BENE2006-002

AN EPIDEMIC, TOXIN GENE-VARIANT STRAIN OF CLOSTRIDIUM DIFFICILE

cautions in hospitals. Infect Control Hosp
Epidemiol 1996;17:53-80. (Erratum, Infect
Control Hosp Epidemiol 1996;17:214.]

34. Sehulster L, Chinn RY. Guidelines for
environmental infection control in health-
care faciliies: recommendations of CDC
and the Healthcare Infection Control Prac-

N ENGL J MED 353,23 WWW.NEJM.ORG

tices Advisory Committee (HICPAC). MMWR
Recomm Rep 2003;55(RR-10):1-42.

35. Boyce JM, Pittet D. Guideline for hand
hygiene in health-care settings: recommen-
dations of the Healthcare Infection Con-
trol Practices Advisory Committee and the
HICPAC/SHEA/APIC/IDSA Hand Hygiene

Task Force. Infect Control Hosp Epidemiol
2002;23:Suppl:$3-540.

36. Gerding DN, Johnson S, Peterson LR,
Mulligan ME, Silva ] Jr. Clostridium difficile-
associated diarrhea and colitis. Infect Con-
trol Hosp Epidemiol 1995;16:459-77.
Copyright © 2005 Massachusetts Medical Society.

DECEMBER 8, 2005

Downloaded from www.nejm.org at INSTITUTION NAME NOT AVAILABLE on December 12,2005 .
2005 Massachusetts Medical Society. All rights reserved.

Copyright

-246-

2441



~-Lye-

AR
EXS PIR#E REREE
: #&H F—8AFH | FEXREFORXS |RELEE
£ - 353 &=
RAES - BEOH 2006. 2. 21 L
— it B H5 B oRRS A M A ARE
Guevara RE, Tormey MP, Nguyen
MR D2 F KR |DM, Mascola L. Transfusion. 2006
RS (BEA) FREGASILNET 7R ) (B A4 Feb;46(2):305-9. *[E
O/ RBAN 50 5 A7 U7 W T P o YT
5 0 RN M 15 RSB T p OTOLI. MAIEE R AR 0L B DS IR N TV B, RO | D g i S ML
FARLLCHEBOEN THEA, YATY7 B ERRRMLS| SR L0 %<, BRBII20% THE, TR R £
SRS : L/ MEBL LR D B\ MIEGRIE OSSR <=7 R BIEH RO MEAS, UATY 7 BRI L2 o7, SyREpRo | FTRFORR IR T B IR )
W | SART AR S N BRKBIPFGE) 37— 1k, CDCODT —F ~—RPulseNet P OMD Sy BEpR2BRE — B LT, ARBEMN |
% |[ENOE, EIEENE TH oI O M/IMIB I E I O2BRASEFRICBIEL TODEVWSIEI RSN 0T, Mgz I 2V AR,
| |F6%i PRGEIEIC KOY AT Y TREGID s T A5 — B RIENT A, BRI RIT T Tho, ARMAENICRBL 258N, (M, RS O/ME%
g [FELRCBRESNILESDHD, MEBAOLEAER LT, =~ A7V ARUBREOKESLETHD. vCIDFDARRRDY RS
(/)] :
=
=
BELROER SHRORE
5878 B MEHUOR D ML/ MR BRI D, VAT )T EARHEShzE | BARR+F TR, TIENAEICROBRRBET FT ) (EK
DHETHD, 17463 A 10 B AR A FEEE0310009%) (23T BIAN AR T %4
VA DRFREOTFE . Ml ICHECMERRSEDNOE SO
X2 E BB B AL TV D,
SHLIEROWEIE DD, BMIRREDOEALLL IZHEERTE
LT BHE OV THORFIEED D,
S

MedDRA/J Ver.9.0J




JRC2006T-006

TRANSFUSION COMPLICATIONS

Listeria monocytogenes in platelets: a case report

Ramon E. Guevara, Michael P Tormey, Dao M. Nguyen, and Laurene Mascola

BACKGROUND: Efforts to reduce bacterial
contamination in platelets (PLTs) have led to
implementation of tests for bacterial detection before
product release. Although relatively rare as a human
pathogen, Listeria monocytogenes ofien causes serious
iliness and has a case-fatality rate of 20 percent.
CASE REPORT: PLTs from an asymptomatic 58-
year-old Hispanic male with a long history of PLT
donation were culture-positive for the presence of

L. monocytogenes. The pulsed-field gel electrophoresis
(PFGE) pattern of the isolate matched two other

L. monocytogenes isolates in the CDC National PuiseNet
database. Public health investigation found no evidence
that the other two isolates were epidemiologically related
to the PLT donor, who remained asymptomatic.
CONCLUSION: A cluster of listeriosis cases was
detected by PFGE but the significance is unknown.
Organisms of public health significance should be
reported to health departments. Better surveillance and
reporting are needed in the efforts to improve blood
product safety.

ABBREVIATIONS: ARC = American Red Cross; LAC DHS = Los
Angeles County Department of Health Services; PFGE = pulsed-
field gel elecrophoresis; PHL = (LAC) Public Health Laboratory.
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ith successes in reducing transfusion-
transmitted viruses such as hurnan immu-
nodeficiency virus (HIV) and hepatitis
viruses,'* prevention of bacterial contam-
inadon has become the next goal for improving blood
product safety. Bacterial contamination of cellular blood
products occurs in approximately 33 per 100,000 cellular
blood product units cultured,*® with prevalence rates
ranging from 8 to 80 per 100,000 whole blood-derived
platelet (PLT) units, 0 to 230 per 100,000 apheresis PLT
units, and 0 to 3 per 100,000 red blood cell (RBC) units.’

Septic transfusion events due to bacterial contamina-
tion are less frequent, however, occurring in 1 per 100,000
blood product recipients.? Estimates of transfusion-trans-
mitted sepsis from different studies vary®!® but reflect
prevalence of transfusion-associated sepsis al 16 per
100,000 PLT units" and 0.4 per 100,000 RBC units trans-
fused.5” Possible explanations for the difference in bacte-
rial contamination and transfusion-transmitted sepsis
rates include low bacterial counts insufficient to recipient
symptoms, and the frequent use of antibiotics and other
recipient treatment that may mask the effects of bactere-
mia, including onset of sepsis.'*'® Also, one must recog-
nize that observation bias exists, particularly in the United
States, because reports of septic reactions likely reflect
only the more severe life-threatening events;** only fatal-
ities are required for reporting to the Food and Drug
Administration, and at present there is no national sur-
veillance for such reports. Moreover, underreporting
occurs because clinical personnel tend to overloock the
possibility of transfusion-associated septic cvents
because many recipients are immunosuppressed or
leukopenic and therefore are susceptible to bacteremia
owing to underlying disease or other causes.5!® Thus,
because of observation bias and underreporting, rates
of transfusion-transmitted sepsis may be considerably
higher.

Listeria monocytogenes is a gram-positive psychro-
philic {cold-loving) bacillus that causes the disease listeri-
osis. Although widely distributed, L. monocytogenes is
present in low numbers in most environmental habitats
and is rarely a commensal organism among humans. Nev-
ertheless, it can cause serious sporadic and epidemic
food-borne disease usually among people with lowered
immune systems, particularly the elderly, pregnant
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women, neonates, patients under immunosuppressive
therapy, and patients with cancer, renal disease, HIV or
AIDS, ar any other immunocompromising disease or con-
dition. Common signs and symptoms of listeriosis include
fever, muscle aches, nausea, diarrhea, headache, stiff
neck, confusion, loss of balance, convulsions, premature
birth, and stillbirth. Unlike reports for more common
food-bome diseases like salmonellosis and campylobac-
teriosis, reports of listeriosis usually describe serious ill-
ness, like sepsis or meningitis, causing hospitalization and
sometimes death. L. monocytogenes causes approximately
2500 illnesses, 2300 hospitalizations, and 500 deaths in the
United States per year and has a case-fatality rate of

20 percent.!” Risk foods include raw milk, raw-milk prod-

ucts like soft cheese, raw fruits and vegetables, raw or
undercooked meats and seafood, and ready-to-eat foods
like bagged salads, hot dogs, and deli meats. Because the
incubation period of L. monocytogenes ranges from 3 to
70 days with a median of 3 weeks, identifying the source
of infection is often very difficult.

We report a case of PLT contamination detected
before product release. Since late February 2004, the
American Red Cross (ARC) of Southem California has
tested all PLTs for bacteria. L. monocytogenes has not been
previously reported as a PLT contaminant. The investiga-
tion of this case demonstrates how an organism of public
health importance has potential health implications for
the donor and recipients and why collaborating with the
health department is important.

CASE REPORT

In October 2004, the ARC of Southern California reported
arepeat-positive bacterial culture result from an apheresis
PIT product that was subsequently split into 2 units.
The contaminating organism was identified as
L. monocytogenes. The contaminated PLTs were destroyed
and not released for transfusion. The donor made four
apheresis PLT donations in the subsequent month at a
hospital-based blood bank and these all tested negative
for bacterial contamination.

MATERIALS AND METHODS

To test for bacterial contamination, the ARC of Southern
California used an automated system (BacT/ALERT 3D,
bioMérieux, Durham, NC) with each aerobic bottle (BacT/
ALERT BPA) inoculated with 4.0 mL of PLT product. Sam-
pling devices included a sampling kit (SampLok, Innova-
tion Technology Licensing, Canberra, Australia) and a
sterile tubing welder (Terumo, Tokyo, Japan). Sampling
was carried out 24 hours after donation in a laminar flow
hood. A coniracted microbiology reference laboratory
performed Gram stain and species identification. For the
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described donor case, the mother bag and two daughter
bags were sampled with BacT/ALERT BPA aerobic bottles.
In addition, with the Terumo sterile tubing welder and
plastic transfer packs, 50 to 100 mL from each daughter
bag was taken for microbiologic testing.

To test for bacterial contamination in the later apher-
esis PLT donations by the described case, the haspital
blood bank used the classic bioMérieux BacT/ALERT
automated system. Each BacT/ALERT BPA aercbic bottle
was inoculated with 4.0 mL of PLT product and sampling
devices included a Terurmno sterile connecting device with
a Charter Medical (Winston-Salem, NC) plasma-fluid
transfer set. Sampling was performed 24 to 36 hours after
donation and was not in a laminar flow hood.

The Los Angeles County Department of Health Ser-
vices (LAC DHS) performs surveillance on listeriosis by
requiring all diagnostic laboratories and health-care
providers licensed in LAC to report cases and submit
L monocytogenes isolates to the LAC Public Health
Laboratory (PHL). The PHL confirms identification of
L. monocytogenes and uses Ascl and Apql enzymes to ana-
lyze isolates by pulsed-field gel electrophoresis (PFGE).!®
The PHL submits results to the Centers for Disease Con-
trol and Prevention (CDC) for comparison to a US
national database called PulseNet.”® When an isolate from
LAC has a similar if not indistinguishable PFGE pattern
with any other isolate in the national database and the
collection dates of the isolates occur within 120 days of
each other, CDC informs LAC DHS. Since 1985, LAC DHS
has investigated, collected, and analyzed listeriosis case
data for disease trends and outbreak detection.

Case investigation normally consists of collabora-
tions with hospital infection control practitioners, medi-
cal records offices, and LAC DHS public health nurses to
collect data on clinical presentation and predisposing fac-
tors. Ultimately the listeriosis surveillance epidemiologist
at LAC DHS interviews cases or available case relatives for
medical, food, and travel history.

The occurrence of at least two listeriosis cases with
the same source of infection confirms an outbreak. Since
1899, LAC DHS has used PFGE to assist in the identifica-
tion of outbreaks,® particularly when PEGE patterns are
rare and occur suddenly in more numbers. When investi-
gating situations that may become outbreaks, LAC DHS
investigators develop hypothesis-generating question-
naires o gather more details of possible sources of infec-
tion. The hypothesis-generating questionnaire for the
investigation described in this report consisted of ques-
tions on history of blood transfusion, dental work, exca-
vation around the home, travel, and food history specifics
such as purchase location, dates, frequency of consump-
tion, and food product brands and names. To improve
case detection, LAC DHS alerted all infection control prac-
titioners in LAC of the PLT findings and requested imme-
diate reports of listeriosis cases not yet reported.



RESULTS

In October 2004, the ARC of Southern California called
LAC DHS to ask if blood banks were required to report
blood products testing positive for the presence of
L. monocytogenes even if the donor was asymptomatic
and had no history of illness. LAC DHS verified that such
instances needed to be reported and learned from ARC
that two PLT bags from a single apheresis donation by a
58-year-old Hispanic male with no signs or history of ill-
ness tested positive for the presence of L. monocytogenes
(Case 1). Bacterial contamination was detected at
21.4 hours of incubation. The two daughter bags from
the plateletpheresis collection were gquarantined, and
although each tested negative for the presence of bacteria
after 5 days of incubation of the BacT/ALERT BPA aerobic
bottles, one of the 50 to 100 mL samples from the daughter
bags grew L. monocytogenes. This was the first time
the ARC of Southern California had identified
L. monocytogenes in a blood product.

In mid-November 2004, CDC informed LAC DHS that
two subsequent cases, one in LAC (Case2) and one in
Colorada (Case 3), shared the same PFGE pattern defined
by the Asd and Apal enzymes. Including these three inci-
dents, the pattern appeared only eight times (0.19%) in the
national database of 4167 isolates analyzed by both
enzymes. LAC had two other isolates with this pattern, one
occurring in 2003 {(Case4) and one in 1999. Despite a
health alert to all infection control practitioners in LAC,
no further listeriosis cases with this PFGE pattern were
reported.

Case investigation focused on the two 2004 LAC cases
but extended to Case3 and Case 4 (Tablel). The PLT
donor (Case 1) had no risk factors for listeriosis and ate
only a few risk foods (cottage cheese, Gouda cheese, moz-
zarella cheese). He had no symptoms of illness before or
during his Listeria-positive PLT donation. Since 2001, he
donated PLTs only and had made 12 donations since the
ARC started testing PLTs for bacteria. Because previous
donations were culture-negative and he was asymptom-
atic, the donor was allowed to continue donation. He was
not recuftured, but he subsequently made four separate
apheresis PLT donations at a hospital blood bank during
October and Novemnber and these were all negative for the
presence of bacterial contamination. In Case 2, a 58-year-
old Hispanic woman developed symptoms and died

Listeria monocytogenes IN PLTs

around the same time as the PLT donation of Case 1. She
died the day after hospital discharge with the cause of
death listed as breast cancer. Although her surviving rela-
tives recalled her getting a blood transfusion for anemia
2 months before her illness onset, hospital and hospice
records documented only the anemia and not the trans-
fusion. This case had multiple risk factors including breast
cancer with metastases to liver, bone, lung, and brain;
recent chemotherapy and steroid medication; and recent
antacid use. The patient of Case 2 also ate several risk
foods, such as Mexican-style fresh cheese, soft cheese, deli
meats, and raw seafood. The only common food to Cases 1
and 2 was mozzarella cheese. The distance between the
case residences, different brands of mozzarella, and lack
of further cases with history of mozzarella consumption
made the cheese an unlikely common source. Including
information from Case 3, a 74-year-old woman with liste-
riosis in October 2004, and Case 4, a 59-year-old man from
LAC with listeriosis and metastatic adenocarcinoma in
August 2003, no useful epidemiologic connections could
be made among these four cases other than the PFGE
pattern.

DISCUSSION

The most unusual characteristic of this listeriosis investi-
gation was thal the PLT donor was asymptormatic with no
history of recent illness. Listeriosis cases with bacteremia
normally have fever or at least some other symptom. In a
review of 1036 listeriosis cases in LAC, only one other non-
pregnant adult case had bacteremia and was asymptom-
atic. The best explanation the authors have regarding the
PLT donor is transient bacteremia. Bacterial contamina-
tion of blood products has been ascribed to wansient
bacteremia in the past.*™* Because CDC found two other
cases with the same rare PFGE pattern around the same
time frame, the reference laboratory of the ARC of South-
ern California grew cultures from two of five samples
taken at different times, and the PHL confirmed
L. monocytogenes, environmental contamination, false-
positive laboratory results, and skin contamination were
thought to be less likely explanations. Furthermore, the
lack of predisposing medical conditions in Case 1 proba-
bly contributed to his lack of symptoms as the other cases

had risk factors for listeriosis.
Listeriosis caused by transfusion has not yet been
reported, at least in the literature. In

States, 2003 to 2004

TABLE 1. Listeriosis cases with indistinguishable PFGE pattern—United

1998, a case report from Trinidad
described a premature infant returning
to the hospital with septicemia and

meningitis due to L.monocytogenes

Case Age (years) Sex Location Specimen collection date
1 58 Male LAC. CA September 27, 2004

2 58 Female LAC, CA October 1, 2004

3 74 Female Colorado October 19, 2004

4 59 Male LAC, CA August 14, 2003

approximately 4 days after receiving a
whole-blood transfusion.? Transfusion-
transmitted listeriosis, however, was not
definite because the mother was not

-250-
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ruled out as the source of infection and the whole blood
used for transfusion was not cultured. Over 3 years of
active surveillance of 60 to 70 percent of blood banks in
the United States, the Assessment of the Frequency of
Blood Component Bacterial Contamination Associated
with Transfusion Reaction Study (BaCon) found ne
L monocytogenes bacteremia cases; however, the BaCon
study defined bacteremia cases as blood product recipi-
ents with signs or symptoms occurring within 4 hours of
transfusion and required culture confinmation in both the
blood component and the patient, reducing sensitivity for
reported cases.®

The LAC case of the contaminated PLTs was detected
because the ARC of Southern California began testing
apheresis PLTs for bacterial contamination in February
2004. This was in anticipation of the standard the AABB
adopted on March 1, 2004, for blood banks and transfu-
sion services to have methods to detect and limit bacterial
contamination in all PLT components.® Whoie blood-
derived PLTs, RBCs, and plasma are not typically cultured
to detect bacterial contamination. Other proposed meth-
ods to reduce bacterial contamination in blood products
include improving donor screening, better skin disinfec-
tion, pathogen inactivation by chemical or photochemical
methods, and testing RBC units during the second week
of storage.>™% The overall benefits, costs, and risks need
to be carefully considered before implementing any
method to improve blood safety.

This investigation revealed that in conducting sur-
veillance for listeriosis, blood-related issues need more
scrutiny. Although iron overload has been established as
a risk factor for listeriosis,®* measurement of this suffers
from diagnostic bias because testing really only happens
for patients with repeated transfusions for severe or
chronic anemias such as thalassemia major, myelodyspla-
sia (including sideroblastic anemia), moderate aplastic
anemia, and Diamond-Blackfan anemia.® Given pub-
lished evidence of iron increasing the growth and lethality
of L.monocytogenes™ > researchers should measure
recent history of anemia, blood transfusions, and iron
supplements as risk factors for listeriosis.

The critical event for this case report was the ARC
reporting to the heaith departinent. Reporting by blood
banks and health-care facilities is necessary to determine
the risks and boundaries of possible outbreaks, particu-
larly if contaminated products are released for transfu-
sion. Although the contaminated products were not
released in this case, the donation history of the PLT donor
became important to determine whether he previously
donated RBC units that might have caused other cases.
Health departments in areas with little or no experience
with listeriosis might not have required notification of this
case. Because PITs and other blood components found
to be positive for the presence of reportable organisms
require notification of public health authorities, health
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departments at all levels of government should ensure
that reporting requirements are clear for various reporting
sources, especially blood banks, and in other settings
in which there are new guidelines or standards. A recent
CDC survey of clinicians demonstrated low awareness of
the new AABB standard for bacterial testing of PLTs and of
transfusion-transmitted infectious disease risks by bacte-
ria-contaminated PLTs.* This finding, plus the inclusion
of several statements to save culture isolates and notify
appropriate state and local health departments in the
AABB February 2005 guidelines for recognizing and man-
aging transfusion reactions, reflect the fact that better
surveillance and reporting are needed in the efforts to
improve blood product safety.
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Nosocomial bloodstream infections caused by Streptococcus pneumoniae

E. Bouza!, V. Pintado®, S. Rivera®, R. Bldzquez?, P. Musioz!, E. Cercenado®, E. Loza?, M. Rodriguez-
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ABSTRACT

A retrospective study of Strepiococcus pneumoniae bacteraemia among adult patients in two large
teaching hospitals in Spain identified 108 (10.6%) of 1020 episodes as nosocomial pneumococcal
bloodstream infections (NPBIs). Seventy-seven clinical records with sufficient data were available for
analysis. The interval between admission and a positive blood culture was 3-135 days (median 17 days;
interquartile range 8-27). The main underlying and predisposing conditions for NPBI were malignancy
(31%), chronic obstructive pulmonary disease (28.6%), heart failure (16.9%), chronic renal failure
(15.6%), liver cirrhosis (13%) and infection with human immunodeficiency virus (13%). Overall, 31.2%
of patients developed severe sepsis, 11.7% septic shock, and 3.9% multi-organ failure. The main portals
of entry were pneumonia (70.1%), meningitis (5.2%) and primary peritonitis (5.2%). Of the responsible
serogroups, 78% were included in the 23-valent polysaccharide vaccine. Thirty-five (45.5%) patients
died, with death considered to be related to the NPBI in 21 (27.3%) cases. Following multivariate
analysis, factors that independently predicted death after adjusting for age were: ultimately fatal
underlying disease (OR, 8.9; 95% CI, 0.8-94.3; p < 0.001); rapidly fatal underlying disease (OR, 15.0; 95%
CI, 2.8-81.3; p < 0.001); heart failure (OR, 8.11; 95% Cl, 1.1-60.8; p < 0.03); inadequate empirical therapy
(OR, 10.6; 95% (I, 1.2-97; p < 0.003); a severe sepsis score (OR, 9.5; 95% CI, 1.9-47.0; p < 0.001); and
septic shock or multi-organ failure (OR, 63.7; 95% (I, 4.9-820.7; p < 0.001). Adequate empirical therapy
was an independent protective factor (OR, 0.05; 95% CI, 0.04-0.58; p < 0.005), but the use of more than
one antimicrobial agent was not.

Keywords Bacteraemia, bloodstream infection, nosocomial infection, pneumococd, risk factors Sfrepiococcus
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8.9-41% of all pneumococcal bloodstream infec-

INTRODUCTION
C tions [1-8). This study describes the incidence,

Nosocomial pneumococcal bloodstream infec-
tions (NPBIs) are reported infrequently in the
literature, despite the fact that they represent
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clinical manifestations, treatment and outcome
of NPBI in two large teaching hospitals in
Spain.

PATIENTS AND METHODS
Study design and settings

The study was a retrospective cohort study carried out in
twao large teaching hospitals located in the city of Madrid,
Spain. The study was performed during the 8-year period
from January 1995 to December 2002, and included all adult
patients (aged >16 years) with oné or more blood cultures
from which Streptococcus preumoniae was isolated, and who
were considered to have acquired the infection in the
hospital (see below). Charts were reviewed according to a
pre-established protocol.
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Microbiological identification and susceptibility testing

S. pneumonize was identified using standard and well-recog-
nised procedures. Capsular serotyping of isolates was per-
formed at the Centro Nacional de Microbiologia (Instituto de
Salud Carlos I, Majadahonda, Madrid). Antimicrobial sus-
ceptibility tests were performed using a microdilution tech-
nique (Sensititre; Trek Diagnostic Systems, East Grinstead, UK)
and interpreted according to NCCLS recommendations [9].

Definitions and classifications

Nogocomial infections were defined according to CDC recom-
mendations [10}. NPBIs were defined as infections that were
demonstrated 272 h after admission, excluding those patients
who were suspected of having pneumococcal disease present
or in incubation at admission [11]. The underlying condition of
each patient before pneumococcal disease was rated according
to the McCabe and Jackson criteria [12], and categorised
according to the Charlson co-morbidity index [13). The
severity of the clinical condition of each patient with NPBI
was assessed by the APACHE 1l score for those admitted to the
intensive care unit (ICU) [14). The maximum severity of septic
illness until the moment of discharge or death of each patient
was assessed according to Bone's score [15]. The following
potential predisposing conditions for nosocomial bloodstream
infections were recorded: tracheal intubation, upper or lower
gastrointestiial endoscopy. bronchoscopy, nasogastric tube
insertion, central catheter line, indwelling bladder catheter,
surgery (in the previous 7 days), use of antimicrobial agents
(within 30 days before the episode) or corticosteroids (at least
10 mg of prednisone or equivalent for at least 7 days in the
2-week period before the episode), hospitalisation within the
preceding 3 months, liver cirrhosis, diabetes mellitus, total

teral nutrition (before the episode), low serum albumin
(< 3 g/dL), solid or haematological malignancy, heart failure,
alcoholism (> 50 g of alcohol ingestion/day), splenectomy (at
any time in the past), infection with human immunodeficiency
virus, chronic obstructive pulmonary disease, and chronic
renal failure (creatine > 1.5 mg/dL). The clinical origin of NPBI
was defined on the basis of clinical data or as a consequence of
the isolation of S. pneumoniae from a focus of infection.

Treatment parameters

Treatment parameters recorded were: number of active anti-
microbial agents received simultaneously for a minimum of
2 days, length of days on active antimicrobial therapy (receiv-
ing at least ane active drug); and treatment with penicillins,
cephalosporins (third and fourth generation), macrolides, co-
trimoxazole, flucroquinolones and other drugs {carbapenems,
other cephalosporins, aminoglycosides and glycopeptides).
Antimicrobial therapy during the first 24 h of treatment was
considered to be adequate when the patient received at least
one active antimicrobial agent during this period.

Outcome

Patients were finally classified as deceased or as having been
discharged. Death was classified as-related to the NPBI when
persistence of a clinical picture of sepsis at death could be
attributed to pneumococcal infection, or when death occurred
during the first week after blood cultures were taken.

Statistical analysis

Quantitative variables were calculated as a mean and standard
deviation (SD). Median and interquartile range were calcula-
ted when appropriate. Categorical data were analysed using
the chi-square test or Fisher's exact test, as appropriate, with
statistical significance set at p < 0.05. All p values were two-
tailed. A logistic regression model was used to examine the
effects of multiple risk-factors on mortality. Variables included
in the model were those found to reach a significance level of
p < 0.1 in the univariate analysis, together with the age of the
patients, since age is known to be a variable that has an
important impact on mortality.

~RESULTS

The population served by the two institutions
between 1995 and 2002 remained stable, at close
to 1175000 inhabitants. Between January 1995
and December 2002, there were 1092 episodes of
pneumococcal bloodstream infections in patients
of all ages, of which 1020 (93.4%) occurred in the
adult population. Overall, the estimated incidence
of pneumococcal bloodstream infections in adults
was 10.7 episodes/100 000 inhabitants/year. Of
the 1020 episodes of pneumococcal bloodstream
infections in adults, 108 (10.6%) were considered
to be nosocomial. Clinical charts with adequate
information were available for 77 of these 108
patients.

Of the 77 patients analysed, 55 were male and 22
were female, with a mean age of 64.34 years (SD,
16.89 years). The interval between admission and
the day of positive blood cultures for S. pneumoniae
ranged from 3 to 135 days (median, 17 days;
interquartile range, 8-27 days). Patients with NPBI
were located mainly in medical units (76.6%),
followed by surgical departmments (13%) and ICUs
(10.4%). There was no evidence of nosocomial
outbreaks or in-hospital transmission. The main
underlying -and predisposing conditions of the
patients with NPBI are summarised in Table 1.

The severity of the underlying condition was:
rapidly fatal, 8 (10.4%); ultimately fatal, 34
(44.2%); and non-fatal, 35 (45.5%). Co-morbidity
was variable and ranged from 0 to 11 (median 2;
interquartile range 2-7), according to Charlson’s
index. The mean APACHE II score of the 17
patients who were admitted to the ICU ranged
from 6 to 25 (mean, 13.18; SD, 6.19). The percent-
ages of patients who developed different degrees
of sepsis were: sepsis only, 53.2%; severe sepsis,
31.2%; septic shock, 11.7%; and multi-organ

failure, 3.9%.
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Table 1. Main underlying conditions and predisposing
factors for 77 patients with nosocomial pneumococcal
bloodstream infections in two hospitals in Spain (1995-
2002)

% of paticnts
Underlying condition
Malignancy a
Chronic obstructive pislmonary disease 286
Heart failure 169
Chuoric-renal faihare 156
Liver cischosi 13
HIV irdection ' 13
Diabetes mellitug 17
Alcoholism 104
0
i Eactor
Low serum albamin . 545
Antisnicrobial agents 455
Conticosteroids 4.2
Bladder catheter 25
Prior haspitlisation : 234
Central catheter 24
Nasogastric tube 182
Tracheal intubation . 182
Prior aurgery 104
Gastroenterir endoscopy 9%
Bronchoscopy 91
Parenteral nutrition 78

Table 2. Serotypes of 72 Streptococcus pneumoniae isolates
from patients with nosocomial ococcal bloodstream
infections in two hospitals in Spain (1995-2002)

Serctypes n %
14 12 167
23F B 1m1
19 - (1]
4 4

10 4 56
15F 4 56
3 3 42
<] 3 42
34 3 42
3 2 28
SA 2 28
N 2 28
W 2 28
15 2 28
19F 2 28
234, 2 28
6 1 14
68 1 14
n 1 14
15A 1 14
158 1 14
18C 1 14
2 1 14
25 1 14
2 1 14
Non-typeable 3 42

Portals of entry of NPBI were pneumonia
(70.1%), meningitis (5.2%), primary peritonitis
"(5.2%), catheter infection (3.9%), upper respirat-
ory tract infection (2.6%) and bone and joint
infection (1.3%). NPBI presented as primary
bacteraemia in 11.7% of the episodes. The episode
was monomicrobial in 66 (85.7%) patients, and

part of a polymicrobial bacteraemia in 11 (14.3%)
patients. In polymicrobial cases, the accompany-
ing microorganisms were Staphylococcus aureus
(seven patients), Corynebacterium spp. (two
patients), Bacteroides fragilis, Pseudomonas aerugi-
nosa, Salmonella enteritidis and Haemophilus influen-
zae (one patient each).

In total, 57 (74.0%) patients had chest X-ray
abnormalities. More than one lobe of the lung
parenchyma was involved in 25 (32.5%) patients.
There were cavitations in three patients, and a
lung abscess in one case. Overall, 23 (29.9%)
patients had pleural effusions of different sizes.

Serotyping results were available for the
isolates from 72 patients (Table 2). The most
common serotypes were 14 (16.7%), 23F (11.1%)
and 19 (6.9%). Overall, 78.0% of the serogroups
obtained in this series are included in the
23-valent polysaccharide vaccine.

Antimicrobial susceptibilities were available for
all the bloodstream isolates; the frequencies of
penicillin-susceptible, -intermediate and -resistant
isolates were 54.5%, 18.2% and 27.3%, respect-
ively. With respect to other drugs, the frequency
of resistant isolates was as follows: cefotaxime,
9.2%; erythromycin, 24.7%; tetracycline, 35.1%;
chloramphenicol, 23.7%; clindamycin, 22.1%; and
trimethoprim-sulphamethoxazole, 38.7%. '

Treatment and ocutcome

The numbers of patients who received different
antimicrobial agents were: third- or fourth-
generation cephalosporins, 41 (53.2%); penicillins,
31 (40.2%); fluoroquinolones, 11 (14.3%); macro-
lides, 6 (7.8%); trimethoprim—sulphamethoxazole,
1 (1.3%); and other antimicrobial agents, 41
(52.2%). Two or more effective drugs were
administered simultaneously to 20 (26%) patients
for at least 48 h. The mean duration of treatment
was 11.75 days (SD 6.99; range 0-31 days). Empir-
ical therapy was considered adequate for 65
(84.4%) patients.

Overall, 35 (45.5%) patients died with NPBJ;
death was considered to be related directly to the
NPFPBI in 21 (27.3%) patients, and was considered
to be unrelated in the remaining 14 (18.2%).
Patients who received more than one active drug
had a mortality rate of 35% (7/20), compared with
49% (28/57) for those who received a single active
drug (p 0.27). Factors that correlated with mor-
tality (p <0.10) in a univariate analysis were:
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Table 3. Comparison of patients who died and survived
(univariate analysis) .

Survived Died

(n=47) (n = 35) P
Age (years) 6152173 677+ 159 03
Male 31 3.8%) 24 (68.6%) 06
Hospital 1 10 238%) 12{343%) 03
Hospital 2 32(762%) 23 (65.7%) 03
Medical service M@BLO%) 25 (71.4%) 02
Surgical service - 6(143%) 4(1.4%) 02
Intensive care unit 2 (LB%) 6(171%) 02
Classification of underlying disease®
McCabe I 301%) 5 (143%) 0.006
McCabe 13 G1.0%) 21 (60.0%) 0.006
McCabe I 26 (61.9%), 9 25.7%) 0.006
Underlying diseases
Liver cirthasis 5{11.9%)  5(143%) 0.7
Diabetes 4 (95%) $ (143%) bs
Maligrancy 13 GLO%) 1 (31.4%) 09
Heart failure” 3@.1%) 10 28.6%) 0016
Alcoholism 5(11.9%) 3 {8.6%) (1]
HIV infection 7 16.7%) 3 B36%) 03
Chronic obstructive pulmonary disease . 12 28.6%) 10 28.6%) 10
Chronic renal hilure 5 (11.9%) 7 0.0%) 03
Sepsis score®
Sepsis 3LU3E%)  10086%)  <0.001
Sevese sepsis 10 23.8%) 14 400%) < 0.001
Septic shock 104%)  BO29%) <0001
Multi-organ fafiure 0 10%) 3 (B5%) < 0.001
Mechanical ventilation 8(19.0%) 6 (17.1%) 08
Gastrointestinal endoscopy 4 93%) 3 (86%) a8
L (95%) 3 (B6%) 08
Nasogastric tube 6(143%) 8 (29%) 03
Prior antibiotic therapy 20 (47.6°%4) 15 (42.9%) 0§
Price hospital admission 10 @3.8%) 8 (22.9%) 09
Corticnsteroid therapy 18 429%) 16 (45.7%) 08
Prior surgery 4 05%) 4 (M4%) 07
Parenteral nutrition 301%) 3 (8.6%) 0.8
Low serum albumin 22 {S24%) 20 (57.1%) 05
Central catheter line 11 (26:2°%) 7 QD0%) 0S5
Indwelling bladder catheter 12 (28.6%) 13 B7.1%) 04
Origin of pnewvmococeal infection
Pneumnonis 27 (643%) 27 (771%) 03
Upper respinatory tract 2(08%)  0(0%) 02
Central catheter 37a%) 0 (0%) 03
Primary peritonitis 2048%)  2(57%) 03
Bone and joint infection 0 {0%) 129%) 03
i 248%) 2{57%) 03
Primary infection 6 (143%) 3 (8.6%) 03
Chaest X-ray abnormalities
Pleural effusions 11 262%) 12 (343%) 0.4
Cavitations 1 24%) 2 (57°%) 04
Lung abecess 1 24%) 0 (@%) 03
Abnormalities present 30 (714%) 28 (BOOW) 0.6
More than one lobe invalved 120286%) 130G71%) . 04
Polymicrobial bacteraemia® 9 21.4%) 2 (5.7%) 0.008
Antimicrobial susceptibility
Penicillin-susceptivle 23 (548%) 19 (543%) 09
Cefotaxime-susceptible 38 BO5%)  32(914%) 08
Erythromycin-susceptible 31 (73B%) 27 (770%) 07
Therapy
Adequate therapy” 40 052%) 25 (71.4%) 0.004
More than two effective drags 13 31.0%) 7 (0.0%) 02

HIV, human immunodeficiency virus.
°p < 0.05.

a rapidly or ultimately fatal disease on the
McCabe scale (p0.006); a severe sepsis score
(p < 0.001); inadequate empirical anfimicrobial
therapy during the first 24 h (p 0.009); heart
failure (p 0.016); and polymicrobial bacteraemia
(p 0.008) (Table 3).

Following multivariate analysis, factors that
indépendently predicted death after adjusting by

age were: ultimately fatal underlying disease (OR,
89; 95% CI, 0.8-94.3; p < 0.001); rapidly fatal
underlying disease (OR, 15.0; 95% CI, 2.8-81.3;

- p < 0.001); heart failure (OR, 8.11; 95% CI, 1.1-

60.8; p 0.03); inadequate empirical therapy (OR,
10.6; 95% CI, 1.2-97; p< 0.003); and a severe
sepsis score (severe sepsis: OR, 9.5; 95% CI, 1.9~
47.0; p < 0.001; septic shock or multi-organ fail-
ure: OR, 63.7; 95% CI, 4.9-820.7; p < 0.001).
Adequate empirical therapy was found to be an
independent protective factor (OR, 0.05; 95% CI,
0.04-0.58; p < 0.005). The predictive ability of the
variables included in the model was 80% sensi-
tivity to predict death and 93% specificity to
predict survival.

 DISCUSSION

This study shows that a significant proportion of
bactaeremic pneumococcal infections appear in
the hospital setting. NPBI usually appears in
patients with severe underlying diseases and is
associated with a high mortality. Pneumococcal
infections in children and adults are mainly
community-acquired; however, 5. pneumoniae
was already recognised as a common cause of
nosocomial infection before the introduction of
penicillin into clinical practice [16,17]. In the
antibiotic era, nosocomial pneumococcal infec-
tions have been reported to account for 4% of
cases of acute sinusitis, 5% of cases of bacterial
meningitis and 2% of bacteraemias [18-22]. In a
prospective study of all infections caused by
S. pneumonia in one of the institutions in Madrid
during a 22-month period, pneumococcal infec-
tion was nosocomial in 25% of cases [23]. Some
subgroups of patients, such as the elderly, those
with malignancy, and those with ultimately fatal
diseases, have a much higher rate of nosocomial
pneumococcal infection [24-27). The incidence of
pneumococcal bloodstream infections in Madrid
increased significantly between 1986 and 2000, in
both adults (from 8.2 to 16 episodes/100 000
population) and children (from 3.6 to 148
episodes/100 000 population) [28]. Similar increa-
ses have been demonstrated in other geographical
areas [29-33]. ’

The proportion of pneumococcal bloodstream
infections occurring in hospitalised . patients is
estimated to represent 10-41% of.all cases [4,8,34].

It can be argued that many of the so-called NPBIs

are actually community-acquired, but manifest
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following hospital admission with a delay slightly
over the breakpoint of 48 h. The present study
only included episodes that manifested 272 h
following hospitalisation of patients with no
evidence of infection on admission. The study
confirmed that NPBI tends to occur after a
relatively ‘prolonged period of hospitalisation
(mean period of 22.56 days), a result that is quite
similar to the mean of 17 days reported by Canet
et al. [8] from another hospital in Spain. There was
no evidence, either epidemiological or based .on
the identification of serotypes, for any major or
minor outbreak that might result in nosocomial
transmission from patient o patient in the insti-
tutions studied.

NPBI occurred mainly in patients with severe
underlying conditions, including neoplasia, chro-
nic obstructive pulmonary disease, heart failure,
renal failure and cirrhosis [4,26,35]. Almost half of
the patients in the present series developed severe
forms of sepsis, incdluding septic shock or mult-
organ failure, and a high proportion required ICU
admission [4]. The series found that lung infec:
tions were the portal of entry in only 70% of
cases, and that the absence of pneumonia does not
rule out the possible presence of S. pneumoniae in
the blood cultures of hospitalised patients. NPBI
may also occur as a complication of a wide variety
of focal infections, including peritonitis, menin-
gitis, and catheter, upper respiratory tract and
bone and joint infections. In addition, NPBI can
appear as ‘primary’ bactaeremia in a SIgmﬁcant
proportion of patients [8).

NPBI is associated with a higher mortality rate
(40-74%) (3,8,36] than community-acquired infec-
tion (14-27%) {37,38). The above-mentioned con-
ditions explain the high mortality in the series,
which was mdependently predictable on the basis
of the severity of sepsis, presence of heart failure
and administration of inadequate antimicrobial
therapy. The most obvious area for potential
intervention is inadequate antimicrobial therapy.
The question of treatment with single vs. double
antimicrobial agents for severe pneumococcal
infections has been discussed previously [39-42].
The present study found that there was a trend
towards a better prognosis for those patients who
received two active antimicrobial agents, but this
did not reach statistical significance, probably
because of the limited number of patients.

The worldwide escalation of antimicrobial
resistance in S. pneumoniae has prompted the

S. pneumoniae bloodstream infections 923

introduction of vaccination [4], and >70% of the
isolates responsible for nosocomial infections in
the present study would have been covered by
the 23-valent polysaccharide vaccine. Unfortu-
nately, pneumococcal vaccination was not a

.common practice in Spain during the period of

the study. It is clear that 5. pneumoniae infections
should be added to the list of severe nosocomial
diseases. NPBI has a severe prognosis that
justifies novel therapeutic and prevention
strategies.
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