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Klebsiella pneumoniae Outbreak in a Cancer Unit of a General Hospital -
Predisposing Factors and Evaluation of the Impact of Intervention Measures
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Wemadear etrospectivecohort study of aprimary bloodstr eam infection outbreak in patients
of a cancer unit in a general hospital, evaluated the impact of intervention measures and
investigated the predisposing factors. Thetargeted predisposing factor swereselected based on
themedical literature. Thedataweretreated with univariateanalysisto calculatetherelative
risk, and statistical significancewasset at p<0.05. The presenceof along-term totally-implanted
central venouscatheter appearstobea predisposingfactor, whileaperipheral venouscatheter
appearsto have offered protection from infection. Thisisreinfor ced by fact that inter vention
measur escontrolled theoutbr eak, suggesting cr oss-contamination from acommon source. These
findings corroborate the fundamental role of the hospital infection control servicein early
intervention and reinfor cetheneed for continued training of health professionalsthat perform

thistypeof care.
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Hospital I nfection Outbreaks

Oneof thegreatest chalengesfor aHospita Infection
Control Service (HICYS) istheidentification and control
of outbresksof hospitd infections(HI), whichgenerdly
areidentified by epidemiologica surveillance (ES) and
by anactivessarchfor HI cases. According to Grinbaum
(2000) [1], “oneof theobjectivesof ES carried out by
the HI CSisto detect outbreaksbeforethe propagation
resultsinfurther harm.”

Inadditionto outbresk control intervention activities,
theHICSisa so charged withinvestigating thesource
of the agent and the means of transmission. Usually
Hlsarearesult of animbalance between the patient’s
defensemechanismsand microbiota. Themast common
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route of transmission of nosocomial pathogensison
the hands of the careteam; however, other potential
sourcesarewater, fomites, instrumentsand solutions.
Invasion by these agentsismost likely to occur dueto
poor aseptic techniques, failureof environment cleaning
measures, inefficient hand washing, ineffectivematerid
sterilization processes, etc. [2].

When an outbreak occurs, the HICS should
establish aninvestigation protocol, and athough this
protocol cannot aways befollowed inan exact order,
owingtotheurgency of intervention measures, it should
includeaninvegtigation of the patient, the environment
and theagent, in order to establish possblerisk factors
for further investigation, and to prove or disprovethe
hypothesesthat are devel oped. Theinvestigation of the
outbreak of aninfectiousdisease should consist of the
following steps[3]: 1) establish acase definition; 2)
make a diagnosis and check the veracity of other
“cases’; 3) determineif an epidemic exists, based on
the number of confirmed casesand on prior occurrence
of the disease; 4) define the objective of the
investigation; 5) analyzethe dataavailablewith regard
to characterigticsof time, spaceand people; 6) develop
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hypotheses; 7) test hypotheses; 8) evaluate the
prevention and/or control measures; 9) communicate
theresultsof analysistodl interested parties.

Description of an Outbreak of Klebsiella
pneumoniaein an Adult Patient Cancer Unit

Initialy, two casesof primary bloodstreaminfection
(BSl) by K. pneumoniaewerediagnosed in December
2002 in the adult cancer unit of a private general
hospital in the city of S&o Paulo. These cases, by
themselves, were not considered exceptional for this
unit; however, withinamonth, in January of 2003, five
more casesand onemorerelated to aperipherd venous
catheter (PVC) appeared, for atotal of eight cases
with the sametopography, the same agent, inthesame
environment and inthesame population. Inadditionto
the classic signsand symptoms of bacteremia, these
caseswerediagnosed by culturing two pairsof central-
and peripheral-blood samplesfrom each patient.

The pattern of casesindicated apossible exposure
of this patient population to an infectious agent. The
cases appeared in rapid success on and then declined
rapidly, suggestingacommon sourceof infectionanda
short interval of exposure[3].

The HICS acted to confirm the occurrence of the
outbresk, carried out intervention actionsfor itscontrol
and investigated the predisposing cause(s). After the
introduction of intervention measures, only two
contaminated patientswere detected in February 2003,
for atotal of 10 cases (seven BSI by central venous
catheter (CVC), oneBSl by PV C and two colonized).
The objectives of our study were: 1) to evaluate the
impact of the intervention measures to control an
outbreak of K. pneumoniaein an adult cancer unitin
a private general hospital; and 2) to discover the
predisposing causesfor the occurrence of thisoutbresk.

Material and M ethods

Thisretrospective cohort study was conducted from
December 2002 to February 2003 in an adult cancer

unit inamedium-sized private general hospital inthe
city of Sdo Paulo. The population under investigation
for predisposing causes consisted of 20 hospitalized
patientsinthisunit over thisperiod. Among thesepatients,
10 had been contaminated (eight presented BSl related
to CVC and PV C and two had been colonized by the
infectiousagent). Theother 10 (non-cases), which did
not present K. pneumoniaeinfection or colonization,
had been hospitalized inthesameunit and for thesame
period. Itwasnot possibleto carry out molecular typing;
however, al of the positive blood culture samplesand/
or periana swabs had the same phenotypic antibiogram
profile; dl thesampleswereonly resstanttoampicillin.

Initially, thefollowing intervention measureswere
introduced to control the outbreak: 1) identification of
the bacteremia cases; 2) identification of colonized
patients by weekly perianal swab culturesfromall of
the patientsin theunit; 3) contact isolation- segregation
of infected and colonized patients (division of the
professiona team for provision of care); 4) acohol gel
inindividua containersfor antisgpsisof thehands; 5)
gpecid careinvascular access(re-training for antiseps's
and bandaging); 6) hand washing.

Aninvestigation into the predisposing causeswas
initiated, using computer patient charts asthe data
source. A number of predisposing factors were
selected, based onthe scientific literature [4-6]. These
factors were judged most relevant to this patient
population: 1) presence of neutropenia; 2) type of
vascular access (as al of the patients had vascular
access); 3) duration of vascular access; 4) presence of
a central and/or peripheral venous catheter; 5)
parenteral nutrition during the outbreak; 6) blood
derivatives administered during the outbreak; 7)
duration of stay in theintensive care unit (ICU); 8)
presencein the operating room; 9) use of anebulizer
or vaporizer during the outbreak.

Thebasepathol ogy, hospitaization stay and vascular
insertion point werea soindicated in theliterature, but
they were not evaluated because the patients all
presented the same pathol ogy (cancer), asmilar mean
timeof hospitalization, which varied fromfivetonine
days, and the same insertion point for the CVC
(subdlavianvein).
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A spreadsheet was created, containing patient
identification, duration of hospitdization, blood culture
and anal swab results, as well as the other selected
predisposing factors. Univariateanalysiswasdonefor
each factor, and the Epi-Info version 6.04 statistical
program was employed. The Mantel-Haenszel chi-
square test was used to evaluate the statistical
ggnificanceof association (p).

Results

After theadoption of theintervention measures, only
two cases of colonization were detected in February
of 2003. From then until August 2003, no other case
of infection or colonization was detected in the cancer
unit. Thisindicates that the interventions that were
adopted controlled the outbreak and broke the
transmissonchain. A fal intheincidenceof HI related
to the CV C was al so observed when compared with
indicesprior to the outbreak.

Theresultsof theinvestigation into predisposing
factorsare presentedin Tables 1 and 2.

Among thefactorsconsdered, exposureto atotally
implanted CVC (Port-A-Cath type) resulted in an
approximately four timesgregter risk for theoccurrence
of theinfectiousevent (RR=3.86and p=0.057). A
PV C may have helped protect against BS| in those
patientswho used them, with or without s multaneous
CVCuse(RR=0.26 and p=0.057). The confidence
interval of 95%for these associationsshowed thevalues
tobeat thelimit of atistica sgnificance, most probably
duetothelimited number of cases.

According to Waldman (2000) [ 3], who discussed
thelimitations of such studies: “ despite thefact that
investigationsof outbresksarean important instrument
for health services, we must point out afew of their
limitations, whichinclude: @) itisgenerdly not possible
to use well-planned research protocols; b) it is
frequently aninvestigation that usesdifferent sources
of information, which can vary dramatically in
completenessand accuracy, asdoesthe purposewith
whichthey wereoriginaly recorded; c) unlikeplanned
studies, in which the size of the sample is properly

established by epidemiologigts, withinvestigationsinto
outbresksthenumber of casesisgenerdly smdl, which
makestheanaysisof anumber of aspectsdifficult.”

Inan effort to determineif therewasarel ationship
between the event and CV C use, the duration of use
wasanalyzed. It was observed that more than half of
the CV C (73%) had beenimplanted in the patientsfor
morethan 30 days. Themean duration for the (infected)
caseswasfar longer (348 days) than for the non-cases
(64 days).

Discussion

Theagent involved, K. pneumoniae, ispart of the
respiratory and intestinal microbiotaof humansandis
isolated from the oropharyngeal cavity at afrequency
of 1t06%[7]. Itisstrongly associated withinfections,
suchaspneumonia, urinary infectionsand septicemias,
sncethe hospital environment isassociated withlong-
term hospitalized patientsand/or thosewho have been
inthel CU, mainly those submitted to oropharyngeal
intubation, for which the hand of the healthworker is
themain vehiclefor the spread of the agent among the
hospitalized patients [8]. Between half and three-
quarters of al the bacteremias caused by this agent
originateinthehospitd; thereforethey areresistant to
ampicillin and carbenicillin, and are frequently
susceptible to cephalosporins, cotrimoxazole,
aminoglycosidesand imipenem[9]. Thispatternwas
alsofoundinour study, asthe HI caseswere caused
by ampicillin-resistant K. pneumoniae.

Primary bacteremias can occur without apparent
infectious sources, however there is often an
association of diseasewith mechanismsfor accessto
the vascular system. In the hospital environment,
vascular access and contaminated intravenous
infusonsareofteninvolved. Most of theseinfections
occur inthe ICU and in other unitsfor the treatment
of serioudly ill patients[10].

Every patient in this study had a mechanism for
vascular accessand most of the BSI casesoccurredin
thosewith long-term CV C, of the Port-A-Cath type,
already punctured and the only accessin use.
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Tablel. Predigposing factors, rdativerisk (RR) and Satistical Sgnificancefor blood streaminfection by Klebsiela

pneumoniae
Cases Non-Cases RR P Cl 95%

Predisposingfactors  Exp. Notexp. Exp. Not exp.

Neutropenia 3 7 2 8 1.29 0.61 0.52-3.15
Port-A-Cath 9 1 5 5 3.86 0.057 0.62-24.08
Hickman 0 0 1 9 0 0 0
Long-termparenteral O 0 2 8 0 0 0
nutrition

ICU 0 0 2 8 0 0 0

Surgical center 2 8 2 8 1 1 0.33-2.99

Peripheral venous 1 9 5 5 0.26 0.057 0.04-1.62

catheter

Blood derivatives 0 0 4 6 0 0 0

Vaporizer/nebulizer 1 9 2 8 0.63 0.54 0.12-3.32

P: probability; ClI: confidenceinterval; Exp.: exposed; |CU: intensive care unit.

Table?2. Duration of central catheter usein cases and non-cases of bloodstream infection

Duration Cases Non-Cases Total

(days) N % N % N %
Upto 7 days 0 0 0 0 0 0
8-30 days 2 22 2 33 4 27
>= 31 days 7 78 4 67 11 73
Totd 9 100 6 100 15 100

Itiswell knownthat most BS| casesarerelated to
CVCus. Therisksrisewhenserioudy ill patientsare
grouped together, depending on the type of disease
(immunodepression), whenever there are irregular
insertion conditions(electivevs. urgent), and depending
onthetype of catheter (tunneled vs. non-tunneled or
subclavianvs. jugular). Catheter characteristicsmust
also be considered, such asthe polymer with which
they aremanufactured, aswell asvirulencefactorsof
themicroorganiam. Invitro studiesshow that polyvinyl

and polyethylene catheters are less resistant to the
adherence of microbes than those made of Teflon,
siliconeand polyurethane[11].

Themaost common path of infection by short-term
peripherally-inserted catheters is the migration of
microorganismsfromtheskinto the point of insertion.
Inlong-term catheters, contamination from the catheter
connection contributes substantially to intraluminar
colonization. Occasionally, catheters can become
hematogenically contaminated, and, less often,

www.bjid.com.br



BJID 2005; 9 (June)

Klebsiella pneumoniae Outbreak in a Cancer Unit 229

contamination may occur fromintravenousinfuson. The
point at which the catheter isinserted also influences
the subsequent risk of infection [11].

An implanted catheter isatype of CVC that is
implanted in a subcutaneous chamber, in the
subclavicular region [10]. The Port-A-Cath typeis
made of silicone or tunneled polyurethane and a
reservoir, generally made of titanium, with asilicone
membrane, which makesmultiple puncturespossble.
It is implanted in the subcutaneous tissue with a
chamber that securesit in placeand which facilitates
puncture with a special needle. It is a long-term
(approximately five years) catheter and isassoci ated
with a low risk of blood stream infection (0.21
episodes/1000 days of catheter), when compared
with other tunneled catheters (2.77 episodes/1000
days) [12,13].

The infections found in our study were mainly
relatedtolong-term CV C use. Thedetermining factor
in this association may be the greater number of
punctures in the cases than in the non-cases, since
the mean duration of catheter usefor the caseswas
348 days, while it was 64 days for the non-cases.
The occurrence of an outbreak caused by asingle
microorganism suggests a common exogenous
contamination source, probably dueto carel essness.
Except for one caseg, all the patientshad aCVC as
the only meansof accesstothevascular system. This
is reinforced by the suggestion that the PVC
appearedto serve as a protective factor, since it
receiveslessmanipulation thanthe CV C and therefore
presentsalower risk of contamination.

Conclusions

Although the Port-A-Cath type CVC may have
been a predisposing factor for BSI, it alone was not
responsiblefor the occurrence of thisoutbreak. The
determining factor of the outbreak appearsto have been
carelessnessin handling during care procedures, since
after thereview of intervention measuretechniques and
retraining of hand hygiene, theoutbreak was controlled.
Althoughthereservoir and the source of thisagent were

not identified, it isclear that cross contamination was
determinant for these occurrences during the care
procedures, and that the hospital infection control
service' scontinuous and permanent oversight and the
training of health professionalswho directly carefor
patientsare fundamentally important.
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