefore, an initial therapy with
the latter antibiotic was supplemented with pen‑
icillin after obtaining the results of susceptibili‑
ty testing (TABLE ).
Five of 6 patients affected by the outbreak suf‑
fered from COPD, a disease that is the major cause
of death and disability throughout the world, and
is a risk factor for the acquisition of multidrug‑
-resistant pneumococci.9, 24 Additionally, isolates of
the clone Spain9V‑ST156 are often piliated, which
helps them to adhere to human epithelial cells
and may facilitate nasopharyngeal colonization.25
Polysaccharide pneumococcal vaccine (PPV) has
been used for many years to limit pneumococcal
infections, especially in the at‑risk adult popula‑
tion; however, this type of vaccine does not influ‑
ence colonization. The results of randomized clin‑
ical trials with PPV and their meta‑analyses have
demonstrated protective effect against invasive
364
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pneumococcal disease (IPD) and all‑cause‑pneu‑
monia among healthy young adults as well as, to
a lesser degree, protection against IPD in indi‑
viduals aged over 65 years.26 A new possibility to
reduce the incidence of pneumococcal infections
and carriage appeared with pneumococcal conju‑
gate vaccines, which offer long‑term protection for
small children and bring an indirect effect of cre‑
ating a herd immunity, observed also in Poland.27
Although conjugated vaccines were formulated
for pediatric use, recently one of them was regis‑
tered also for use in adults, which may contribute
to the limitation of IPD‑associated morbidity and
mortality in this population, especially in cases
and outbreaks caused by bacteria with decreased
susceptibility to antibiotics. In parallel to that, it
is necessary to maintain infection control in hos‑
pitals, which is a crucial measure for the outbreak
recognition and containment.
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wywołane przez klon Spain9V‑ST156‑14
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Słowa kluczowe

Streszczenie

Streptococcus
pneumoniae, szpitalne
ognisko epidemiczne,
wielolekooporność

Streptococcus pneumoniae (S. pneumoniae) jest jednym z najważniejszych czynników
etiologicznych pozaszpitalnego zapalenia płuc. Jednak coraz częściej obserwuje się zakażenia szpitalne
wywoływane przez ten drobnoustrój.
Cele Celem pracy była analiza ogniska epidemicznego zakażeń pneumokokowych w jednym z polskich
szpitali i charakterystyka odpowiedzialnych izolatów.
Pacjenci i  metody W ciągu 10 dni, u 6 pacjentów oddziału chorób płuc poddawanych antybiotyko‑
terapii z powodu choroby podstawowej, wystąpiły zakażenia dolnych dróg oddechowych wywołane
przez pneumokoki. Z wyjątkiem jednego pacjenta z astmą, wszyscy pozostali byli poddani hospitali‑
zacji z powodu zaostrzenia przewlekłej obturacyjnej choroby płuc (POChP). Izolaty zidentyfikowano za
pomocą rutynowych metod. Serotypy S. pneumoniae określono stosując zestaw Pneumotest‑Latex.
Pokrewieństwo izolatów oceniano na podstawie polimorfizmu długości fragmentów restrykcyjnych
w elektroforezie w zmiennym pulsowym polu elektrycznym (restriction fragment length polymorphism
followed by pulsed‑field gel electrophoresis – RFLP‑PFGE). Analizę sekwencjonowania fragmentów genów
podstawowego metabolizmu komórkowego (multilocus sequence typing – MLST) przeprowadzono dla
przedstawiciela badanych izolatów.
Wyniki Podejrzenie wystąpienia ogniska epidemicznego nasunęło się po wyhodowaniu od pacjentów
jednego oddziału pneumokoków o charakterystycznej wielolekooporności. Wystąpienie ogniska potwier‑
dzono technikami biologii molekularnej. Wszystkie izolaty należały do serotypu 14 i były nierozróżnialne
w analizie RFLP‑PFGE. Analiza MLST przeprowadzona dla przedstawiciela badanych izolatów wykazała,
że należał on do epidemicznego kompleksu klonalnego Spain9V‑ST156.
Wnioski Szybkie wdrożenie zaleceń kontroli zakażeń pozwoliło wygasić opisywane ognisko epidemicz‑
ne. Niedawno zarejestrowana do stosowania u dorosłych koniugowana szczepionka przeciw pneumo‑
kokom może mieć znaczący wpływ na ograniczenie liczby zakażeń pneumokokowych i związaną z nimi
śmiertelność. Jest to szczególnie ważne w przypadku pacjentów z POChP, jednostką chorobową będącą
czynnikiem ryzyka nabywania wielolekoopornych pneumokoków.
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Zgłoszono sprzeczność interesów:
AS, ES i WH otrzymywały
pomoc umożliwiającą udział
w spotkaniach naukowych oraz
honoraria z tytułu wygłoszonych
wykładów finansowane przez
firmy GlaxoSmithKline (AS i WH)
oraz Pfizer (AS, ES i WH). AS jest
członkinią Komitetu Doradczego
firmy Pfizer.
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