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Background. Recent population-based cohort studies have questioned the role of pneumococci as the most frequent pathogen
causing severe infection in patients after splenectomy. The aim of the study was to define the causative pathogens and clinical pre-
sentation of patients with overwhelming postsplenectomy infection (OPSI).

Methods. In a prospective cohort study in 173 German intensive care units, we searched for patients with and without asplenia
and community-acquired severe sepsis/septic shock. Clinical and laboratory variables and survival of patients were assessed.

Results. Fifty-two patients with severe sepsis or septic shock with asplenia and 52 without asplenia were included. OPSI patients
more often had a history of malignancy (38% vs 17%; P = .016) and had a lower body mass index (24 kg/m2 vs 28 kg/m2; P = .004).
Streptococcus pneumoniae was detected more frequently in OPSI patients (42% vs 12% without asplenia; P < .001) and more fre-
quently manifested as bloodstream infection (31% vs 6%; P = .002). Gram-negative infection was similar in both groups (12% vs
19%; P = .157). Pneumococcal vaccine coverage of OPSI patients was low overall (42% vs 8% among patients without asplenia;
P < .001). Purpura fulminans was a frequent complication, developing in 19% of OPSI patients vs 5% of patients without asplenia
(P = .038). The interval between splenectomy and OPSI was 6 years (range, 1 month–50 years). On multivariable Poisson regression,
asplenia was the only predictive variable independently associated with pneumococcal sepsis (adjusted relative risk, 2.53 [95%
confidence interval, 1.06–6.08]).

Conclusions. Pneumococcal infections remain the most important cause of severe sepsis and septic shock following
splenectomy.
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Approximately 25 000 and 8000 splenectomies are performed
annually in the United States and Germany, respectively [1, 2].
The total number of asplenic persons living in the United States
is estimated at 1 million, a prevalence that is comparable to that
of human immunodeficiency virus [1]. Following splenectomy,
asplenic patients carry an immunodeficiency that predisposes
them to life-threatening bacterial infections, also known as
overwhelming postsplenectomy infection (OPSI). In a recent
survey, the risk for hospitalization due to sepsis was 5–6
times higher in splenectomized patients than in other patients

[3]. Earlier systematic reviews reported that >50% of OPSI cases
are caused by Streptococcus pneumoniae [4, 5], and pneumococ-
cal vaccination has therefore been recommended as a standard
of care for all patients undergoing splenectomy [1, 6, 7]. Until
2014, German guidelines recommended the vaccination of
adults patients with splenectomy with the 23-valent pneumo-
coccal polysaccharide vaccine and revaccination with the same
vaccine every 5 years [8]. Antibiotic prophylaxis, on the other
hand, is not routinely recommended in Germany for adult sple-
nectomized patients [9].

Recent population-based studies have found very few pneu-
mococcal infections in patients following splenectomy, sug-
gesting a shifting microbial epidemiology that is possibly
associated with increasing pneumococcal vaccination coverage
[10, 11]. However, most previous epidemiological information
on the OPSI syndrome is based on single-center cohorts or
case series [4, 5]. Furthermore, the definitions used for severity
of infection and sepsis were not standardized, and individual
vaccination status was never assessed. Population-based co-
hort studies [3, 10–12] have relied on hospital discharge
codes, which might be affected by confounding due to varia-
tion in coding quality [13].
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We therefore conducted a prospective, multicenter cohort
study including adult patients admitted with community-
acquired severe sepsis or septic shock with or without asplenia
to the intensive care unit (ICU) to assess the current clinical
epidemiology, microbiology, and outcome in a region with low
pneumococcal vaccination rates and before the widespread use
of pneumococcal conjugate vaccines in adults.

METHODS

Study Design and Patient Selection
The Splenectomy, Pneumococcus, and Fulminant Infec-
tion Study (SPLEEN OFF) was a prospective cohort study per-
formed between November 2011 and October 2013 at 173
German ICUs. The characteristics of participating ICUs are
summarized in Supplementary Table 1. The trial was approved
by the ethics committee of each participating institution and is
registered at the German Clinical Trials Register (identifier
DRKS00000417).

Patients were eligible for the study when they were aged ≥18
years, and were admitted due to community-acquired severe
sepsis or septic shock to one of the participating ICUs during
the study period. Severe sepsis and septic shock were defined
according to international consensus criteria and infection

was considered community-acquired if symptoms occurred
<48 hours after hospital admission [14, 15]. Patients with a
missing spleen documented either in medical records or by im-
aging studies or patients with a rudimentary spleen in imaging
studies and Howell–Jolly bodies in peripheral blood smears as a
biomarker of splenic dysfunction were also included in the
study [6]. As a comparison cohort, we identified patients with-
out history of splenectomy/spleen dysfunction who were
matched for the same age decade, sex, and type of ICU, other-
wise fulfilling the same inclusion criteria. Patients presenting
with healthcare-associated infection according to the definition
of the US Centers for Disease Control and Prevention were ex-
cluded from the study population [15]. At least 2 independent
sets of blood cultures on admission and after study inclusion
were required. In addition, 2 ethylenediaminetetraacetic acid
blood samples (drawn at different sites) and a serum and
urine sample were obtained from each patient and sent within
48 hours to a central laboratory. Blood cultures were processed
locally. Due to logistic constraints, we were unable to retrieve
the information on pneumococcal serotypes of study patients.

Written informed consent was obtained from all patients or
their legal representative. For patients from whom consent
could not be obtained because of critical illness or the use of

Figure 1. Screening and inclusion process for patients in the study. Of the 9 patients who were lost to follow-up, 7 patients did not return phone calls and 2 patients moved
without leaving further contact information. Abbreviation: ICU, intensive care unit.
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sedative or anesthetic drugs, the ethics committees approved a
provision for delayed consent. In such cases, a surrogate deci-
sion maker was fully informed as soon as possible. Either con-
sent was then obtained, or the patient was removed from the
study and all study-related procedures were terminated and col-
lected data deleted.

Data Collection
The clinical and laboratory parameters collected and their def-
initions are described in the Supplementary Material. Survival
and subsequent hospital admissions due to infection were re-
corded for study patients by telephone interviews up to 12
months after study entry. Completeness and consistency of

the clinical data were validated through programmed electronic
checks as well as by means of manual checks of plausibility and
correctness by the primary study investigator (C. T.). Microbi-
ology results and clinical data were reviewed for plausibility by 2
experienced infectious diseases specialists (W. V. K. and C. T.)
blinded to patient allocation and independent of each others
assessments and verdict.

Outcome Measures
The primary endpoint of the study was the proportion of pa-
tients with and without asplenia with severe sepsis/septic shock
due to S. pneumoniae. Secondary endpoints were sepsis severity,
frequency of purpura fulminans, days of mechanical ventilation,
days on ICU and in-hospital, and 28-day and 1-year survival.

Sample Size and Statistical Analysis
The study was designed to detect a significant difference be-
tween patients with asplenia and patients without asplenia in the
proportion of pneumococcal infection with a significance level
of .05 and a power of 80%. Assuming a 50% pathogen identifi-
cation rate, a proportion of 60% pneumococcal disease among
pathogen-defined OPSI patients, and a 30% proportion among
patients without asplenia, a sample size of 100 patients per
group was required. No formal interim analyses were planned.

Continuous variables are reported as median values with in-
terquartile ranges. The χ2 test or the Fisher exact test was used to
compare categorical data, and the Mann–Whitney U test was
used for comparison of 2 groups of continuous data. As the in-
cidence of the outcome event was >10%, relative risks (RRs)
were calculated to avoid an overestimation of associations in
contrast to odds ratios [16]. RRs for failure were estimated by
Poisson regression with robust error variance [17]. All variables
found to be significant in univariable analysis were included in
the multivariable regression model. Differences were considered
statistically significant at a P value of <.05. Survival analysis was
by Kaplan–Meier statistics. Statistical analyses were performed
with SPSS for Mac version 21.

RESULTS

In total, 173 ICUs participated in the study. The overall char-
acteristics of participating ICUs were similar to a previously de-
scribed representative sample of German ICUs (Supplementary
Table 1) [18]. Fifty-four patients with asplenia and the same
number of patients without asplenia were recruited (Figure 1).
Due to slow recruitment and limited funding, the study was ter-
minated after 24 months, before the recruitment goal was
reached. Two patients with asplenia were ineligible and were re-
moved from analysis along with the corresponding patients
without asplenia (Figure 1).

Baseline Characteristics
OPSI patients had a significantly lower body mass index (BMI
than patients with severe sepsis/septic shock without asplenia
and were slightly younger without reaching a level of significance

Table 1. Baseline Characteristics Including Vaccination History in
Patients With or Without Asplenia

Characteristic
Asplenia
(n = 52)

No Asplenia
(n = 52)

P
Value

Demographics and general risk factors

Agea 55 (44–66) 61 (45–69) .258

Male sex 29 (56) 29 (56) 1.000

Body mass index, kg/m2a 24 (22–27) 28 (23–34) .004

Current smokingb 14 (27) 18 (35) .524

Alcohol usec 6 (12) 11 (21) .289

Comorbidity

Charlson comorbidity indexa 2 (0–4) 2 (0–3) .510

History of malignancy 20 (38) 9 (17) .016

Active neoplastic disease 6 (12) 3 (6) .488

Immunosuppressive therapyd 5 (10) 2 (4) .437

Antineoplastic chemotherapye 4 (8) 1 (2) .363

Previous hospitalization due to
infectionf

17 (33) 14 (27) .669

Vaccination status

Pneumococcal vaccine

Any timeg 22 (42) 4 (8) <.001

Past 5 y 11 (21) 4 (8) .045

Meningococcal vaccine (any time)h 3 (6) 0 (0) .243

Haemophilus influenzae type B
vaccine (any time)

6 (12) 0 (0) <.001

Influenza vaccine (previous
season)

6 (12) 12 (23) .194

Unknown 5 (10) 5 (10) 1.000

Antibiotic prophylaxis 3 (6) 4 (8) 1.000

Data are presented as No. (%) of patients unless otherwise indicated. P values indicating
significant differences in boldface.
a Median (interquartile range).
b Current smokers and former smokers who quit ≤12 months before study.
c Alcohol consumption >16 standard drinks (women) or >20 standard drinks (men).
d Including current or recent (≤3 months) treatment with corticosteroids (≥20 mg of
prednisolone or equivalent for ≥3 weeks), calcineurin inhibitors, antagonists against tumor
necrosis factor α, interleukin-1, interleukin-6, T- or B-cell–depleting antibodies, azathioprine,
mycophenolate, methotrexate, cyclophosphamide, thalidomide, leflunomide.
e Current or recent (≤3 months) chemotherapy.
f Since splenectomy or matched interval in patients without splenectomy.
g All patients with asplenia had received the 23-valent pneumococcal polysaccharide (PPV-
23) vaccine. One without asplenia had received the pneumococcal conjugate vaccine, and
the remaining 3 had been vaccinated with PPV-23.
h One patient was vaccinated with the monovalent meningococcal conjugate vaccine, and 2
patients were vaccinated with the 4-valent meningococcal polysaccharide vaccine.
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(Table 1). Other demographic variables and comorbidity were
similar between patients with and without asplenia, with the ex-
ception of malignancy as underlying disease, which was more
frequent among OPSI patients (Table 1). The frequency of un-
controlled malignancy, however, was low in both patient groups
(Table 1). A minority of the patients in boof the patients in both
groupsth groups had received current or recent immunosuppres-
sive medication or antineoplastic chemotherapy. OPSI patients
tended to receive immunosuppressive therapy and chemotherapy
slightly more frequently, without reaching significance levels.

The median interval between splenectomy and OPSI onset
was 5.75 years (interquartile range, 1–18.25 years), with a
range between 1 month and 50 years. Previous episodes of in-
fections requiring hospitalization in the period between sple-
nectomy and study entry or in the matched time period for
patients without splenectomy were similar in both groups
(Table 1).

Indication for Splenectomy
The most common reason for splenectomy was surgery because
of malignancy (11 patients [21%]), followed by trauma (9 pa-
tients [17%]), therapeutic splenectomy for hematologic disorders
(8 patients [15%]), and surgery for other benign pancreatic pro-
cesses (6 patients [12%]) or other benign conditions (12 patients
[23%]). In 5 patients, OPSI occurred in the context of splenic at-
rophy. Taken together, in 79% of OPSI patients the indication for
splenectomy was unrelated to malignant underlying conditions.

Vaccination Status and Antibiotic Prophylaxis
Although higher than in patients without asplenia, the pneu-
mococcal vaccination rate in patients with splenectomy and
functional asplenia was only 42% (Table 1). Vaccine coverage
was 47% if only splenectomized patients were considered.

According to German vaccine recommendations valid during
the study recruitment period, 30 of the 52 OPSI patients should
have received a pneumococcal booster vaccination. However,
only 3 of the eligible patients (10%) had actually received the
vaccine booster.

Vaccination against meningococci, Haemophilus influenzae
type B, and seasonal influenza was even more infrequent
among OPSI patients. Few OPSI patients took daily prophylac-
tic antibiotics prior to OPSI onset (Table 1).

Causative Pathogens, Focus of Infection, and Initial Antibiotic
Treatment
At study enrollment, blood cultures were obtained from 96% of
patients with asplenia and 90% without asplenia. Pneumococ-
cal urinary antigen test was performed in 87% of OPSI patients
and 79% patients without asplenia, and 16S ribosomal RNA
broad-range polymerase chain reaction in 77% of patients
with asplenia and 90% without asplenia. Based on the aggregat-
ed microbiologic investigations, sepsis was pathogen-defined in
73% of patients with asplenia and 63% without asplenia. In pa-
tients with bloodstream infection, a causative pathogen could be
defined in 26 patients with asplenia vs 19 patients without as-
plenia, respectively (50% vs 37%; P = .307).

The most commonly identified pathogen in OPSI was
S. pneumoniae, causing 42% of infections among patients
with asplenia (vs 12% among patients without asplenia;
P < .001) including 16 (vs 3) bloodstream infections (31% vs
6%; P = .002) (Table 2). Details of microbiologic diagnostics
of pneumococcal infection are described in the Supplementary
Material.

The RR for pneumococcal disease and pneumococcal bacter-
emia in patients with asplenia vs patients without asplenia was

Table 2. Microorganisms Causing Infection With Severe Sepsis/Septic Shock in Patients With and Without Asplenia

Characteristic

Bloodstream Infection All Infections

Asplenia (n = 52) No Asplenia (n = 52) P Value Asplenia (n = 52) No Asplenia (n = 52) P Value

Gram-positive pathogen 19 (37) 11 (21) .098 26 (50) 18 (35) .157

Streptococcus pneumoniae 16 (31) 3 (6) .002 22 (42) 6 (12) <.001

Staphylococcus aureus . . . 3 (6) .243 1 (2) 7 (14) .060

Streptococcus pyogenes . . . 3 (6) .243 . . . 3 (6) .243

Other Streptococcus species 2 (4) . . . .495 2 (4) . . . .495

Other gram-positive pathogens 1 (2) 2 (4) 1.000 1 (2) 2 (4) 1.000

Gram-negative pathogen 4 (8) 8 (15) .098 6 (12) 10 (19) .157

Escherichia coli . . . 7 (14) .118 3 (6) 7 (14) .319

Klebsiella species 2 (4) . . . .495 2 (4) 1 (2) 1.000

Pseudomonas aeruginosa 1 (2) 1 (2) 1.000 1 (2) 1 (2) 1.000

Other gram-negative pathogens 1 (2) . . . 1.000 . . . 1 (2) 1.000

Polymicrobiala 3 (6) . . . .243 6 (12) 2 (4) .269

Virus . . . . . . . . . . . . 3 (6) .286

No pathogen identified 26 (50) 33 (64) .235 14 (27) 19 (37) .400

Data are presented as No. (%) of patients. P values indicating significant differences in boldface.
a None of the polymicrobial infections included pneumococci.
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1.99 (95% confidence interval [CI], 1.42–2.79 and 1.45–2.73, re-
spectively). Fourteen of the 16 patients with asplenia with prov-
en invasive pneumococcal disease had not been vaccinated
against pneumococci in the last 5 years. Gram-negative infec-
tion was similar in patients with OPSI and patients without as-
plenia (Table 2). Of note, no OPSI caused by Neisseria
meningitidis or H. influenzae was identified. Supplementary
Table 3 illustrates the clinical features of patients with pneumo-
coccal OPSI.

The most frequent focus of infection in both OPSI patients
and patients without asplenia was the respiratory tract, followed
by intra-abdominal infection (Table 3). Primary bacteremia
without focus was more common and skin and soft tissue infec-
tions less frequent in OPSI than in patients without asplenia
(Table 3). All patients received broad-spectrum β-lactams or
vancomycin as part of the empiric antibiotic therapy and
none of the pneumococcal isolates were penicillin-resistant
(Supplementary Table 2).

Sepsis Severity and Length of Stay
The APACHE II score was 23 in OPSI patients and 25 in pa-
tients without asplenia (P = .069). Both OPSI patients and pa-
tients without asplenia had high Sequential Organ Failure
Assessment scores at baseline, and the decline over time was
similar in the 2 groups (Supplementary Figure 1 and Table 3).
The initial rate of metabolic acidosis and levels of procalcitonin
and lactate did not differ significantly between both groups of
patients. The 2 groups were also similar regarding total length
of stay and duration of ICU admission (Table 3). Patients with-
out asplenia, however, were ventilated longer than OPSI pa-
tients (Table 3).

Ten OPSI patients developed purpura fulminans, a rate that
was significantly higher than among patients without asplenia
(19% vs 5%; RR, 1.74 [95% CI, 1.19–2.54]). In all OPSI patients
with purpura fulminans, S. pneumoniae was isolated as a path-
ogen, making this complication highly prevalent among this
group (45%).

Survival and Infections During Follow-up
Among both OPSI patients and patients without asplenia,
28-day mortality was 35% (Table 3). The mortality at 12 months
was 44% for OPSI patients and 46% for patients without
asplenia (Supplementary Figure 2).

Risk Factors for Pneumococcal Infection
In univariate analysis, asplenia was associated with an increased
risk for pneumococcal infection (RR, 3.67 [95% CI, 1.62–8.30]),
whereas age and BMI were protective factors (Table 4). Other
baseline variables had no impact on this outcome (Table 4).
In a multivariable Poisson regression analysis, asplenia was the
only independent variable predictive of severe pneumococcal
sepsis or septic shock (adjusted RR, 2.53 [95% CI, 1.06–6.08]).

DISCUSSION

The main finding of this prospective study was that S. pneumo-
niae remains the most frequent pathogen in the OPSI syndrome
in a setting where pneumococcal vaccination rates among adult
patients are low overall. Streptococcus pneumoniae was identi-
fied in 42% of patients with asplenia, most frequently manifest-
ing as invasive disease. Asplenia was a strong and independent
risk factor for pneumococcal infection in patients with commu-
nity-acquired severe sepsis/septic shock. As in other cohorts of
severe sepsis patients, the most frequent pathogens documented
in patients without asplenia were Escherichia coli, S. pneumo-
niae, and Staphylococcus aureus [13, 19].

Our findings confirm reviews of earlier studies published be-
tween 1952 and 1996 but are in contrast to results of recent pop-
ulation-based retrospective cohort studies from Denmark that
reported S. pneumoniae in only 3% of positive blood cultures
in hospitalized patients after splenectomy [4, 5, 10, 11].These dis-
crepancies may be explained in part by differences in definitions
and inclusion criteria. Unlike the present study, the investigators

Table 3. Infection Focus, Sepsis Severity, and Outcomes

Parameter
Asplenia
(n = 52)

No Asplenia
(n = 52)

P
Value

Infection focusa

Primary bacteremia (no site) 6 (12) 0 (0) .012

Respiratory tract 21 (40) 27 (52) .330

Intra-abdominal 13 (25) 8 (15) .225

Urinary tract 1 (2) 5 (10) .205

Central nervous system 4 (8) 3 (6) .713

Skin/soft tissue 0 (0) 6 (12) .012

Other/not specified 7 (13) 3 (6) .483

Sepsis severity on admission

APACHE II scoreb,c 23 (16–29) 25 (19–33) .069

SOFA scoreb,d 10 (8–13) 11 (8–14) .047

Metabolic acidosise 34 (65) 37 (71) .826

Procalcitonin level, ng/mLb 34 (3–98) 15 (2–54) .236

Lactate, mmol/Lb 4.9 (1.9–10.1) 2.8 (1.6–6.4) .106

Purpura fulminans 10 (19) 3 (5) .038

Outcomes

Days on ICUf 13 (3–23) 18 (11–25) .106

Days in hospitalf 29 (26–32) 31 (26–36) .327

Days on ventilatorf 6 (1–11) 12 (7–16) .030

7-day mortalityg 11 (21) 6 (12) .289

28-day mortalityh 18 (35) 18 (35) 1.000

Data are presented as No. (%) of patients unless otherwise indicated. P values indicating
significant differences in boldface.

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive
care unit; SOFA, Sequential Organ Failure Assessment.
a As reported by study physician.
b Median (interquartile range).
c A total of 16 subscores for patients with asplenia and 4 subscores for patients without
asplenia were missing and substituted with a subscore of 0.
d A total of 5 subscores for patients with asplenia and 3 subscores for patients without
asplenia were missing. One imputation for patients with asplenia and 4 imputations for
patients without asplenia were made as described in the “Methods” section.
e Metabolic acidosis: pH ≤7.30 or base deficit ≥5.0 mmol/L or plasma lactate concentration
≥1.5 times the upper normal limit used in the local laboratory.
f Median of Kaplan–Meier estimate (95% confidence interval).
g Missing data for 1 patient without asplenia.
h Missing data for 2 patients with asplenia and 2 patients without asplenia.
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from Denmark did not restrict their analysis to patients with
community-acquired severe sepsis or septic shock but analyzed
all hospitalized patients with bacteremia, including those with
hospital-acquired infection. Accordingly, bacteremic infection
within 90 days after splenectomy accounted for 62% of all blood-
stream infections documented in the Danish cohort and to some
extent may reflect postoperative complications [10]. In the cur-
rent study, which excluded hospital-acquired infections, only 2
of 37 culture-positive OPSI patients fell within this period.
Other factors, such as differences in the rate of pneumococcal
vaccination between Denmark and Germany, may have had an
additional impact on the different findings.

Unlike previous studies published before 1990, when H. in-
fluenzae was the second most common pathogen in OPSI
patients [4], no such patients were found in the present cohort.
Most likely this reflects the sharp decline in invasive H. influen-
zae serotype B infections in the general population since the in-
troduction of the conjugate vaccine in Germany in 1990 [20].
Interestingly, we also did not identify meningococcal disease
among the OPSI patients. Nevertheless, these results should
be interpreted with caution, as our study was not designed
and powered to analyze the frequency of H. influenzae or me-
ningococci in OPSI patients.

Another key finding in the present study was that less than half
of the OPSI patients had received prior pneumococcal vaccina-
tion despite guidelines that uniformly recommend this vaccine
after splenectomy [7,8].Vaccination rates among splenectomized
patients of 59%–88% have been reported from Scotland, the
Netherlands, Denmark, and Switzerland [11, 21–23]. No specific
data on the overall uptake of pneumococcal vaccine among
splenectomized patients in Germany are available, but vaccine

coverage for patients with high-risk conditions for invasive pneu-
mococcal disease was only 52% in a recent survey [24]. The high
proportion of pneumococcal OPSI in our cohort may be a result
of poor compliance with vaccine guidelines, or possibly reflect
earlier observations of an overall increased risk of nonvaccinated
asplenic individuals for invasive pneumococcal disease [25].
With the limitation of small sample size, vaccination with the
pneumococcal polysaccharide vaccine, however, was not a pro-
tective factor against pneumococcal sepsis in our cohort.

A noteworthy observation in our study was that OPSI oc-
curred later than previously estimated. OPSI developed after a
median of almost 6 years after splenectomy, and 70% of the in-
fections occurred >2 years after splenectomy. Previous studies
have reported mean intervals between splenectomy and first se-
vere sepsis of only 1 or 2 years [4, 5, 10, 12]. Due to the limited
length of follow-up, however, these cohort studies may have un-
derestimated late-occurring events. Also, many studies did not
exclude postoperative infections after splenectomy, potentially
leading to increased incidence of infections early after splenec-
tomy [4, 5, 10, 12].

In the present trial, 19% of OPSI patients developed purpura
fulminans, a substantially higher rate than among patients with-
out asplenia. All cases of purpura fulminans occurred in pneu-
mococcal OPSI, affecting 45% of patients with OPSI due to S.
pneumoniae. Our findings confirm anecdotal evidence from
case reports and case series [26–28]. In a retrospective analysis
of 4360 patients from clinical trials of drotrecogin alfa, the inci-
dence of purpura fulminans in severe sepsis/septic shock was
only 2% [29]. In comparison, our findings suggest that in patients
with invasive pneumococcal disease with purpura fulminans, di-
agnostic tests for hyposplenia or asplenia should be performed.

Table 4. Variables Associated With Pneumococcal Infection in Patients With Severe Sepsis or Septic Shock

Variable

Patients Without
Pneumococcal Sepsis

(n = 76)

Patients With
Pneumococcal Sepsis

(n = 28)

Univariate Analysis Multivariate Analysis

RR 95% CI P Value Adjusted RR 95% CI P Value

Age ≥70 years 18 (24) 5 (18) 0.97a (.95–1.00) .028 0.99a (.96–1.01) .198

Male sex 44 (58) 14 (50) 0.79 (.42–1.49) .510

Body mass index ≤20 kg/m2 8 (13) 2 (8) 0.94a (.89–.99) .017 0.96a (.91–1.02) .173

Current smoking 22 (29) 10 (36) 1.25 (.65–2.40) .632

Alcohol use 14 (18) 3 (11) 0.61 (.21–1.81) .550

Asplenia 30 (39) 22 (79) 3.67 (1.62–8.30) .001 2.50 (1.07–5.84) .034

Previous hospitalization due to infectionb 24 (32) 7 (25) 0.79 (.37–1.65) .632

Charlson comorbidity index ≥5 17 (22) 4 (14) 0.89a (.75–1.06) .177

History of malignancy 22 (29) 8 (29) 0.99 (.49–1.99) 1.000

Active neoplastic disease 7 (10) 2 (7) 0.81 (.23–2.87) 1.000

Immunosuppressive therapy 7 (10) 0 (0) 0.21 (.01–3.20) .118

Antineoplastic chemotherapy 5 (7) 0 (0) 0.29 (.02–4.23) .367

Pneumococcal vaccination (any time) 18 (24) 8 (29) 1.20 (.60–2.39) .617

Data are presented as No. (%) of patients. For definitions of variables also see Table 1. Values indicating significant differences in boldface.

Abbreviations: CI, confidence interval; RR, relative risk.
a Per-unit increase.
b Since splenectomy or matched interval in patients without splenectomy.
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Our study has limitations. Due to slow recruitment and lim-
ited funding, the study was terminated before the recruitment
goal of 200 patients was reached. However, our initial sample
size calculation turned out to be too conservative, and the num-
ber of patients enrolled was eventually sufficient to analyze the
primary endpoint with adequate power. Because OPSI is such a
rare condition, neither a formal assessment of patient screening
nor measurement of the incidence of OPSI among ICU patients
was feasible. Also, the intensity and quality of screening for pa-
tients meeting the inclusion criteria was not monitored, which
is relevant to the representativeness of the patients included. In
this regard, study physicians may have screened for a typical
presentation of OPSI and may have overmatched patients with-
out asplenia, leading to selection bias. Because our study
screened only ICU patients, the trial also does not provide
data on severe infections treated outside the ICU. Only a few
pneumococcal isolates were sent for serotyping and further
characterization. Therefore, we cannot provide data on the se-
roepidemiology of pneumococcal infection in vaccinated or
nonvaccinated study participants. Finally, uneven losses to fol-
low-up and different access to healthcare may constitute addi-
tional sources of bias.

CONCLUSIONS

Our study highlights the fact that OPSI remains a critical illness,
and most cases are still caused by a potentially vaccine-
preventable infection. Furthermore, the increased risk for in-
fection may persist long after splenectomy. In light of these
findings, more efforts should be made to improve the uptake
of pneumococcal vaccination after splenectomy, enhance its
efficacy, and develop vaccine strategies for lifelong protection.
Growing evidence supports the use of pneumococcal conjugate
vaccines, which offer improved immunogenicity and protection
compared with polysaccharide vaccines [30, 31].

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org. Con-
sisting of data provided by the author to benefit the reader, the posted ma-
terials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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