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Abstract
Purpose  To evaluate the impact of an optimal and reproducible cutoff value set according to a predefined lymphopenia scale 
as an early predictor of in-hospital mortality and other outcomes in patients hospitalized with pneumococcal pneumonia and 
positive urinary antigen at admission to the emergency department.
Methods  An observational cohort study was conducted based on analysis of a prospective registry of consecutive immu-
nocompetent adults hospitalized for pneumococcal pneumonia in two tertiary hospitals. Generalized additive models were 
constructed to assess the smooth relationship between in-hospital mortality and lymphopenia.
Results  We included 1173 patients. Lymphopenia on admission was documented in 686 (58.4%). No significant differences 
were observed between groups regarding the presence of comorbidities. Overall, 299 (25.5%) patients were admitted to 
intensive care and 90 (7.6%) required invasive mechanical ventilation. Fifty-nine (5%) patients died, among them 23 (38.9%) 
in the first 72 h after admission. A lymphocyte count < 500/μL, documented in 282 (24%) patients, was the predefined cutoff 
point that best predicted in-hospital mortality. After adjustment, these patients had higher rates of intensive care admis-
sion (OR 2.9; 95% CI 1.9–4.3), invasive mechanical ventilation (OR 2.2; 95% CI 1.2–3.9), septic shock (OR 1.8; 95% CI 
1.1–2.9), treatment failure (OR 2.1; 95% CI 1.2–3.5), and in-hospital mortality (OR 2.2; 95% 1.1–4.9). Severe lymphopenia 
outperformed PSI score in predicting early and 30-day mortality in patients classified in the higher-risk classes.
Conclusion  Lymphocyte count < 500/μL could be used as a reproducible predictor of complicated clinical course in patients 
with an early diagnosis of pneumococcal pneumonia.

Keywords  Early mortality · Lymphopenia · Pneumococcal pneumonia · Streptococcus pneumoniae · Community-acquired 
pneumonia

Luis A. Ruiz and Leyre Serrano have contributed equally to this 
work.

 *	 Luis A. Ruiz 
	 luisalberto.ruiziturriaga@osakidetza.eus

1	 Pneumology Service, Hospital Universitario Cruces, 
48903 Barakaldo, Bizkaia, Spain

2	 BioCruces Bizkaia Health Research Institute, Barakaldo, 
Bizkaia, Spain

3	 Department of Medicine, Facultad de Medicina y 
Enfermería, Universidad del País Vasco/Euskal Herriko 
Unibertsitatea UPV/EHU, Bilbao,  Bizkaia, Spain

4	 Department of Immunology, Microbiology and Parasitology, 
Facultad de Medicina y Enfermería, Universidad del 
País Vasco/Euskal Herriko Unibertsitatea UPV/EHU, 
Bilbao,  Bizkaia, Spain

5	 Bioinformatic and Statistic Unit, BioCruces Bizkaia Health 
Research Institute, Barakaldo,  Bizkaia, Spain

6	 Pneumology Service, Hospital Galdakao-Usansolo, 
Galdakao, Bizkaia, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/s15010-023-01984-2&domain=pdf


	 L. A. Ruiz et al.

1 3

Introduction

Community-acquired pneumonia (CAP) remains one of 
the leading causes of hospitalization and places a burden 
on healthcare systems worldwide [1, 2]. It is currently the 
most common infectious cause of death in the developed 
world despite advances in antibiotic treatments [3]. Clini-
cal deterioration occurs early after hospital admission with 
pneumonia [4]. For this reason, failure to triage the severity 
of illness and consequent allocation of an inappropriate site 
of care, including late ICU admission, may lead to worse 
outcomes [5]. Though current guidelines recommend routine 
risk stratification using various prediction rules, the detec-
tion of patients at high risk of early clinical deterioration by 
current scores remains suboptimal.

The prognosis of a patient with CAP depends on the 
virulence of the pathogen responsible, early administra-
tion of appropriate antibiotic therapy and the provision of 
adequate support measures, as well as the characteristics of 
the patient, among them, the host’s ability to respond to the 
infection. Recently, the concept of lymphopenic pneumo-
nia has been described, referring to immunocompromised 
patients with pneumonia who have a low lymphocyte count 
in a complete blood count performed at the time of diagno-
sis. This subgroup of patients may have a poorer prognosis 
and higher mortality [6]. Nonetheless, studies on this topic 
have been based on the analysis of data from general series 
including patients with different etiologies of pneumonia 
[6–9]. Moreover, lymphocyte-count cutoffs defined previ-
ously have varied between the populations studied [6–9]. 
This makes it difficult to extrapolate the concept to other 
populations and apply it in clinical practice.

Streptococcus pneumoniae is the most commonly isolated 
pathogen, being responsible for the highest rates of hospital 
admission and mortality [10, 11]. The pneumococcal urinary 
antigen test (PUAT) is a non-invasive method with moderate 
sensitivity and high specificity, and its results are obtained in 
less than 1 h, helping to achieve an early diagnosis of pneu-
mococcal CAP at hospital admission [12]. The prognostic 
ability of lymphocyte count on admission in this specific 
group, namely, patients with pneumococcal pneumonia, has 
not been investigated. At this point, it could be hypothesized 
that early information concerning pathogen–host immune 
system interaction could serve as a complementary tool in 
the risk stratification of these patients seeking to improve the 
process of care and outcome.

Given this, the objective of our study was to assess 
whether severe lymphopenia on admission (according to 
a predefined and standardized scale) is a reliable predictor 
of clinical outcomes in this subgroup of immunocompetent 
patients with an early diagnosis of pneumococcal CAP based 
on a positive PUAT at admission.

Material and methods

Study design and population

This was an observational study based on the analysis of a 
prospective registry of consecutive immunocompetent adults 
(age 18 years or more) hospitalized for pneumococcal pneu-
monia in two tertiary medical centers (Cruces and Galdakao 
Hospitals). The study was conducted between January 2002 
and December 2020. The bacteriological diagnosis of pneu-
mococcal pneumonia was based on the results of PUAT and/
or blood culture. For the purpose of the study, we limited 
the analysis to consecutive patients who had a positive pneu-
mococcal urinary antigen testing performed at admission 
to the emergency department. The PUAT was performed 
by analyzing concentrated urine samples with an immuno-
chromatographic membrane assay (Binax Inc., Scarborough, 
ME) [13]. Participants were stratified according to the pres-
ence of lymphopenia in a blood sample drawn at the time of 
admission. Lymphopenia was defined as a peripheral blood 
lymphocyte cell count of less than 1000/μL measured using 
an automatic analyzer at our central laboratory. The grade 
of lymphopenia was evaluated according to the Common 
Terminology Criteria for Adverse Events (CTCAE) [14]: (1) 
mild (1000–800 lymphocytes/μL); (2) moderate (799–500 
lymphocytes/μL); (3) severe (< 500 lymphocytes/μL).

Patients were excluded if they had polymicrobial infec-
tion (detection of both S. pneumoniae and another patho-
gen), had been hospitalized at any point in the 14 days before 
the diagnosis of pneumonia, or had been diagnosed with 
pneumonia in the previous 3 months.

The study protocol was approved by the Drug Research 
Ethics Committee of the Basque Country (Comité de Etica 
de Investigación con Medicamentos de Euskadi, approval 
reference number: EPA2019043).

Data collection

Since 2002, there has been an ongoing standardized pro-
spective registry of all patients hospitalized for pneumo-
nia in our two hospitals. For eligible patients, we collected 
data on sociodemographic characteristics, comorbidities, 
influenza and pneumococcal vaccination status, vital signs, 
results of routine laboratory tests and radiological findings 
on admission. The severity of patients’ clinical condition 
was assessed on admission using the Pneumonia Severity 
Index (PSI) [15].

Measures of in-hospital clinical course and outcome 
included: (1) admission to the intensive care unit (ICU); 
(2) use of invasive mechanical ventilation (IMV); (3) septic 
shock; (4) treatment failure; and (5) in-hospital mortality. 
Patients were empirically treated in accordance with the 
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current National Guidelines of the Spanish Society of Pul-
monology (SEPAR) at the discretion of the attending doctor 
[16].

Objectives

The primary objective was to explore the existence of an 
optimal and reproducible cutoff value set according to 
a predefined lymphopenia scale as a reliable predictor of 
in-hospital course and outcome in a consecutive cohort of 
immunocompetent patients hospitalized with an early diag-
nosis of pneumococcal CAP based on urinary antigen testing 
at admission. The secondary objective was to evaluate the 
ability of severe lymphopenia in addition to PSI score to 
predict early mortality during hospitalization of this group 
of patients.

Other definitions

Pneumonia was defined as the presence of new pulmonary 
infiltrate on a chest X-ray together with signs and symptoms 
suggestive of lower respiratory tract infection. A patient was 
considered immunocompetent if they did not have a history 
of any of the following before hospital admission: primary 
immunodeficiencies, human immunodeficiency virus infec-
tion, leukemia, myeloproliferative or lymphoproliferative 
syndromes, monoclonal gammopathies, solid organ trans-
plantation, treatment with > 10 mg/day of prednisone (for 
more than 2 weeks or equivalent in the 3 months before 
admission), chemotherapy during the last 3 months or other 
immunosuppressive drugs [17].

Septic shock was defined as systolic blood pressure of 
less than 90 mm Hg and a need for vasopressors for at least 
4 h after fluid therapy [18].

Treatment was considered to have failed when patients’ 
clinical condition worsened during their hospital stay with: 
hemodynamic instability; appearance or worsening of respir-
atory failure; a need for IMV; progression of the pneumonia, 
as indicated by radiological findings, or the appearance of 
a new focus of infection; or persistence or reappearance of 
fever, if a change of treatment was required [19].

Early mortality was defined as death due to any cause in 
the first 72 h after hospitalization [20].

Statistical analysis

Descriptive analysis was undertaken, using frequencies and 
percentages, means and standard deviations (SDs) or medi-
ans and interquartile ranges (IQRs) depending on the distri-
bution of the data. Shapiro–Wilks test and Q–Q plots were 
used to determine whether continuous variables were nor-
mally distributed. Statistical differences between lymphope-
nia groups were assessed using Student’s t test or one-way 

analysis of variance (ANOVA) in the case of normally dis-
tributed variables and Mann–Whitney or Kruskal–Wallis 
tests otherwise. The p values were adjusted for multiple 
testing using the Tukey method if data were normally dis-
tributed and the Benjamini and Hochberg method otherwise. 
Categorical variables were expressed as percentages. Com-
parisons were taken with Chi-square or Fisher’s exact tests 
as appropriate.

The smooth relationship between severity of lymphope-
nia, according to the CTCAE classification, and in-hospital 
mortality was analyzed using generalized additive models. 
This statistical technique allowed us to graphically display 
this relationship, and hence, a cutoff point that best predicted 
in-hospital mortality was selected considering the point at 
which the smooth curve crossed the x-axis.

Univariate logistic regression models were used to com-
pare in-hospital course and clinical outcomes between the 
groups. Then, multivariate logistic regression models were 
built including clinically relevant variables with p < 0.05 in 
the univariate analysis as potential predictors. The results are 
reported as odds ratios (ORs) and 95% confidence intervals 
(CIs), taking patients with lymphocyte count ≥ 500/μL as 
the reference group.

Patient survival was analyzed using Kaplan–Meier 
curves. The log-rank test was used to compare survival 
between subgroups. Hazard ratios (HRs) and the correspond-
ing 95% CIs for early mortality were estimated by multivari-
ate Cox regression. The ability of lymphocyte count < 500/
μL to predict early and 30-day mortality in patients with 
PSI score > 3 was assessed by calculating the area under the 
receiver operating characteristic curves (AUC).

All analyses were performed with the statistical software 
R (version 4.1.2): A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria.

Results

Over the study period, 1389 patients with pneumococcal 
pneumonia were assessed for eligibility. After applying the 
exclusion criteria, 1173 were eligible for the analysis. Over-
all, lymphopenia at admission was detected in 686 patients 
(58.4%) (Fig. 1).

The mean age of the entire cohort was 64.1 (17.3 SD) 
years, 655 patients (55.8. %) being ≥ 65 years. Table 1 
summarizes the demographic and clinical features of the 
entire cohort by the presence or absence of lymphopenia, 
stratifying patients into three groups according to the lym-
phocyte count measured in a blood sample drawn at the 
time of admission. Severe lymphopenia was observed in 
282 (24%) patients. These patients were more likely to be 
heavy drinkers, present multilobar involvement on chest 
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X-ray and have higher levels of C-reactive protein and less 
likely to have received pneumococcal vaccination or anti-
biotic prescription before hospital admission. Overall, no 
statistically significant differences were observed between 
groups regarding either the presence of medical comorbid-
ities or the mean number of days with symptoms prior to 
hospital admission. All patients received at least one dose 
of antibiotic treatment during their emergency department 
stay. A greater proportion of lymphopenic patients were 
classified in the higher-risk classes according to PSI score 
(P < 0.001).

Overall, 299 (25.5%) patients were admitted to an ICU 
and 90 (7.6%) required IMV. Further, 59 (5%) patients died, 
23 (38.9%) in the first 72 h after admission.

Figure 2 shows the generalized additive models con-
structed to assess the smooth relationship between lympho-
penia levels and in-hospital mortality. A lymphocyte count 
of less than 500/μL was the cutoff point, from the CTCAE 
classification, that best predicted in-hospital mortality.

Table  2 presents the in-hospital mortality and other 
outcomes in the group of patients with severe lymphope-
nia. In the adjusted multivariate analysis, patients with a 
lymphocyte count of less than 500/μL on admission were 
more likely to be admitted to the ICU (OR 2.9; 95% CI 
1.9–4.3; p < 0.001), require IMV (OR 2.2; 95% CI 1.2–3.9; 
p < 0.001), develop septic shock (OR 1.8; 95% CI 1.1–2.9; 
p < 0.001) and experience treatment failure (OR 2.1; 95% 
CI 1.2–3.5; p < 0.001) as well as having a higher in-hospital 
mortality rate (OR 2.2; 95% 1.1–4.9; p < 0.04).

Figure 3 shows Kaplan–Meier survival curves plotted as 
a function of lymphocyte count. These curves demonstrate 
marked differences in 30-day survival in patients with severe 
lymphopenia on admission (log-rank test < 0.001).

Figure 4 shows Kaplan–Meier survival curves plotted as 
a function of lymphocyte count (dichotomized to < 500/μL 
vs. ≥ 500/μL) and PSI score (dichotomized to ≤ 3 vs. > 3). 
Severe lymphopenia in patients with PSI score > 3 were sig-
nificantly associated with higher early mortality (p = 0.02). 
Furthermore, patients with a lymphocyte count of less than 
500/μL had significantly higher 30-day mortality in both low 
and high PSI risk classes (p = 0.004 and p = 0.005, respec-
tively). Patients with lymphocyte count of less than 500/μL 
in addition to PSI score > 3 presented higher AUC for the 
prediction of both, early (0.793 vs 0.730) and 30-day mortal-
ity (0.790 vs 0.738) (Table 3).

Discussion

This study provides a comprehensive evaluation of the 
role of lymphopenia as a prognostic factor in a consecutive 
series of immunocompetent hospitalized patients with an 
early diagnosis of pneumococcal pneumonia at the time of 
presentation to the emergency department. The main find-
ings of this large prospective cohort study were: (1) nearly 
25% of patients with pneumococcal pneumonia had severe 
lymphopenia on admission and were at increased risk of 
ICU admission, IMV, septic shock, treatment failure and in-
hospital mortality. (2) A predefined cutoff point of 500/μL 
set according to a well-known classification could be used 
as a standardized value to predict mortality. (3) The finding 
of a lymphocyte count of less than 500/μL in addition to PSI 
score could reliably predict early mortality on admission.

The main strength of our study lies in the study popula-
tion itself, namely, a large prospective sample of unselected 
immunocompetent patients and the reproducibility of the 
design, based on the current clinical management of these 
patients in the real world. Specifically, we only included 
immunocompetent patients with pneumococcal pneumonia 
diagnosed early based on testing positive in a urinary antigen 
test performed on emergency department arrival. In addi-
tion, we have evaluated the role of lymphopenia according 
to a predefined classification [14]. We consider that these 
factors enhance the reproducibility and strengthen the clini-
cal applicability of our results.

Similar to other studies including patients with CAP in 
general, we have found that lymphopenia on admission is 
common in immunocompetent patients with pneumococ-
cal pneumonia [6, 7, 9]. The role of lymphopenia as a pre-
dictor of mortality has been recognized in patients with 
SARS-CoV-2 pneumonia [21]. On the other hand, com-
pared to patients with SARS-CoV-2 pneumonia, patients 

1389 patients assessed for eligibility*

1173 patients 

included in the analysis

686 (58.6%))

< 1000 lymphocytes/μL

487 (41.5%)

≥ 1000 lymphocytes/μL

216 excluded

(PUAT negative and

positive blood culture)

* Consecutive patients who had an urinary antigen test performed and blood drawn for culture 

on arrival to the emergency department. PUAT: pneumococcal urinary antigen test. 

Fig. 1   Flow of patients admitted with pneumococcal pneumonia 
through the study
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Table 1   Demographic and clinical characteristics of patients with pneumococcal pneumonia stratified by the presence or absence of lymphope-
nia (based on lymphocyte count on admission)

IQR interquartile range, BUN blood urea nitrogen, CRP C-reactive protein, PSI Pneumonia Severity Index
p* lymphocytes count ≥ 1000/μL versus grade of lymphopenia.

Grade of lymphopenia

 ≥ 1000 lym-
phocytes/μL
(n = 487)

 < 1000 lym-
phocytes/μL
(n = 686)

p Mild 
(1000–800 
lymphocytes/
μL)
(n = 132)

Moderate 
(799–500 lym-
phocytes/μL)
(n = 272)

Severe 
(< 500 
lymphocytes/
μL)
(n = 282)

p*

Demographic variables
 Male sex 271 (57) 427 (62.2) 0.027 84 63.6.) 164 (60.3) 179 (63.5) 0.119
 Age ≥ 65 years 280 (57.5) 375 (54.7) 0.367 79 (59.8) 157 (57.7) 139 (49.3) 0.082
 Nursing home resident 14 (2.8) 17 (2.4) 0.816 3 (2.2) 7 (2.6) 7 (2.5) 0.993
 Current smoker 130 (26.8) 171 (25.1) 0.550 32 (24.6) 66 (24.4) 73 (26) 0.885
 Heavy drinker 47 (9.9) 94 (14.2) 0.004 14 (10.9) 29 (11.1) 51 (18.8) 0.003

Underlying conditions
 Arterial hypertension 193 (39.6) 277 (40.5) 0.812 65 (49.2) 104 (38.2) 108 (38.6) 0.151
 Hyperlipidemia 139 (28.5) 139 (24.7) 0.161 33 (25) 77 (28.3) 59 (21.1) 0.117
 Chronic renal disease 18 (3.7) 37 (5.3) 0.224 4 (3) 18 (6.6) 15 (5.3) 0.221
 Chronic obstructive pulmonary disease 99 (20.3) 135 (19.7) 0.841 28 (21.2) 58 (21.3) 49 (17.4) 0.644
 Diabetes mellitus 84 (17.2) 114 (16.6) 0.846 27 (20.5) 45 (16.6) 42 (14.9) 0.561
 Cerebrovascular disease 26 (5.3) 44 (6.4) 0.522 8 (6) 17 (6.2) 19 (6.7) 0.877
 Congestive heart disease 43 (8.8) 72 (10.4) 0.823 14 (10.6) 31 (11.4) 27 (9.5) 0.705
 Cancer 22 (4.5) 33 (4.8) 0.925 4 (3) 15 (5.5) 14 (4.9) 0.727
 Liver disease 16 (3.2) 34 (4.9) 0.214 3 (2.2) 15 (5.5) 16 (5.6) 0.186

Vaccination status
 Influenza vaccine 147 (31.5) 186 (28.4) 0.303 44 (34.4) 75 (28.6) 67 (25.4) 0.208
 Pneumococcal vaccination 74 (15.8) 72 (11) 0.022 17 (13.3) 33 (12.6) 22 (8.2) 0.035

Clinical characteristics at admission
 Median number of days with symptoms 

prior to hospital admission (IQR)
3 (2–5.7) 3 (2–5) 0.72 3 (2–5) 4 (2–5) 3 (2–5) 0.97

 Prior antibiotic treatment 71 (15) 36 (5.3)  < 0.001 7 (5.3) 15 (5.6) 14 (5)  < 0.001
 Body temperature < 35 or > 40ºC 7 (1.4) 7 (1) 0.708 2 (1.5) 2 (0.7) 3 (1.1) 0.840
 Altered mental status 42 (8.6) 75 (10.9) 0.230 14 (10.6) 26 (9.5) 35 (12.4) 0.397
 Systolic blood pressure < 90 mm Hg 33 (6.7) 78 (11.4) 0.011 19 (14.4) 25 (9.2) 34 (12.1) 0.018
 Respiratory rate ≥ 30/minute 87 (18) 170 (25) 0.006 29 (22.1) 55 (20.4) 86 (30.8) 0.001

Laboratory and radiological findings
 BUN ≥ 30 mg/dL 165 (33.9) 303 (44.2)  < 0.001 53 (40.2) 106 (39) 144 (51.1)  < 0.001
 PaO2 < 60 mm Hg 182 (45.6) 335 (56.4) 0.001 55 (50) 125 (51.9) 155 (63.8)  < 0.001
 Glucose > 250 mg/dL 32 (6.5) 58 (8.4) 0.279 13 (9.8) 21 (7.7) 24 (8.5) 0.573
 Hematocrit < 30% 15 (3.1) 30 (4.3) 0.326 5 (3.8) 9 (3.3) 16 (5.6) 0.315
 Blood pH < 7.35 22 (5.5) 49 (8.2) 0.137 8 (7.2) 16 (6.7) 25 (10.2) 0.168
 Sodium < 130 MEq/L 30 (6.1) 58 (8.4) 0.175 8 (6) 21 (7.7) 29 (10.3) 0.185
 CRP ≥ 15 mg/dL 226 (65) 380 (75) 0.002 76 (76) 130 (65) 174 (84.1)  < 0.001
 Multilobar pneumonia 125 (25.7) 238 (34.7) 0.001 30 (22.7) 88 (32.4) 120 (42.7)  < 0.001
 Pleural effusion 55 (11.3) 75 (10.9) 0.921 9 (6.8) 25 (9.2) 41 (14.5) 0.076

Severity of illness at admission
 PSI risk class > 3 210 (43.1) 381 (55.5)  < 0.001 70 (53) 144 (52.9) 167 (59.2)  < 0.001
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with bacteremic pneumococcal CAP were found to have a 
lower lymphocyte count on admission, even among those 
subsequently requiring ICU admission [22]. To our knowl-
edge, this is the first study that has evaluated the impor-
tance of lymphopenia as a biomarker focusing on the sub-
group of patients with an early diagnosis of pneumococcal 
pneumonia.

Over half of all CAP cases lack an etiological diagnosis 
[2]. Early identification of the etiological agent allows clini-
cians to adapt the antimicrobial management for individual 
patients enabling prompt adequate treatment and likely lim-
iting the development of antibiotic resistance. Indications 
for microbiological testing in patients with CAP are contro-
versial [23]. Considering that Streptococcus pneumoniae is 
the pathogen most frequently identified in patients requiring 
hospitalization, several national guidelines currently recom-
mend UAT performance in this population [16, 24]. This 

diagnostic approach has been associated with lower mortal-
ity in patients in a more severe condition [25].

It remains unclear whether severe lymphopenia is a 
cause or an epiphenomenon secondary to the severity of the 
pneumonia [26]. Furthermore, patients with pneumococcal 
pneumonia have a higher level of proinflammatory cytokine 
production than those with CAP caused by other microor-
ganisms [27]. In this context, our results could suggest that 
lymphopenia itself is a consequence of the inflammatory 
response associated with the severity of this clinical condi-
tion. This idea can be considered to be in line with a previ-
ous report showing that lymphopenic patients with severe 
CAP and a high inflammatory response present increases in 
lymphocyte count after receiving corticosteroid treatment 
[28]. On the other hand, we have observed that once severe 
lymphopenia has developed, patients have a higher probabil-
ity of a poor clinical course regardless of the severity of their 
clinical condition as assessed by PSI score and other param-
eters. It could be hypothesized that lymphopenia may lead to 
dysregulation of the immune–host response to the infection. 
If so, severe lymphopenia may be interpreted as a surrogate 
marker of host–pathogen immune interaction that may have 
implications for use of immunomodulatory therapy. Future 
multicenter studies are required to clarify this issue.

In contrast to our study, other authors have evaluated the 
prognostic utility of this biomarker using different cutoff 
points based on the characteristics of the specific population 
under study [6–9]. Our study shows that a predefined lym-
phocyte count of less than 500/μL could be used as a repro-
ducible value for predicting complicated clinical course. 
We consider that these results could facilitate the adoption 
of this parameter and even its incorporation into the risk 
stratification scales as an indicator of sepsis-related organ 
dysfunction.

Identification of patients with CAP at risk of early mortal-
ity continues to be a challenge in the initial management of 
this condition. Compared to later deaths, it has been classi-
cally accepted that early deaths are less dependent on antibi-
otic efficacy [29]. In line with this, our study population only 

Fig. 2   Plot of estimated smooth spline function with 95% confidence 
interval showing relationship between severe lymphopenia and in-
hospital mortality

Table 2   In-hospital course and outcomes of patients with severe lymphopenia on admission

ICU intensive care unit, IMV invasive mechanical ventilation, OR odds ratio, CI confidence interval
*Adjusted by heavy drinker, pneumococcal vaccination, prior antibiotic treatment, PSI risk class > 3, CRP ≥ 15 mg/dL, multilobar pneumonia

 ≥ 500 lymphocytes/
μL (n = 891)

 < 500 lymphocytes/
μL (n = 282)

p Unadjusted OR  
(95% CI)

p Adjusted* OR  
(95% CI)

p

ICU 168 (18.9%) 131 (46.6%)  < 0.001 3.7 (2.8–5)  < 0.001 2.9 (1.9–4.3)  < 0.001
IMV 39 (4.3%) 51 (18.1%)  < 0.001 4.8 (3.1–7.5)  < 0.001 2.2 (1.2–3.9) 0.008
Septic shock 78 (8.7%) 66 (23.4%)  < 0.001 3.1 (2.2–4.5)  < 0.001 1.8 (1.1–2.9) 0.012
Treatment failure 75 (8.6%) 60 (21.7%)  < 0.001 2.9 (2–4.2)  < 0.001 2.1 (1.2–3.5) 0.003
In-hospital mortality 29 (3.2%) 30 (10.6%)  < 0.001 3.5 (2.1- 6)  < 0.001 2.2 (1.1–4.9) 0.045



Impact of severe lymphopenia on the early prediction of clinical outcome in hospitalized patients…

1 3

included patients with a prompt etiological diagnosis which 
facilitated the prescription of guideline-concordant antibi-
otics shortly after admission. Furthermore, a lymphocyte 
count of less than 500/μL provides complementary informa-
tion to that offered by PSI score and allows us to identify a 
subgroup of patients at high risk of death soon after admis-
sion. These observations are compatible with a possible role 
of immune system dysfunction in the prompt outcome of 
these patients. Interestingly, we found that patients with a 
normal lymphocyte count or less severe lymphopenia were 
at low risk of treatment failure. Further, treatment fails in 
11–16% of cases and this has been associated with increased 
mortality in patients hospitalized for pneumonia [18, 30, 31]. 
Although leukopenia has been previously identified as a risk 
factor, our results highlight the potential role of lymphocytes 
in patients failing to respond adequately to treatment [19]. 
Lymphocyte count could represent an easy-to-perform and 
reproducible severity marker to alert clinicians to the need 
for close monitoring and intensive management.

We recognize that our study has some limitations: (1) We 
cannot exclude a lower sensitivity of conventional PUAT 
used in this study compared to serotype-specific urinary 
antigen detection assays for detecting pneumococcal CAP 
[32, 33]. However, this test is not available in the routine 
clinical practice. (2) This was an observational study and 
the study population was restricted to patients in which uri-
nary antigen tests had been performed. On the other hand, 
this limitation could be considered a strength because this 
restricted group represents a well-defined cohort of patients 
and enhances the external validity of this study. (3) We have 
not evaluated lymphocyte subpopulations. Although such 
data could be useful for evaluating possible mechanisms of 
interaction between the host immune system and pneumo-
cocci, they are not routinely assessed in the real-world care 
of patients with CAP. (4) Finally, this study was conducted 
in two hospitals in the same geographical area and health 
system, and hence, it may not be possible to extrapolate the 
results to other areas with different diagnostic protocols.

Despite these limitations, our findings have important 
implications. Clinicians need to be aware of the importance 
of a simple biomarker such as lymphocyte count and its role 
in in-hospital outcome in these patients. A better knowl-
edge of this biomarker may help identify patients at risk of 

Fig. 3   Kaplan–Meier survival curves for 30-day mortality in immu-
nocompetent patients with pneumococcal pneumonia stratified by 
severe lymphopenia on admission

Fig. 4   Kaplan–Meier survival curves for early and 30-day mortality 
plotted as a function lymphocyte count and PSI score on admission

Table 3   Area under the receiver operating characteristics curve (AUC) for PSI score > 3 and PSI score > 3 in addition to lymphocyte 
count < 500/μL for predicting early and 30-day mortality

CI confidence interval
*Early mortality: death due to any cause in the first 72 h after hospitalization

Early mortality* AUC (95% CI) 30-day mortality AUC (95% CI)

PSI score > 3 0.730 (0.686–0.776) 0.738 (0.708–0.769)
PSI score > 3 + lymphocytes < 500/μL 0.793 (0.733–0.854) 0.790 (0.750–0.832)
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a complicated clinical course warranting strict monitoring 
during their hospital stay.

In conclusion, early performance of pneumococcal 
urinary antigen and lymphocyte count in immunocompe-
tent patients with CAP could help to stratify severity on 
emergency department arrival and could help to adjust the 
clinical management of this condition appropriately during 
hospitalization. Identifying a predefined cutoff value for 
lymphopenia with prognostic implications is important to 
underline the clinical applicability of this biomarker.
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