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Background. Bacteremic pneumococcal pneumonia (BPP) is associated with high and early mortality. A simple
procedure to predict mortality is crucial.
Methods. All adult patients with BPP admitted from 2005 through 2013 to the University Hospital of Dijon,

France, were enrolled to study 30-day mortality and associated factors, particularly leukocyte counts. A simple
leukocyte score was created by adding 1 point each for neutropenia (<1500 cells/mm3), lymphopenia (<400), and
monocytopenia (<200).
Results. One hundred and ninety-two adult patients (mean age, 69 years; standard deviation [SD], 19 years) who

had developed and were hospitalized for BPP (58% community-acquired) were included. The 30-day crude mortality
rate was 21%. The mean Pneumonia Severity Index score was high at 127.3 (SD = 41.3). Among the 182 patients who
had a white blood cell count, 34 (19%) had a high leukocyte score (≥2). Multivariate analysis revealed that mortality
was significantly associated with a high leukocyte score (odds ratio, 6.28; 95% confidence interval, 2.35–16.78), a high
respiratory rate, a low serum bicarbonate level, and an altered mental status (all P < .05). The leukocyte score was not
significantly dependent on the previous state of immunosuppression, alcoholism, or viral coinfection, but it did
correlate with an acute respiratory distress syndrome and a low serum bicarbonate level.
Conclusions. This new leukocyte score, in combination with the well known predictive factors, seems of interest

in predicting the risk of death in BPP. A high score correlated with organ dysfunction and probably reflects the level
of immunoparalysis. Its predictive value has to be confirmed in other cohorts.
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Community-acquired pneumonia (CAP) is the major
cause of infection-related death in developed countries
and Streptococcus pneumoniae is the principal causative
agent [1]. In healthcare-associated pneumonia (HCAP),
S pneumoniae is one of the most frequent causative

pathogens, and patients infected with this bacterium
have a greater risk of in-hospital death [2].
Even though less than 20% of patients with pneumo-

coccal pneumonia also present a bloodstream infection
[3, 4], bacteremic pneumococcal pneumonia (BPP) is a
particularly severe form with a first month mortality
rate ranging from 15% to 29% [4–6].The microbial char-
acteristics, such as serotypes and antimicrobial resistance,
have also been shown to be different from those in non-
BPP [4]. Several prognostic factors, including age, male
gender, comorbidities, severity of sepsis, low blood pres-
sure, high respiratory rate, altered mental status, multilo-
bar involvement, late antibiotic treatment, or discordant
therapy have been identified in BPP [7, 8].
Leukopenia is a marker of systemic inflammatory

response syndrome and is also a risk factor of death fol-
lowing CAP, especially Staphylococcus aureus-necrotizing
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CAP [9,10].Leukopenia, occurring in approximately 7% to 17% of
cases [5,8,11],was previously described as a poor prognostic factor
in BPP [5].However, many studies considered the mean leukocyte
counts, which mainly reflect the neutrophil count and give limited
information about monocytes and lymphocytes [12]. It is impor-
tant to study markers of the innate immune response, especially in
light of the increasing evidence of sepsis-induced immunosup-
pression and the related mortality [13, 14].
Thus, we conducted a study to assess the association between

leukocytes and 30-day mortality in a cohort of patients with
proven BPP.

PATIENTS AND METHODS

Study Design
A cohort of adult patients hospitalized for BPP (either commu-
nity acquired or healthcare -related) at the Hospital of Dijon
was prospectively observed from January 1, 2005 to March 31,
2013 (French National Hospital Clinical Research Program
[PHRC] 2004/37). Data were collected in standardized report
forms. This cohort was retrospectively increased by patients
hospitalized with BPP during the same period, in the same hos-
pital and who had not been included in the prospective cohort
study for logistical reasons. The study was carried out in accor-
dance with the Declaration of Helsinki and National standards.
The collection of nominative data was approved by the national
authority for the protection of privacy and personal data and by
the local ethics committee (Comité de protection des personnes
Est I).

Inclusion and Noninclusion Criteria
For both retrospective and prospective inclusions, the patients
needed to meet the following 3 criteria: (1) age over 18 years;
(2) blood cultures obtained at the time of hospitalization and
positive for S pneumoniae; and (3) diagnosis of pneumonia, de-
fined as an acute illness (<10 days of symptoms) with the pres-
ence of a new pulmonary infiltrate on chest radiograph at the
time of hospitalization, plus either a new or increased cough
with or without sputum production, or an abnormal tempera-
ture (<35.6°C or >37.8°C), or an abnormal serum leukocyte
count: ie, leukocytosis (leukocyte count≥ 10.106/L), left shift,
or leukopenia (leukocyte count <4.106/L).
Hospital-acquired pneumonia (HAP), HCAP, and CAP were

defined according to the guidelines of the American Thoracic
Society/Infectious Diseases Society of America [15, 16]. Health-
care-associated pneumonia corresponded to any of the follow-
ing: hospitalization for ≥2 days in the preceding 90 days;
residence in a nursing home; home infusion therapy; long-
term dialysis within 30 days; and home wound care. Hospital-
acquired pneumonia was defined as pneumonia that occurred
48 hours or more after admission, which was not incubating
at the time of admission.

Noninclusion criteria were concomitant meningitis, endocar-
ditis, spondylitis, or arthritis at diagnosis.

Study Variables
Demographic data, medical history, initial clinical presenta-
tion, and biological findings (first 24 hours), antibiotic treat-
ment, microbiological culture results, and outcome were all
recorded. Comorbidity was assessed using the Charlson Co-
morbidity Index [17]. To evaluate disease severity, we collected
the first 24-hour clinical and biological data for the Pneumo-
nia Severity Index (PSI) score as defined by Fine et al. [18], the
Simplified Acute Physiology Score II (SAPS II) [19], and the
CURB65 score (confusion, urea >7 mM, respiratory rate
≥30 breaths min−1, blood pressure <90 mm Hg systolic or
≤60 mm Hg diastolic, aged ≥65 years old) [20]. The following
therapeutic data were recorded: vasoactive drugs, renal re-
placement therapy, mechanical ventilation, corticosteroid
treatment.
Immunosuppression included human immunodeficiency

virus seropositivity; daily administration of corticosteroids (at
least 5 mg per day of prednisone or an equivalent drug); immu-
nosuppressive therapy; chemotherapy for an underlying malig-
nancy during the 6 months before hospital admission; and
primary or secondary hypogammaglobulinemia, hypocomple-
mentemia, and splenectomy [2].
Septic shock was defined as the requirement for vasopressor

for more than 4 hours or hypotension (systolic blood pressure
<90 mm Hg) for more than 1 hour, despite adequate fluid chal-
lenge, plus either a change in mental status, oliguria, organ dys-
function, or lactate >2 mmol/L [21]. Acute respiratory distress
syndrome (ARDS) was defined according to the Berlin defini-
tion [22].
The susceptibility of bacterial strains to antibiotics was as-

sessed according to the recommendations of the Antibiogram
Committee of the French Society for Microbiology [23] for an-
timicrobial susceptibility testing and breakpoints. The following
definitions were used: penicillin minimal inhibitory concentra-
tion (MIC) ≤ 0.06 mg/L; intermediate, 0.06 mg/L < MIC ≤ 1
mg/L; resistant, MIC > 1 mg/L.
The antimicrobial treatment was considered inappropriate

when the isolated strain of S pneumoniae was not susceptible
in vitro to the first line of antibiotics administered. Appropriate
antimicrobial treatment had to be prescribed within 24 hours of
hospital admission.

Leukocyte Score
A simple leukocyte score was created by adding up the points
related to the white blood cell count: neutropenia (neutrophil
count <1.5.106/L), 1 point; severe lymphopenia (lower than
the 30th percentile), 1 point; and monocytopenia (lower than
the 30th percentile), 1 point; with a minimum of 0 and a max-
imum of 3.
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Outcome/Judgment Criterion
Thirty-day mortality was reported as the proportion of patients
who died within 30 days after hospitalization. The time to fol-
low-up was recorded as the number of days from the date the
blood sample was received at the Microbiology Department to
death or to the 30-day censoring point. Early death was defined
as death occurring during the first 48 hours.

Statistical Analysis
Continuous variables were expressed as means and standard de-
viations (SDs), and categorical variables were expressed as fre-
quencies (percentages). Continuous data were compared using
the Mann–Whitney U–test, and categorical data were compared

using the χ2 test (and Fisher’s exact test when appropriate). Sur-
vival was studied in different classes of the leukocyte score by
the log-rank test and presented by Kaplan-Meier curves. For-
ward stepwise logistic regression was used for the multivariate
analysis, which included all of the variables with P≤ .2 in the
univariate analysis. Although included in the univariate analy-
sis, the usual severity scores (SAPS-II, PSI, CURB-65, Charlson)
were not individually included in the multivariate model, be-
cause they partially overlap and comprise other variables that
were analyzed, per se, in particular age, chronic diseases, and
clinical and biological findings. Odds ratios (OR) and 95% con-
fidence intervals (CIs) were calculated for each variable. In a
second step, sensitivity analysis was performed by excluding

Figure 1. The histogram shows the distribution of leukocytes in different strata for the 182 patients with bacteremic pneumococcal pneumonia and an
available leukocyte count: (A) neutrophil count distribution; (B) lymphocyte count distribution; (C) monocyte count distribution. The clear bar represents
survivors and the black bars represent nonsurvivors at 30 days.
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immunosuppressed patients. Finally, receiver operating charac-
teristic (ROC) curves for the leukocyte score, the CURB-65
score and the PSI, for 48-hour and 30-day mortality were
drawn, and areas under the curves (AUC) were compared. Stat-
istical significance was defined as P < .05. Statistical analyses
were computed using SPSS version 19 software.

RESULTS

Among the 238 adult patients with pneumococcal bacteremia
from January 2005 to March 2013, 200 patients were hospital-
ized at Dijon University Hospital with a diagnosis of pneumo-
nia and without early complications. Of these, 8 were excluded
from the analysis because of missing data in the follow-up. Of
the remaining 192 patients (112 CAP [58%], 60 HCAP [31%],
and 20 HAP [10%]), 82 were prospectively included in the
PHRC cohort and 110 were retrospectively analyzed (56 pa-
tients before 2009 and 54 from 2009 onwards). No patient
was lost during the follow-up period. The total 30-day mortality
rate was 21% (16% for CAP, 28% for HCAP), and 21 of the 41
deaths (51%) occurred during the first 48 hours.

White Blood Cells Analysis: Elaboration of the Leukocyte Score
The white blood cell count was available in 182 (95%) patients,
and leukopenia <4000 cells/mm3 was present in 24 (13%) of
them. The distribution of neutrophils, lymphocytes, and mono-
cytes is shown in Figure 1. Note that patients who died were
mainly in the lower values of each subclass of leukocytes. We
created a simple leukocyte score by adding the points related
to the white blood cells counts: neutropenia (neutrophil count
<1.5.106/L), 1 point; severe lymphopenia (<400 cells/mm3, the
30th percentile), 1 point; and monocytopenia (<200 cells/
mm3, the 30th percentile), 1 point; with a minimum of 0 and
a maximum of 3. Univariate analysis revealed that 30-day mor-
tality was significantly associated with neutropenia (OR, 13.68;
95% CI, 4.35–42.99), severe lymphopenia (OR, 3.67; 95% CI,
1.70–7.93), and monocytopenia (OR, 4.61; 95% CI, 2.11–
10.07). Two groups were defined: low leukocyte score (<2)
and high leukocyte score (≥2), according to the split between
the 2 curves (leukocyte score = 1 and leukocyte score = 2) in
the Kaplan-Meier plot of 30-day survival (Figure 2).
Thirty-four of the 182 patients (19%) had a high leukocyte

score, including 13 of 39 immunocompromised patients
(33%) and 21 of 143 non-immunocompromised patients (15%).

Patients’ Characteristics
The main characteristics of the clinical outcomes are presented in
Table 1. The mean age of patients at admission was 68.9
(SD = 18.8) years; 111 patients (58%) were male, and the mean
duration of hospitalization was 18.4 (24.0) days. More than 75%
of the deaths occurred in patients aged >65 years. One hundred
and forty-two patients (74%) had at least 1 chronic comorbidity.

The mean Charlson, SAPS-II, PSI, and CURB-65 scores were
1.7 (SD = 1.8), 35.6 (SD = 16.9), 127.3 (SD = 41.3), and 2.7
(SD = 1.2), respectively, thereby reflecting severe critical illness.
Sixty-three (33%) patients had severe BPP that required admit-
tance to an intensive care unit or caused early death. Only 5 pa-
tients had a viral coinfection (3 influenza virus infections, 1
respiratory syncytial virus infection, and 1 parainfluenza 3
virus infection).

Thirty-Day Mortality
Table 1 summarizes variables with P≤ .2 in univariate analysis.
Gender, HCAP, active tobacco use, active alcohol abuse, chronic
obstructive pulmonary disease, chronic renal insufficiency, im-
munosuppression, pleural effusion, penicillin-nonsusceptible

Figure 2. Kaplan-Meier survival analysis comparing 182 patients with
bacteremic pneumococcal pneumonia according to their leukocyte score.
(A) Patients with different classes of the leukocyte score (0–3) were com-
pared (log rank: P < .0001). (B) Patients with a low (<2) leukocyte score
(gray curve) were compared with patients with a high (≥2) leukocyte
score (black curve) (log rank: P < .0001).
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pneumococci, first anti-biotherapy including a macrolide, and
inappropriate antimicrobial treatment were not associated
with 30-day mortality.
The following severity scores had lower values in survivors

than in nonsurvivors: SAPS-II (3.7 vs 54.6, P < .0001), PSI
(117.2 vs 167.9, P < .0001), and CURB-65 (2.4 vs 3.7,
P < .0001). The mean Charlson comorbidity score tended to
be lower in survivors (1.6 vs 2.3, P = .06).
In multivariate analysis, a respiratory rate ≥30 breaths/min

(OR, 4.83; 95% CI, 1.71–13.61), a low serum bicarbonate
(HCO3) level < 21 mmol/L (OR, 3.80; 95% CI, 1.11–13.00), a
high leukocyte score (OR, 6.28; 95% CI, 2.35–16.78), and an

altered mental status (OR, 4.17; 95% CI, 1.52–11.46) were asso-
ciated with 30-day mortality.
A high leukocyte score correlated remarkably well with early

death (<48 h). To predict 30-day mortality, a high leukocyte
score had a positive predictive value (PPV) of 53% and a nega-
tive predictive value (NPV) of 89%. In addition, the 3 combined
factors (high respiratory rate, low serum bicarbonates and al-
tered mental status) had a PPV = 65% and NPV = 88%, but
when these were associated with a high leukocyte score the
PPV was higher (78%) with the same NPV.
In a sensitivity analysis (without considering the 43 immuno-

suppressed patients), a respiratory rate ≥30 breaths/min (OR,

Table 1. Baseline Demographic and Clinical Characteristics of 192 Patients With Bacteremic Pneumococcal Pneumoniaa

Survivor Nonsurvivor Univariate Analysis,
OR [95% CI]

P Value Multivariate Analysis,
OR [95% CI]n = 151 n = 41

Demographic data
Age, median (IQR) 70 (54–84) 77 (65–85) .06

Age ≥65 years 91 (60) 32 (78) 2.34 [1.05–5.26] .04

Comorbid conditions
HAP 12 (8) 8 (20) 2.81 [1.06–7.42] .04

Chronic heart disease 39 (26) 16 (39) 1.84 [0.89–3.80] .10

Diabetes mellitus 30 (20) 4 (10) 0.44 [0.14–1.32] .13
Recent or progressive cancer 25 (17) 13 (32) 2.34 [1.07–5.13] .03

Immunosuppression 35 (23) 11 (27) 1.27 [0.58–2.80] .56
Clinical features on first day

Heart rate ≥110/min 69 (46) 25 (61) 1.86 [0.92–3.76] .08

Systolic blood pressure < 90 mm Hg 28 (19) 21 (51) 4.61 [2.21–9.64] <.0001
Respiratory rate ≥30/min 59 (39) 32 (78) 5.54 [2.47–12.45] <.0001 4.83 [1.71–13.61]

Altered mental status 21 (14) 18 (44) 4.85 [2.24–10.46] <.0001 4.17 [1.52–11.46]

Septic shock 11 (7) 13 (32) 5.91 [2.40–14.53] <.0001
ARDS 9 (6) 15 (37) 9.10 [3.61–22.98] <.0001

Cardiac failure 26 (17) 13 (32) 2.21 [1.01–4.84] .04

Biological feature on first day
Bicarbonates <21 mmol/L (150/41)b 8 (5) 14 (34) 9.14 [3.50–23.90] <.0001 3.80 [1.11–13.00]

Blood urea ≥10 mmol/L (150/41)b 77 (51) 33 (81) 3.91 [1.70–9.02] .001

High leukocyte score (148/34)b 16 (11) 18 (53) 9.28 [3.97–21.72] <.0001 6.28 [2.35–16.78]
Radiological findings

Multilobar infiltrates 45 (30) 32 (78) 8.38 [3.70–18.97] <.0001

Treatments, first 24 h
Amoxicillin 88 (58) 12 (29) 0.30 [0.14–0.63] <.0001

Third-generation cephalosporin 50 (33) 23 (56) 2.58 [1.28–5.22] .007

≥2 antimicrobial treatments 55 (36) 27 (66) 3.67 [1.63–6.96] .001
Other treatments

ICU admission 37 (25) 19 (46) 2.64 [1.29–5.40] .007

Mechanical ventilation 17 (11) 19 (46) 6.81 [3.08–15.07] <.0001
Dialysis 8 (5) 8 (20) 4.33 [1.52–12.39] .01

Steroids 37 (25) 15 (37) 1.78 [0.85–3.71] .12

Abbreviations: ARDS, acute respiratory distress syndrome; CI, confidence interval; HAP, hospital-acquired pneumonia; ICU, intensive care unit; IQR, interquartile
range; OR, odds ratio.
a Data are expressed as number (%), excepted age: median (IQR).
b (n1/n2): data available.

Leukocytes and Pneumococcal Pneumonia • OFID • 5



14.27; 95% CI, 3.08–66.12) and a high leukocyte score (OR,
8.33; 95% CI, 2.64–26.32) remained significantly associated
with death (Table 2).

Comparison of the Leukocyte Score With the CURB-65 Score
and Pneumonia Severity Index
Receiver operating characteristic curves and performance of the
leukocyte score, the CURB-65 score, and the PSI for 48-hour
and 30-day mortality are depicted in Figure 3. The leukocyte
score (AUC, 0.74; 95% CI, .67–.80) was as efficient as the 2
other scores in predicting 30-day mortality. Note that perfor-
mances were higher in predicting 48-hour mortality (AUC,
.89; 95% CI, .84–.93). The performances for CAP and HCAP/
HAP were comparable (Supplementary Figure 1).

Factors Associated With a High Leukocyte Score
The characteristics of the 143 immunocompetent patients ac-
cording to the leukocyte score are presented in Table 3. Active
alcohol abuse was not significantly associated with a high leuko-
cyte score (P = 1.0). No significant association was observed
between a high leukocyte score and seasonal flu epidemics
(P = .53). In multivariate analysis, ARDS (OR, 8.85; 95% CI,
2.82–27.80) and a low serum HCO3 level < 21 mmol/L (OR,
4.54; 95% CI, 1.23–16.78) were significantly associated with a
high leukocyte score. To ascertain the potential interaction be-
tween a high leukocyte score and a low bicarbonate count in the
logistic regression (Table 1), an interaction variable defined by
the multiplication of the values of these 2 variables was calcu-
lated. This variable was not significantly associated with 30-day

Table 2. Baseline Demographics and Clinical Characteristics of 143 Immunocompetent Patients With Bacteremic Pneumococcal
Pneumoniaa

Survivor Nonsurvivor Univariate Analysis,
P Value

Multivariate Analysis,
OR [95% CI]n= 117 n = 26

Demographic data
Age ≥65 years 71 (61) 20 (77) .12

Comorbid conditions

HAP 5 (4) 3 (12) .16
COPD 20 (17) 8 (31) .11

Chronic heart disease 33 (28) 13 (50) .03

Diabetes mellitus 26 (22) 2 (8) .09
Recent or evolutive cancer 3 (3) 3 (12) .07

Clinical features on first day

Heart rate ≥110/min 54 (46) 16 (62) .16
Respiratory rate ≥30/min 49 (42) 24 (92) <.0001 14.27 [3.08–66.12]

Altered mental status 19 (16) 10 (39) .01

Septic shock 9 (8) 7 (27) .01
ARDS 9 (8) 10 (39) <.0001

Cardiac failure 22 (19) 10 (39) .03

Biological features on first day
Bicarbonates <21 mmol/L 6 (5) 9 (35) <.0001

Blood urea ≥10 mmol/L 59 (50) 21 (81) .005

High leukocyte score 9 (8) 12 (46) <.0001 8.33 [2.64–26.32]
Radiological findings

Multilobar infiltrates 36 (31) 21 (81) <.0001

Treatments, first 24 h
Amoxicillin 78 (67) 7 (27) <.0001

Third-generation cephalosporin 30 (26) 16 (64) <.0001

≥2 antimicrobial treatments 36 (31) 18 (69) <.0001
Inappropriate antimicrobial treatment 4 (3) 3 (12) .11

Other treatments
ICU admission 30 (26) 14 (54) .005

Mechanical ventilation 14 (12) 13 (50) <.0001

Dialysis 5 (4) 6 (8) .001

Abbreviations: ARDS, acute respiratory distress syndrome; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HAP, hospitalized-acquired
pneumonia; ICU, intensive care unit; OR, odds ratio.
a Data are expressed as number (%).
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mortality (P = .73), and the coefficient of correlation was −.09
(inferior to .9).

DISCUSSION

The first result of this study is that BPP is associated with a high
mortality rate: 21% of patients died during the following month,

which is in keeping with previous studies (15%–29%) [4, 8, 11].
As also reported previously, 10% of the infections were HAP
[24], and bacteremic pneumococcal HCAP and HAP were asso-
ciated with higher mortality: 23% and 40%, respectively [25],
whereas 30-day mortality for CAP was 17%.
Second, the main prognostic factors found are similar to

those observed in previous studies. Of the conditions known

Figure 3. Receiver operating characteristic (ROC) curves for the leukocyte score, the CURB-65 score, and the Pneumonia Severity Index (PSI), for (A) 48-
hour mortality and (B) 30-day mortality; (C) area under the ROC curves; (D) measures of performance in predicting 48-hour and 30-day mortality by the 3
scores.
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to increase the incidence of invasive pneumococcal disease [26],
chronic heart disease was the most frequent in our study. The
Charlson comorbidity score, which reflects the vulnerability of
the patients, was high. The PSI and CURB-65 scores, which
have been validated as predictors of the need for intensive care
and death in BPP [27], were significantly higher in the nonsurvi-
vor group. Therefore, severe clinical signs were associated with a
poorer outcome, as shown in multivariate analysis by the corre-
lation between 30-day mortality, a higher respiratory rate, and al-
tered mental status. In addition, a low serum HCO3 level, which
reveals severe lactic acidosis [28], was an independent factor of
mortality. This test can be done routinely, but it is almost
never studied in BPP. As previously reported, we found no signif-
icant association between the appropriateness of initial antimi-
crobial therapy and 30-day mortality [29]. In addition, using
third-generation cephalosporin was associated with a higher
death rate, and using amoxicillin was associated with a higher
survival rate in the univariate but not in the multivariate analysis.
These findings reflect possible bias because third-generation
cephalosporin is recommended in severe CAP or HCAP [30].
Third, we observed that neutropenia, lymphopenia, and

monocytopenia were significantly associated with 30-day mor-
tality. The incidence of leukopenia (13%) was similar to that in
other studies [5, 8, 11]. When white blood cell abnormalities
were combined in a leukocyte score, we found that a score of
2 or more was associated with 30-day mortality in the whole
population as well as in immunocompetent patients only. The

PPV of the leukocyte score alone (53%) was lower than the PPV
of the other 3 factors together (65%). However, combining all 4
factors significantly improved the PPV (78%), whereas the NPV
did not change (approximately 88%). More specifically, a high
leukocyte score was associated with early mortality: the higher
the score, the higher the mortality. Note that the leukocyte
score, similar to the CURB-65 score and the PSI, seems to per-
form better in predicting early mortality for CAP and for
HCAP/HAP.
Unlike previous studies, in our study leukopenia in pneumo-

coccal pneumonia did not appear to be linked to the suppressive
impact of chronic alcoholism on the granulopoietic response to
pulmonary S pneumoniae infection [31, 32]. We also found no
significant association between mortality and viral coinfections.
Indeed, in influenza infections, leukopenia is commonly associ-
ated with ARDS and a poor prognosis [33] and may be related
to alterations in the lympho-hematopoietic system with de-
struction of lymphocytes by virus-induced apoptosis, hemo-
phagocytosis [33], and the depletion of alveolar macrophages
[34]. However, viral coinfections were rarely observed in our
study, and the under-diagnosis of such infections cannot be
ruled out.
Nevertheless, leukopenia may be a direct consequence of the

pneumococcal infection itself. The pneumococcal capsule is
probably involved, leading to a failure of phagocytosis [35]. It
is likely that other virulence factors, such as pneumolysin, are
also responsible for leukopenia, as shown in S aureus with

Table 3. Characteristics According to the Leukocyte Score of the 143 Immunocompetent Patients With Bacteremic Pneumococcal
Pneumoniaa

Low Leukocyte
Score

High Leukocyte
Sore

Univariate Analysis,
P Value

Multivariate
Analysis,

OR [95% CI]n= 122 n = 21

Demographic

Male gender 68 (56) 8 (38) .14
Clinical features on first day

Heart rate ≥110/min 55 (45) 15 (71) .03

Systolic blood pressure < 90 mm Hg 25 (21) 8 (38) .09
Respiratory rate ≥30/min 57 (47) 16 (76) .01

Altered mental status 22 (18) 7 (33) .14

Septic shock 9 (7) 7 (33) .003
ARDS 9 (7) 10 (48) <.0001 8.85 [2.82–27.80]

Biological features on first day

Bicarbonates < 21 mmol/L 8 (7) 7 (33) .002 4.54 [1.23–16.78]
Blood urea ≥10 mmol/L 64 (53) 16 (76) .04

Microbiological findings

Penicillin G (MIC≥ 0.06 µg/mL) 38 (31) 2 (10) .04
Third-generation cephalosporin (MIC≥ 0.5 µg/mL) 21 (17) 1 (5) .20

Documented viral coinfection 0 4 (8%) .01

Abbreviations: ARDS, acute respiratory distress syndrome; CI, confidence interval; MIC, minimal inhibitory concentration; OR, odds ratio.
a Data are expressed as number (%).
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Panton-Valentine leukocidin (PVL) in necrotizing CAP, where
severe leukopenia (≤3000 cells/mm3) is an important risk factor
of mortality [10]. In such cases, PVL is known to induce both
apoptosis and necrosis in human leukocytes [36]. In addition, in
the study by Khanafer et al [10], there were significantly more
ARDS with severe leukopenia (77% vs 18%, P < .0001). These
results were confirmed in our cohort of BPP, with a significant
association between ARDS and a high leukocyte score, probably
reflecting the incapacity of the innate immune response to con-
trol bacterial growth.
After pneumococcal invasion, neutrophils and lymphocytes

are rapidly recruited in great numbers at sites of infection [12,
37] and lead to inflammation-related lung damage. Thus, lym-
phopenia can be explained by lymphocyte sequestration in the
peripheral tissues or apoptosis [38]. Monocytopenia might be a
result of pneumolysin. First, monocytes are recruited and se-
questered in the lung [39]. Then, pneumolysin depresses the
monocyte respiratory burst and bactericidal activity [40]. Final-
ly, murine models of local lung inflammation have revealed the
sequestration of monocytes released from bone marrow [39].
These findings reinforce the controversial paradigm of sepsis-

induced immunosuppression [14],which may partly explain the
failure of many clinical trials that investigate an immunosup-
pressive approach in sepsis. Efforts are currently focused on
new therapies to modulate the immune host response and
new biomarkers that could identify patients with immunopar-
alysis [14]. From a clinical point of view, the leukocyte score
could be a simple, readily available, and inexpensive biomarker
that provides information on 3 major immune cells. However,
we cannot exclude the possibility that we missed some patients
with genuine BPP, either because blood sampling was not done
or because effective antibiotic treatment was started before
blood samples were taken. Furthermore, missing leukocyte
data for 10 patients (3 survivors and 7 nonsurvivors) represent
a potential bias in the analysis of the prognostic factors. The fact
that we combined CAP and HCAP could also have modified the
results. The single-centre nature of the study and the retrospec-
tively collected data are also limitations. In addition, we as-
sumed that a high leukocyte score could be related to a high
initial bacterial inoculum and/or a different expression of viru-
lence factors, without being able to demonstrate that this was
indeed the case. Finally, given the great number of variables an-
alyzed, the logistic regression model is possibly subject to over-
fitting. However, the 3 main variables (high leukocyte score,
high respiratory rate and altered mental status) remained signif-
icantly associated with 30-day mortality after a bootstrapping
procedure with 1000 replications and a CI of 95%.

CONCLUSIONS

In conclusion, a high leukocyte score was associated with mortal-
ity in this homogenous cohort of BPP in which the demographic,

clinical, and biological data and prognostic factors were compa-
rable to those in other BPP cohorts. A low white blood cell count
is probably an early marker of failure of the immune system in its
response to bacterial proliferation in the lung and may reflect an
impaired innate immune response in some patients, possibly
linked to the capsule, pneumolysin, and to other virulence fac-
tors. The predictive value of the leukocyte score in BPP has to
be confirmed in other studies and should be investigated in pneu-
monia or sepsis, in which immunoparalysis has been found to be
associated with a poor prognosis.

Supplementary material

Supplementary material is available online at Open Forum Infectious Diseas-
es (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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