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Abstract

Background

Patients with renal impairment have altered immunity, which might cause vulnerability to
specific pathogens and worsen pneumonia-related outcomes. Nonetheless, the microbio-
logical features of pneumonia in patients with decreased renal function remain unknown.

Methods

Therefore, we conducted a retrospective cohort study enrolling adult patients hospitalized
with pneumonia to assess this knowledge gap. The baseline estimated glomerular filtration
rate (eGFR) and first sputum microbiology during hospitalization were used for statistical
analyses.

Results

Overall, 1554 patients hospitalized with pneumonia (mean age, 76.1 £ 16.7) were included,
and 162 patients had died at the end of hospitalization. The cutoff eGFR value predicting
mortality was <55 mL/min/1.73 m?, which defined decreased renal function in this study.
Patients with decreased renal function demonstrated a significantly higher risk of fungi and
Staphylococcus aureus (S. aureus) infection. On the other hand, this group of patients
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showed significantly higher neutrophil-to-lymphocyte ratio (NLR), which associated with
higher mortality. Additionally, patients with S. aureus had a significantly lower eGFR, lym-
phocyte count and a higher NLR.

Conclusions

These findings suggested the altered immunity and vulnerability to S. aureus infection in
patients with decreased renal function, which may be the underlying cause of worse out-
comes of pneumonia in this group of patients.

Introduction

Pneumonia is a major cause of death worldwide [1-2]. Based on the report of the Global Bur-
den of Disease Study, lower respiratory tract infection was the second leading cause of death in
2013, accounting for 3.85% of total deaths [3]. With a global incidence of 1.5-14 per 1000 per-
son-years [4-6], pneumonia-related costs are also a serious burden to healthcare [7-9]. As
such, the treatment of pneumonia remains a major issue. In patients with chronic kidney dis-
ease (CKD), pneumonia is a significant cause of infection-related hospitalization [10-12]. Sev-
eral studies have demonstrated an increased risk of pneumonia-related hospitalization and
mortality in patients with CKD [13-15]. Moreover, in patients hospitalized with pneumonia,
acute kidney injury (AKI) is associated with adverse outcomes [16-17]. These findings indicate
the association between decreased renal function and adverse outcomes for pneumonia.

The microbiological aspects of disease are an essential part of the treatment of pneumonia
[18-19]. Generally, Streptococcus pneumoniae is the most common pathogen that causes this
disease, contributing to 12-68% and 10-15% of cases in Europe [20] and the United States
[21-23], respectively. Other common pathogens include Haemophilus influenzae, Staphylococ-
cus aureus, Moraxella catarrhalis, and Pseudomonas aeruginosa [24-26]. However, for patients
with decreased renal function, the microbiologic characteristics of pneumonia remain
unknown. Disclosing such microbiologic characteristics might yield improved outcomes for
pneumonia patients with renal impairment.

Previous studies indicated worse pneumonia-related outcomes in patients with decreased
renal function, which might be explained by suboptimal immunity in this population. Indeed,
altered immunity was demonstrated in patients with end-stage renal disease (ESRD) [27-28].
However, the association between altered immunity and outcomes of infection in patients
with decreased renal function had not been defined. Hence, the investigation of immune cell
profiles might represent a strategy to reveal the association between suboptimal immunity and
outcome for patients with pneumonia and decreased renal function.

As such, disclosing the microbiological features and immune cell profiles might be helpful
to improve our understanding and the outcome of pneumonia patients with decreased renal
function. To that end, we conducted a retrospective study of patients who were hospitalized
for pneumonia.

Materials and methods
Study design and subjects

In the present study, adult patients hospitalized with pneumonia at Wan Fang Hospital, Taipei
Medical University between January 2013 and December 2015 were included. All patients
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were admitted to the emergency department with pneumonia and were hospitalized. The pri-
mary discharge diagnosis was community-acquired or healthcare-associated pneumonia.
Patients < 20 years of age were excluded. This study was approved by the ethics committee
and Institutional Review Board of Taipei Medical University (N201805061) and the informed
consent was waived. The present study was also conducted in accordance with the tenets of the
1975 Declaration of Helsinki, as revised in 2000.

Definition of covariates and outcomes

The presence of CKD was defined as an estimated glomerular filtration rate (¢GFR) less than
60 mL/min/1.73m? for more than 3 months before the indexed hospitalization. AKI was
defined by increase in serum creatinine by > 0.3 mg/dL within 48 hours or increase in serum
creatinine to > 1.5 times baseline within the prior 7 days, based on KDIGO Clinical Practice
Guideline for Acute Kidney Injury suggested in 2012 [29]. For a patient lacking past serum
creatinine values, CKD and AKI were defined according to the discharge diagnosis. Patients
with ESRD were included in the present study and were defined as initiation of maintenance
dialysis before the indexed hospitalization by reviewing medical records. Diabetes mellitus
(DM), congestive heart failure (CHF), and chronic obstructive pulmonary disease (COPD)
were defined according to the discharge diagnoses. The baseline laboratory data obtained at
the emergency department were used for statistical analyses. In the present study, eGFR was
calculated by the equation suggested by the Chronic Kidney Disease Epidemiology Collabora-
tion in 2009 [30]. Of note, for patients with ESRD, the eGFR was uniformly regarded as 5 mL/
min/m? for statistical analyses for two reasons. First, eGFR calculated from serum creatinine
levels might be disturbed by hemodialysis sessions before the visit to the emergency depart-
ment, confounding the statistical analyses. Second, eGFR < 5 mL/min/m? is the criteria for
the initiation of maintenance dialysis, as defined by the National Institute Insurance of
Taiwan.

For analysis of immune cell profiles, absolute cell counts expressed in cell/mm?® [31], along
with the neutrophil-to-lymphocyte ratio (NLR) and the monocyte-to-lymphocyte ratio (MLR)
were used. For microbiological analyses, the pathogen was defined as the bacteria cultured
from the first sputum specimen upon the indexed hospitalization. Patients without available
microbiology reports were excluded from these analyses. The outcome of the present study
was in-hospital mortality defined as death at the end of the indexed hospitalization.

Statistical analysis

Continuous variables with normal distribution were presented as a mean * standard deviation,
and continuous variables deviated from a normal distribution were presented as the median
(25th and 75th percentiles). Categorical variables were presented as frequency and percentage.
Statistical analyses of continuous variables were conducted using a two-tailed t-test for
unpaired samples or a non-parametric method, as appropriate, depending on the distribution
of the data. For statistical analyses of categorical variables, the chi-square test was used. In
cases of multiple comparisons, Bonferroni correction was used. A receiver operating charac-
teristics (ROC) curve with Youden criteria was used to determine the optimal eGFR cutoff
value to predict mortality. The associations between predictors and outcomes were tested by
multivariate logistic regression models. The significance of the association was expressed as
the odds ratio with the 95% confidence interval. Statistical analysis was performed using SAS
9.4 (SAS Institute Inc, Cary, NC, USA)
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Results
Demographic and laboratory characteristics of patients with pneumonia

The present study included 1554 patients hospitalized with pneumonia, of whom 63.5% were
males, and the mean age was 76.1£16.7 years. Overall, 79 (5.1%) patients had ESRD and 162
(10.4%) were deceased at the end of hospitalization. The mortality group had a significantly
older age, as well as more patients with CKD, AKI, acute-on-chronic kidney injury and ESRD.
Notably, the patients with DM, CHF, and COPD were not significantly different between the
survival group and the mortality group. Biochemistry panels revealed significantly higher
serum blood urea nitrite, creatinine, aspartate aminotransferase (AST), and alanine amino-
transferase (ALT) and significantly lower serum albumin in the mortality group. In addition,
the mortality group exhibited significantly higher white blood cell (WBC) counts, lower lym-
phocyte counts, and higher NLR and MLR values. The neutrophil, monocyte, and platelet
counts were similar between the two groups. The mortality group was also associated with an
increased number of bacteremia, ventilator use, ICU admission events, longer hospital dura-
tions, as well as higher SMART-COP and CURB65 scores (Table 1).

Based on the above findings, the potential risk factors for mortality were tested by logistic
regression. The predictors with p-values < 0.2 based on univariate logistic regression, includ-
ing age, DM, hemoglobin, neutrophil count, NLR, MLR, serum AST, ALT, and albumin levels,
were included in multivariate analyses. Based on the multivariate logistic regression model,
only eGFR and serum albumin levels remained significantly associated with mortality, indicat-
ing the important effect of eGFR on pneumonia patient outcome (Fig 1).

Microbiological analysis of sputum samples from pneumonia patients and
relationship with renal function

As eGFR was shown to be significantly associated with mortality for patients hospitalized with
pneumonia, an ROC curve with Youden criteria was used to determine the optimal eGFR cut-
off value to predict this event. The ROC curve had an area under the curve of 0.66, and the
Youden criteria showed that eGFR of 55 mL/min/1.73 m* was the optimal cut-off value to pre-
dict mortality.

To investigate the relationship between renal function and pneumonia-related mortality,
microbiological analyses of sputum from patients with eGFR > 55 and <55 mL/min/1.73m>
was performed. Notably, only 1371 patients with available microbiology reports were included.
Overall, the microbial profiles from the sputum samples of the two groups were significantly
different (P < 0.001 based on a chi-square test). The events of gram-negative bacillus (GNB)
and gram-positive coccus (GPC) were not significantly different between the two groups (sig-
nificance defined by Bonferroni correction as p < 0.006 and < 0.017 for each specific pathogen
of GNB and GPC, respectively). The group with eGFR < 55 mL/min/1.73 m® had a signifi-
cantly increased incidence of fungi and a decreased incidence of mixed anaerobics in their
sputum. Pathogen-specific analysis showed that the group with eGFR < 55 mL/min/1.73 m’
had a significantly lower incidence of Pseudomonas aeruginosa (Ps. aeruginosa), but a signifi-
cantly increased incidence Escherichia coli, Klebsiella pneumoniae and S. aureus (Table 2).

Logistic regression was used to confirm the association between eGFR and microbiologic
characteristics. Multivariate (adjusted by age and gender) logistic regression analyses showed
that patients with eGFR < 55 mL/min/1.73 m” were at a significantly higher risk of fungi and a
lower risk of mixed anaerobics. Pathogen-specific analysis showed that patients with
eGFR < 55 mL/min/1.73m” were at a significantly lower risk of P. aeruginosa and a signifi-
cantly higher risk of S. aureus (Fig 2).
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Table 1. Demographic and laboratory characteristics of patients hospitalized with pneumonia.

Characteristics Total Survival Mortality p value
n = 1554 n=1392 n=162

Male 987 (63.5%) 877 (63.0%) 110 (67.9%) 0.220
Age (years) 76.1 + 16.7 753+ 17.0 83.1x+11.2 < 0.001
CKD 441 (28.4%) 376 (27.0%) 65 (40.1%) <0.001
AKI 298 (19.2%) 242 (17.4%) 56 (34.6%) < 0.001
ACKI 114 (7.3%) 91 (6.5%) 23 (14.2%) <0.001
ESRD 79 (5.1%) 65 (4.7%) 14 (8.7%) 0.028
DM 110 (7.1%) 104 (7.5%) 6 (3.7%) 0.077
CHF 111 (7.1%) 96 (6.9%) 15 (9.3%) 0.269
COPD 102 (6.6%) 93 (6.7%) 9 (5.6%) 0.584
BUN (mg/dL) 20 (13, 32) 19 (13,29) 37 (22,61) < 0.001%
Creatinine (mg/dL) 0.9(0.7,1.4) 0.9(0.7, 1.3) 1.3(0.8,2.3) < 0.001%
eGFR (mL/min/1.73 m?) 77.1 (48.6, 93.6) 78.5 (52.8, 94.5) 53.0 (26.7, 81.9) < 0.001%
AST (U/L) 25 (19, 35) 24 (19, 33) 33(22,51) < 0.001%
ALT (U/L) 19 (13, 29) 18 (13, 28) 23 (14, 43) < 0.001%
Albumin (g/dL) 2.9(2.5,3.3) 3.0(2.6, 3.4) 2.5(2.2,2.9) < 0.001%
Hemoglobin (g/dL) 11.8+2.2 11.9+2.1 10.6+2.5 < 0.001
WBC (10°/mm”) 12.7 6.2 12.6 £ 6.0 13.9+8.1 0.035
Neutrophil (Cell/mm3) 9375 (6315, 13022) 9297 (6306, 12927) 9909 (6585, 14425) 0.132%
Lymphocyte (cell/mm?) 1080 (642, 1618) 1100 (669, 1638) 836 (458, 1443) < 0.001%
Monocyte (cell/mm?) 679 (424, 1013) 685 (433, 1010) 629 (377, 1067) 0.390%
NLR 8.5(4.9,15.4) 8.4 (4.9,14.8) 10.6 (5.2, 24.9) <0.004%
MLR 0.6 (0.4, 1.0) 0.6 (0.4, 1.0) 0.7 (0.4, 1.3) 0.026%
Platelet (10*/mm?) 211 (160, 277) 209 (161, 278.5) 226 (134, 276) 0.607%
Bacteremia 91 (5.9%) 72 (5.2%) 19 (11.7%) < 0.001
Ventilator use 271 (17.4%) 190 (13.7%) 81 (50.0%) < 0.001
ICU admission 238 (15.3%) 182 (13.1%) 56 (34.6%) < 0.001
Hospital days (days) 11 (7, 18) 10 (7, 17) 15 (6, 30) < 0.002%
SMART-COP score 3(2,4) 2(2,3) 4(3,6) <0.001%
CURBG65 score 2(1,2) 2(1,2) 2(2,3) <0.001%

#by Exact Wilcoxon two-sample test.

CKD, chronic kidney disease; AKI, acute kidney injury; ACKI, acute-on-chronic kidney injury; DM, diabetes mellitus; CHF, congestive heart failure; COPD, chronic

obstructive pulmonary disease; ICU, intensive care unit; BUN, blood urea nitrite; eGFR, estimated glomerular filtration rate; WBC, white blood cell count; NLR,

neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase. Continuous variables with

normal distribution were expressed as mean + standard deviation, while those deviated from normal distribution were expressed as medium (1*

quartile).

https:/doi.org/10.1371/journal.pone.0216367.t001

The above findings indicated that patients with decreased renal function were at increased
risk of S. aureus and fungi in the sputum, which might underlie the association between

decreased renal function and pneumonia-related mortality.

Immune cell profiles and outcome of pneumonia patients with and without

decreased eGFR

The group with eGFR < 55 mL/min/1.73 m” had significantly lower platelet, basophil, eosino-
phil, and lymphocyte counts, as well as significantly higher NLR and MLR. Otherwise, WBC,

neutrophil, and monocyte counts were similar between the two groups (Table 3).
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Fig 1. Risk factors for in-hospital mortality in patients with pneumonia. Odds ratio for mortality was calculated by multivariate logistic regression. DM, diabetes

mellitus; eGFR, estimated glomerular filtration rate; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; AST, aspartate aminotransferase; ALT,
alanine aminotransferase, CI, confidence interval.

https://doi.org/10.1371/journal.pone.0216367.9001

As features of immune cell profiles differ between renal function groups, logistic regression
was used to confirm the association between immune cell profiles and mortality in patients of
each renal function group. In patients with eGFR > 55 mL/min/1.73 m?, only higher platelet
counts were significantly associated with mortality (Fig 3A). In contrast, in patients with
eGFR < 55 mL/min/1.73 m? both higher WBC counts, neutrophil counts and NLR were sig-
nificantly associated with higher pneumonia-related mortality (Fig 3B). The above findings
identified different immune cell profiles and their association with pneumonia outcome in
patients with and without decreased renal function.

Characteristics and outcomes of patients with S. aureus infection

Patients with S. aureus infection were significantly older with a higher percentage of CKD and
acute-on-chronic kidney injury. In addition, significantly higher blood urea nitrite, lower
eGFR, lower serum albumin, lower lymphocyte counts, and higher NLR were identified in
patients with S. aureus infection. Patients with S. aureus infection were also associated with
increased ventilator use and ICU admissions, a longer period of hospitalization, higher mortal-
ity, and higher CURB65 score. Notably, the SMART-COP score, a pneumonia severity score
without consideration of renal function, was similar between patients with or without S. aureus
infection, implying the association between renal impairment and susceptibility to S. aureus
infection. (Table 4). Of the isolated S. aureus, 60% were methicillin resistant S. aureus (MRSA),
most of which (96.8%) were not sensitive to empirical treatment. However, patients with
MRSA did not have more mortality or other adverse outcomes (Table 5). These findings
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Table 2. Sputum microbiological analysis of patients hospitalized with pneumonia categorized by eGFR.

Characteristics

GNB
Ps. aeruginosa
KI. pneumoniae
Acinetobacter spp.
Escherichia coli
Proteus spp.
Haemophilus spp.
Serratia spp.
Stenotrophomonas spp.
GPC
S. aureus
Strep. pneumoniae
Strep. Spp.
Mixed anaerobic
Fungi
No growth

$by Fisher’s Exact test.

Total eGFR255 eGFR<55 p value
(n=1371) (n =963) (n = 408)
207 (15.1%) 163 (17.0%) 44 (10.8%) 0.004
185 (13.5%) 115 (11.9%) 70 (17.2%) 0.010
67 (4.9%) 45 (4.7%) 22 (5.4%) 0.572
62 (4.5%) 36 (3.7%) 26 (6.4%) 0.032
45 (3.3%) 37 (3.8%) 8 (2.0%) 0.074
40 (2.9%) 33 (3.4%) 7 (1.7%) 0.085
23 (1.7%) 19 (2.0%) 4(1.0%) 0.191
22 (1.6%) 18 (1.9%) 4 (1.0%) 0.231
105 (7.7%) 62 (6.4%) 43 (10.5%) 0.009
11 (0.8%) 7 (0.7%) 4 (1.0%) 0.741%
43 (3.1%) 31(3.2%) 12 (2.9%) 0.787
140 (10.2%) 111 (11.5%) 29 (7.1%) 0.014
39 (2.8%) 21 (2.2%) 18 (4.4%) 0.023
579 (42.2%) 408 (42.4%) 171 (41.9%) 0.876

eGFR, estimated glomerular filtration rate; GNB, gram-negative bacillus; Ps. aeruginosa, Pseudomonas aeruginosa; Kl. pneumoniae, Klebsiella pneumoniae; GPC, gram-

positive coccus; S. aureus, Staphylococcus aureus; Strep., Streptococcus; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte

ratio.

https://doi.org/10.1371/journal.pone.0216367.t002

indicated that in patients with pneumonia, S. aureus is associated with decreased renal func-
tion and its characteristic immune cell profile, specifically elevated NLR, which might be the
cause of worse pneumonia-related outcomes in patients with decreased renal function.

Discussion

The main findings of the present study included a higher risk of S. aureus infection, and higher
NLR in pneumonia patients with eGFR < 55 mL/min/1.73 m”. Furthermore, in pneumonia
patients with S. aureus infection, lower eGFR, lymphocyte counts, and higher NLR were
observed. It is plausible that decreased eGFR is associated with higher pneumonia-related
mortality through disturbed immunity and vulnerability to S. aureus infection. Notably, in
clinical practice, fungi in sputum microbiological samples are more often interpreted as colo-
nization. Therefore, our analysis focused on S. aureus.

We preliminarily revealed higher risk of S. aureus infection in pneumonia patients with
decreased renal function. Previously, a prospective observational study in Spain showed that
Streptococcus pneumoniae was the most frequent cause of pneumonia in patients with CKD.
Additionally, the overall etiology of pneumonia and the occurrence of S. aureus in patients
with CKD were similar to those in individuals without CKD [32]. A possible explanation for
the discrepancy between this previous study and the present study might be that vaccination
for pneumococci has been universally provided to elderly (> 75 years of age) since 2007 and
newborns since the beginning of 2015 in Taiwan. In 2005, two small-scale studies showed that
S. pneumoniae was the most frequent causative pathogen of pneumonia in Taiwan, contribut-
ing to 24-26% of cases [33-34]. It is thus reasonable that pneumococci vaccination has caused
a decline in the incidence of S. pneumoniae infection in Taiwan.
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Fig 2. Risk of isolation of specific pathogens in patients with eGFR of < 55.3 mL/min/1.73 m”. Odds ratios for specific pathogens were calculated using a
multivariate logistic regression model adjusted by age and gender. CI, confidence interval; eGFR, estimated glomerular filtration rate; Ps. aeruginosa, Pseudomonas

aeruginosa; KI. pneumoniae, Klebsiella pneumoniae; S. aureus, Staphylococcus aureus; Strep., Streptococcus.

https://doi.org/10.1371/journal.pone.0216367.9002

The present single-center study in Taiwan revealed microbiologic features of pneumonia
that deviate from most published reports [35], showing increased significance of gram-nega-
tive bacilli and S. aureus and a decreased role for S. pneumoniae. To date, a nationwide analysis

Table 3. The immune cell profiles of patients hospitalized with pneumonia categorized by eGFR.

Immune cells Total eGFR > 55 eGFR < 55 p value
(n=1371) (n=963) (n=408)

WBC (10°/mm”) 128 +6.4 12.6 6.1 13.1+7.0 0.215
Platelet (103/mm3) 213 (161, 279) 221 (171, 290) 193.5 (150, 251) <0.001#%
Neutrophil (cell/mm?>) 9418 (6315, 13422) 9287 (6270, 12935) 9568 (6413, 13984) 0.139
Eosinophil (cell/mm?) 32.6 (0, 130.1) 3.8 (0, 143.3) 21.3 (0, 96.1) 0.001¥
Basophil (cell/mm?>) 22 (0, 48) 24 (0, 52) 16 (0, 42) <0.001#%
Lymphocyte (cell/mm?) 1080 (642, 1623) 1114 (685, 1689) 944 (545, 1425) <0.001F
Monocyte (cell/mm?>) 675 (426, 1013) 676 (438, 1015) 675 (394, 1012) 0.438%
NLR 8.6 (4.9, 15.3) 8.2 (4.7,14.3) 9.9 (5.3,18.2) <0.001F
MLR 0.6 (0.4, 1.0) 0.6 (0.4, 1.0) 0.7 (0.4,1.2) 0.001#

#by Exact Wilcoxon two-sample test.

eGFR, estimated glomerular filtration rate; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio. Continuous variables

with normal distribution were expressed as mean + standard deviation, while those deviated from normal distribution were expressed as medium (1%, 3¢ quartile).

https://doi.org/10.1371/journal.pone.0216367.t003
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Charactaristics P value Charactaristics p value
WBC e 0.492 WBC —— 0.006
(per 1000 increment) (per 5000 increment)
Neutrophil H 0.997 Neutrophil — e 0.004
(per 1000 increment) : (per 5000 increment)
Lymphocyte e 0.289 Lymphocyte | > I 0.225
(per 1000 increment) (per 5000 increment)
Monocyte }-—‘—1 0.289 Monocyte < 0.560
(per 1000 increment) (per 1000 increment)
NLR A 0.225 NLR i * 0.013
(per 10 increment) (per 20 increment) )
MLR HEA 0487 MLR N S S— 0.087
(per 5 increment) (per 1 increment)
Platelet —o— 0.038 Platelet }.—0—{ 0.405
(per 100,000 increment) (per 100,000 increment) :
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Odds ratio for mortality

Odds ratio for mortality

Fig 3. The association between immune cell profiles and mortality in patients hospitalized with pneumonia. A. The odds ratios for mortality in patients with
eGFR > 55 mL/min/1.73 m”. B. The odds ratios for mortality in patients with eGFR < 55 mL/min/1.73 m>. WBC, white blood cell; NLR, neutrophil-to-lymphocyte

ratio; MLR, monocyte-to-lymphocyte ratio.
https://doi.org/10.1371/journal.pone.0216367.9003

of the pathogenic etiologies of pneumonia in Taiwan has not been performed; thus, we were
unable to compare with national microbiological data between these studies. One possible
explanation for the microbiology results might be that the study site was located in a commu-
nity comprising an aged population and numerous healthcare facilities, which leads to a higher
frequency of healthcare-associated pneumonia and deviated microbiological results. Indeed,
the resistance to methicillin is highly prevalent in S. aureus in the present study.

In this study, we preliminarily revealed NLR as a marker of mortality in pneumonia
patients with decreased renal function. Recently, NLR has been evaluated as a predictor of out-
come for various infectious diseases, which, however, provided inconsistent results [36-37]. In
a study enrolling 395 patients with community-acquired pneumonia, NLR was acceptable for
predicting mortality with an area under the ROC curve of 0.701 [38]. In our study, overall, the
association between NLR and mortality was insignificant. Nonetheless, based on subgroup
analysis of patients with eGFR < 55 mL/min/1.73 m? NLR was significantly associated with
mortality of pneumonia, which remained insignificant in the group with eGFR > 55 mL/min/
1.73 m? This indicated a potential connection between elevated NLR, decreased renal func-
tion, and mortality of pneumonia. However, the underlying disturbance of immunity in
patients with decreased renal function remains to be investigated.

The other preliminary finding of this study was that pneumonia patients with S. aureus
infection exhibited significantly higher NLR than those without, implying an association
between higher NLR and S. aureus infection. In support to our finding, a study enrolling 121
patients with infective endocarditis, of which Staphylococcus was the most frequent pathogen
(33%), NLR > 7.1 predicted adverse outcomes [38]. Nonetheless, solid evidence suggesting a
causative relationship between NLR and susceptibility to S. aureus infection has not been
presented.

The limitations of the present study, as previously stated, included the single center design,
such that the microbiology results might have been affected by regional epidemics. Another
limitation is the retrospective design and inability to control potential some confounding fac-
tors, including prior antibiotic use. In addition, in this study, community-acquired pneumonia
and healthcare-associated pneumonia were not considered separately, which might also affect
the results. In this study, we used the results of sputum cultures for microbiology analysis,
which are usually considered as likely cause of pneumonia. However, since bronchoscopy is
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Table 4. Characteristics and outcomes associated with S. aureus in sputum.

Characteristics Without S. aureus With S. aureus p value
(n=1266) (n=105)

Age (year) 76.0 £ 16.7 79.7 £ 14.8 0.029
Male 808 (63.8%) 71 (67.6%) 0.436
CKD 351 (27.7%) 43 (41.0%) 0.004
AKI 230 (18.2%) 22 (21.0%) 0.479
ACKI 80 (6.3%) 13 (12.4%) 0.018
DM 85 (6.7%) 7 (6.7%) 0.985
CHF 92 (7.3%) 3 (2.7%) 0.087
COPD 94 (7.4%) 5(4.8%) 0.311
Hemoglobin (g/dL) 11.8 £2.2 11.6 £2.2 0.234
BUN (mg/dL) 20 (13, 31) 27 (16, 46) < 0.001%
Creatinine (mg/dL) 0.9 (0.7, 1.3) 1.0 (0.7, 1.6) 0.105%
eGFR (rnL/min/mz) 78.2 (50.7, 93.9) 69.2 (40.5, 86.3) 0.020%
AST (U/L) 25 (19, 35) 25 (19, 37) 0.294%
ALT (U/L) 18 (12,29) 21.5(13, 33) 0.076%
Albumin (g/dL) 2.9(2.5,3.3) 2.7 (2.5,2.9) < 0.003%
WBC (10*/mm?) 12.7 6.2 13.6+7.7 0.221
Neutrophil (cell/mm?) 9360 (6310, 13163) 9809 (6488, 15059) 0.159%
Lymphocyte (cell/mm?) 1094 (652, 1644) 810 (500, 1339) 0.004%
Monocyte (cell/mm?) 685 (437, 1014) 592 (330, 963) 0.074%
NLR 8.4 (4.8,15.0) 10.5 (6.9, 21.2) 0.002%
MLR 0.6 (0.4, 1.0) 0.7 (0.4, 1.2) 0.251%
Bacteremia 68 (5.4%) 8 (7.6%) 0.333
Ventilator use 229 (18.1%) 28 (26.7%) 0.030
ICU admission 198 (15.6%) 29 (27.6%) 0.002
Hospital days (day) 11 (7, 18) 14 (10, 25) < 0.010%
Mortality 128 (10.1%) 19 (18.1%) 0.011
SMART-COP 3(2,4) 3(2,4) 0.255
CURB65 2(1,2) 2(1,3) <0.001

#by Exact Wilcoxon two-sample test.

S. aureus, Staphylococcus aureus; CKD, chronic kidney disease; AKI, acute kidney injury; ACKI, acute-on-chronic kidney injury; DM, diabetes mellitus; CHF, congestive

heart failure; COPD, chronic obstructive pulmonary disease; BUN, blood urea nitrite; eGFR, estimated glomerular filtration rate; WBC, white blood count; NLR,

neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ICU, intensive care unit.

Continuous variables with normal distribution were expressed as mean + standard deviation, while those deviated from normal distribution were expressed as medium

(1%, 3 quartile).

https://doi.org/10.1371/journal.pone.0216367.t1004

not routinely performed in patients with pneumonia, the more reliable bronchial aspirate cul-
ture could not be discussed extensively in the present study. Finally, there was only a small
number of ESRD patients in the present study that a separated analysis for pathogen in this
group of patients is not feasible. The strength of the present study included the relatively large
number of cases and the complete microbiology data. Notably, despite the significant role of S.
aureus in pneumonia patients with decreased eGFR, gram-negative bacilli (P. aeruginosa and
K. pneumoniae) also contributed significantly to pneumonia in this population.

Conclusions

This study showed a significantly higher risk of S. aureus in pneumonia patients with
decreased renal function, which might cause higher pneumonia-related mortality in this
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Table 5. Resistance to methicillin of S. aureus and the outcomes of pneumonia patients.

Character MSSA MRSA P value
Number 42 (40.0%) 63 (60.0%) n/a
Age (year) 79.8+15.3 79.7£14.5 0.96
Male 23 (54.8%) 48 (76.2%) 0.02
CKD 15 (35.7%) 28 (44.4%) 0.37
AKI 7 (16.7%) 15 (23.8%) 0.38
eGFR (mL/min/l.73m2) 78.5 (50.1, 86.6) 62.1 (26.8, 85.3) 0.22
Empirical treatment n/a
Piperacillin/tazobactam 14 (33.3%) 28 (44.4%)
Amoxicillin/clavulanate 10 (23.8%) 6 (9.6%)
2nd cephalosporines 0 (0%) 1(1.6%)
3rd cephalosporines 5(11.9%) 8 (12.7%)
4th cephalosporines 1(2.4%) 0 (0%)
Quinolones 9 (21.4%) 9 (14.3%)
Carbapenems 3(7.1%) 11 (17.5%)
Teioplanin 1(2.4%) 1(1.6%)
Inappropriate empirical treatment 2 (4.8%) 61 (96.8%) <0.01
Hospital days (day) 13.5 (10, 24) 15 (10, 26) 0.91
ICU admission 10 (23.8%) 19 (30.2%) 0.48
Ventilator 13 (31.0%) 15 (23.8%) 0.42
Mortality 10 (23.8%) 9 (14.3%) 0.21

S. aureus, Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant
Staphylococcus aureus; CKD, chronic kidney disease; AKI, acute kidney injury; eGFR, estimated glomerular filtration
rate; ICU, intensive care unit. Continuous variables with normal distribution were expressed as mean + standard

deviation, while those deviated from normal distribution were expressed as medium (1%, 3¢ quartile).

https://doi.org/10.1371/journal.pone.0216367.t005

population. Moreover, both in patients with decreased renal function and in patients with S.
aureus, higher NLR was detected, implying an association between higher NLR and suscepti-
bility to S. aureus infection. However, the causative relationship remains to be defined.

Acknowledgments

The present work was inspired by Dr. Shau-Ku Huang, the Distinguished Investigator with the
Division of Environmental Health and Occupational Medicine.

Author Contributions
Conceptualization: Chun-you Chen, Shih-chang Hsu, Chi-won Suk, Chung-te Liu.

Data curation: Chun-you Chen, Shih-chang Hsu, Hui-ling Hsieh, Chi-won Suk, Chung-te
Liu.

Formal analysis: Shih-chang Hsu, Chung-te Liu.
Methodology: Chung-te Liu.
Project administration: Chung-te Liu.

Supervision: Yuan-pin Hsu, Yuh-mou Sue, Tso-Hsiao Chen, Feng-yen Lin, Chun-ming Shih,
Jaw-wen Chen, Shing-jong Lin, Po-hsun Huang, Chung-te Liu.

Writing - original draft: Chung-te Liu.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216367 May 9, 2019 11/14


https://doi.org/10.1371/journal.pone.0216367.t005
https://doi.org/10.1371/journal.pone.0216367

@ PLOS|ONE

Pathogen of pneumonia and renal function

Writing - review & editing: Chung-te Liu.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Xu J, Murphy SL, Kochanek KD, Arias E. Mortality in the United States, 2015. NCHS Data Brief. 2016;
267: 1-8. PMID: 27930283

Eurostats. Causes of death statistics. Available at: https://ec.europa.eu/eurostat/statistics-explained/
index.php/Causes_of_death_statistics. Accessed 24 July 2017.

GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national age-sex specific
all-cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic analysis for
the Global Burden of Disease Study 2013. Lancet. 2015; 385: 117—171. https://doi.org/10.1016/S0140-
6736(14)61682-2 PMID: 25530442

Millett ERC, Quint JK, Smeeth L, Daniel RM, Thomas SL. Incidence of community-acquired lower respi-
ratory tract infections and pneumonia among older adults in the United Kingdom: A population-based
study. PLoS One. 2013; 8: €75131. https://doi.org/10.1371/journal.pone.0075131 PMID: 24040394

Ochoa-Gondar O, Vila-Cércoles A, de Diego C, Arija V, Maxenchs M, Grive M, et al., EVAN-65 Study
Group. The burden of community-acquired pneumonia in the elderly: The Spanish EVAN-65 Study.
BMC Public Health. 2008; 8. https://doi.org/10.1186/1471-2458-8-222 PMID: 18582392

File TM, Marrie TJ. Burden of community-acquired pneumonia in North American adults. Postgrad
Med. 2010; 122: 130—141. https://doi.org/10.3810/pgm.2010.03.2130 PMID: 20203464

Welte T, Torres A, Nathwani D. Clinical and economic burden of community-acquired pneumonia
among adults in Europe. Thorax. 2012; 67: 71-79. https://doi.org/10.1136/thx.2009.129502 PMID:
20729232

Goss CH, Rubenfeld GD, Park DR, Sherbin VL, Goodman MS, Root RK. Cost and incidence of social
comorbidities in low-risk patients with community-acquired pneumonia admitted to a public hospital.
Chest. 2003; 124: 2148-2155. PMID: 14665494

Niederman MS. Community-acquired pneumonia: the U.S. perspective. Semin Respir Crit Care Med.
2009; 30: 179-188. https://doi.org/10.1055/s-0029-1202937 PMID: 19296418

Dalrymple LS, Katz R, Kestenbaum B, de Boer LH, Fried L, Sarnak M J, et al. The risk of infection-
related hospitalization with decreased kidney function. Am J Kidney Dis. 2012; 59: 356—363. https://doi.
org/10.1053/j.ajkd.2011.07.012 PMID: 21906862

Xu H, Gasparini A, Ishigami J, Mzayen K, Su G, Barany P, et al. eGFR and the risk of community-
acquired infections. Clin J Am Soc Nephrol. 2017; 12: 1399-1408. https://doi.org/10.2215/CJN.
00250117 PMID: 28818849

Naqvi SB, Collins AJ. Infectious complications in chronic kidney disease. Adv Chronic Kidney Dis.
2006; 13: 199-204. https://doi.org/10.1053/j.ackd.2006.04.004 PMID: 16815225

James MT, Quan H, Tonelli M, Manns BJ, Faris P, Laupland KB, et al., Alberta Kidney Disease Net-
work. CKD and risk of hospitalization and death with pneumonia. Am J Kidney Dis. 2009; 54: 24-32.
https://doi.org/10.1053/j.ajkd.2009.04.005 PMID: 19447535

McDonald HI, Thomas SL, Millett ERC, Nitsch D. CKD and the risk of acute, community-acquired infec-
tions among older people with diabetes mellitus: A retrospective cohort study using electronic health
records. Am J Kidney Dis. 2015; 66: 60—68. https://doi.org/10.1053/j.ajkd.2014.11.027 PMID:
25641062

McDonald Hl, Nitsch D, Millett ERC, Sinclair A, Thomas SL. Are pre-existing markers of chronic kidney
disease associated with short-term mortality following acute community-acquired pneumonia and sep-
sis? A cohort study among older people with diabetes using electronic health records. Nephrol Dial
Transplant. 2015; 30: 1002—1009. https://doi.org/10.1093/ndt/gfu401 PMID: 25605811

Akram AR, Singanayagam A, Choudhury G, Mandal P, Chalmers JD, Hill AT. Incidence and prognostic
implications of acute kidney injury on admission in patients with community-acquired pneumonia.
Chest. 2010; 138: 825-832. https://doi.org/10.1378/chest.09-3071 PMID: 20435657

Murugan R, Karajala-Subramanyam V, Lee M, Yende S, Kong L, Carter M, et al. Acute kidney injury in
non-severe pneumonia is associated with an increased immune response and lower survival. Kidney
Int. 2010; 77: 527—-735. https://doi.org/10.1038/ki.2009.502 PMID: 20032961

Mantero M, Tarsia P, Gramegna A, Henchi S, Vanoni N, Di Pasquale M. Antibiotic therapy, supportive
treatment and management of immunomodulation-inflammation response in community acquired pneu-
monia: Review of recommendations. Multidiscip Respir Med. 2017;12: https://doi.org/10.1186/s40248-
017-0094-3 PMID: 29034094

PLOS ONE | https://doi.org/10.1371/journal.pone.0216367 May 9, 2019 12/14


http://www.ncbi.nlm.nih.gov/pubmed/27930283
https://ec.europa.eu/eurostat/statistics-explained/index.php/Causes_of_death_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php/Causes_of_death_statistics
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
http://www.ncbi.nlm.nih.gov/pubmed/25530442
https://doi.org/10.1371/journal.pone.0075131
http://www.ncbi.nlm.nih.gov/pubmed/24040394
https://doi.org/10.1186/1471-2458-8-222
http://www.ncbi.nlm.nih.gov/pubmed/18582392
https://doi.org/10.3810/pgm.2010.03.2130
http://www.ncbi.nlm.nih.gov/pubmed/20203464
https://doi.org/10.1136/thx.2009.129502
http://www.ncbi.nlm.nih.gov/pubmed/20729232
http://www.ncbi.nlm.nih.gov/pubmed/14665494
https://doi.org/10.1055/s-0029-1202937
http://www.ncbi.nlm.nih.gov/pubmed/19296418
https://doi.org/10.1053/j.ajkd.2011.07.012
https://doi.org/10.1053/j.ajkd.2011.07.012
http://www.ncbi.nlm.nih.gov/pubmed/21906862
https://doi.org/10.2215/CJN.00250117
https://doi.org/10.2215/CJN.00250117
http://www.ncbi.nlm.nih.gov/pubmed/28818849
https://doi.org/10.1053/j.ackd.2006.04.004
http://www.ncbi.nlm.nih.gov/pubmed/16815225
https://doi.org/10.1053/j.ajkd.2009.04.005
http://www.ncbi.nlm.nih.gov/pubmed/19447535
https://doi.org/10.1053/j.ajkd.2014.11.027
http://www.ncbi.nlm.nih.gov/pubmed/25641062
https://doi.org/10.1093/ndt/gfu401
http://www.ncbi.nlm.nih.gov/pubmed/25605811
https://doi.org/10.1378/chest.09-3071
http://www.ncbi.nlm.nih.gov/pubmed/20435657
https://doi.org/10.1038/ki.2009.502
http://www.ncbi.nlm.nih.gov/pubmed/20032961
https://doi.org/10.1186/s40248-017-0094-3
https://doi.org/10.1186/s40248-017-0094-3
http://www.ncbi.nlm.nih.gov/pubmed/29034094
https://doi.org/10.1371/journal.pone.0216367

@ PLOS|ONE

Pathogen of pneumonia and renal function

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Postma DF, van Werkhoven CH, van Elden LJ, Thijsen SF, Hoepelman Al, Kluytmans JA, et al., CAP-
START Study Group. Antibiotic treatment strategies for community-acquired pneumonia in adults. N
Engl J Med. 2015; 372: 1312-1323. https://doi.org/10.1056/NEJMoa 1406330 PMID: 25830421

Said MA, Johnson HL, Nonyane BA, Deloria-Knoll M, O’Brien KL, AGEDD Adult Pneumococcal Burden
Study Team, et al. Estimating the burden of pneumococcal pneumonia among adults: A systematic
review and meta-analysis of diagnostic techniques. PLoS One 2013; 8(4): €60273. https://doi.org/10.
1371/journal.pone.0060273 PMID: 23565216

Restrepo MI, Mortensen EM, Velez JA, Frei C, Anzueto A. A comparative study of community-acquired
pneumonia patients admitted to the ward and the ICU. Chest. 2008; 133: 610-617. https://doi.org/10.
1378/chest.07-1456 PMID: 17989157

Sherwin RL, Gray S, Alexander R, McGovern PC, Graepel J, Pride MW, et al. Distribution of 13-valent
pneumococcal conjugate vaccine Streptococcus pneumoniae serotypes in US adults aged >50 years
with community-acquired pneumonia. J Infect Dis. 2013; 208: 1813-1820. https://doi.org/10.1093/
infdis/jit506 PMID: 24092845

Musher DM, Roig IL, Cazares G, Stager CE, Logan N, Safar H. Can an etiologic agent be identified in
adults who are hospitalized for community-acquired pneumonia: Results of a one-year study. J Infect.
2013; 67(1): 11-8. https://doi.org/10.1016/j.jinf.2013.03.003 PMID: 23523447

Musher DM, Thorner AR. Community-acquired pneumonia. N Engl J Med. 2015; 371: 1619-1628.
https://doi.org/10.1056/NEJMra1312885 PMID: 25337751

Prina E, Ranzani OT, Torres A. Community-acquired pneumonia. Lancet. 2015; 386: 1097—1108.
https://doi.org/10.1016/S0140-6736(15)60733-4 PMID: 26277247

Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, Dean NC, et al.; Infectious Diseases
Society of America; American Thoracic Society. Infectious Diseases Society of America/American Tho-
racic Society consensus guidelines on the management of community-acquired pneumonia in adults.
Clin Infect Dis. 2007; 44 Suppl 2: S27-S72. https://doi.org/10.1086/511159 PMID: 17278083

Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al. Aspects of immune dys-
function in end-stage renal disease. Clin J Am Soc Nephrol. 2008; 3: 1526—1533. https://doi.org/10.
2215/CJN.00950208 PMID: 18701615

Rossaint J, Oehmichen J, Van Aken H, Reuter S, Pavenstadt HJ, Meersch M, et al. FGF23 signaling
impairs neutrophil recruitment and host defense during CKD. J Clin Invest. 2016; 126: 962—974. https://
doi.org/10.1172/JCI183470 PMID: 26878171

Khwaja A. KDIGO clinical practice guideline for acute kidney injury. Nephron Clin Pract. 2012; 120:
C179-184. https://doi.org/10.1159/000339789 PMID: 22890468

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman Hl, et al.; CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration). A new equation to estimate glomerular filtration rate. Ann
Intern Med. 2009; 150: 604—-612. PMID: 19414839

Bermejo-Martin JF, Cilloniz C, Mendez R, Aimansa R, Gabarrus A, Ceccato A, et al; NEUMONAC
group. Lymphopenic Community Acquired Pneumonia (L-CAP), an Immunological Phenotype Associ-
ated with Higher Risk of Mortality. EBioMedicine. 2017; 24: 231-236. https://doi.org/10.1016/j.ebiom.
2017.09.023 PMID: 28958655

Viasus D, Garcia-Vidal C, Cruzado JM, Adamuz J, Verdaguer R, Manresa F, et al. Epidemiology, clini-
cal features and outcomes of pneumonia in patients with chronic kidney disease. Nephrol Dial Trans-
plant. 2011; 26: 2899-2906. https://doi.org/10.1093/ndt/gfq798 PMID: 21273232

Yen MY, HuBS, Chen YS, Lee SS, Lin YS, Wann SR, et al. A prospective etiologic study of community-
acquired pneumonia in Taiwan. J Formos Med Assoc. 2005; 104: 724—730. PMID: 16385374

Lauderdale TL, Chang FY, Ben RJ, Yin HC, Ni YH, Tsai JW, et al. Etiology of community acquired pneu-
monia among adult patients requiring hospitalization in Taiwan. Respir Med. 2005; 99: 1079-1986.
https://doi.org/10.1016/j.rmed.2005.02.026 PMID: 16085210

Cilloniz C, Martin-Loeches |, Garcia-Vidal C, Jose AS, Torres A. Microbial etiology of pneumonia: Epi-
demiology, diagnosis and resistance patterns. Int J Mol Sci. 2016; 17: pii: E2120. https://doi.org/10.
3390/ijms17122120 PMID: 27999274

de Jager CP, van Wijk PT, Mathoera RB, de Jongh-Leuvenink J, van der Poll T, Wever PC. Lymphocy-
topenia and neutrophil-lymphocyte count ratio predict bacteremia better than conventional infection
markers in an emergency care unit. Crit Care. 2010; 14: R192. https://doi.org/10.1186/cc9309 PMID:
21034463

de Jager CP, Wever PC, Gemen EF, Kusters R, van Gageldonk-Lafeber AB, van der Poll T, et al. The
neutrophil-lymphocyte count ratio in patients with community-acquired pneumonia. PLoS One. 2012; 7:
e46561. https://doi.org/10.1371/journal.pone.0046561 PMID: 23049706

PLOS ONE | https://doi.org/10.1371/journal.pone.0216367 May 9, 2019 13/14


https://doi.org/10.1056/NEJMoa1406330
http://www.ncbi.nlm.nih.gov/pubmed/25830421
https://doi.org/10.1371/journal.pone.0060273
https://doi.org/10.1371/journal.pone.0060273
http://www.ncbi.nlm.nih.gov/pubmed/23565216
https://doi.org/10.1378/chest.07-1456
https://doi.org/10.1378/chest.07-1456
http://www.ncbi.nlm.nih.gov/pubmed/17989157
https://doi.org/10.1093/infdis/jit506
https://doi.org/10.1093/infdis/jit506
http://www.ncbi.nlm.nih.gov/pubmed/24092845
https://doi.org/10.1016/j.jinf.2013.03.003
http://www.ncbi.nlm.nih.gov/pubmed/23523447
https://doi.org/10.1056/NEJMra1312885
http://www.ncbi.nlm.nih.gov/pubmed/25337751
https://doi.org/10.1016/S0140-6736(15)60733-4
http://www.ncbi.nlm.nih.gov/pubmed/26277247
https://doi.org/10.1086/511159
http://www.ncbi.nlm.nih.gov/pubmed/17278083
https://doi.org/10.2215/CJN.00950208
https://doi.org/10.2215/CJN.00950208
http://www.ncbi.nlm.nih.gov/pubmed/18701615
https://doi.org/10.1172/JCI83470
https://doi.org/10.1172/JCI83470
http://www.ncbi.nlm.nih.gov/pubmed/26878171
https://doi.org/10.1159/000339789
http://www.ncbi.nlm.nih.gov/pubmed/22890468
http://www.ncbi.nlm.nih.gov/pubmed/19414839
https://doi.org/10.1016/j.ebiom.2017.09.023
https://doi.org/10.1016/j.ebiom.2017.09.023
http://www.ncbi.nlm.nih.gov/pubmed/28958655
https://doi.org/10.1093/ndt/gfq798
http://www.ncbi.nlm.nih.gov/pubmed/21273232
http://www.ncbi.nlm.nih.gov/pubmed/16385374
https://doi.org/10.1016/j.rmed.2005.02.026
http://www.ncbi.nlm.nih.gov/pubmed/16085210
https://doi.org/10.3390/ijms17122120
https://doi.org/10.3390/ijms17122120
http://www.ncbi.nlm.nih.gov/pubmed/27999274
https://doi.org/10.1186/cc9309
http://www.ncbi.nlm.nih.gov/pubmed/21034463
https://doi.org/10.1371/journal.pone.0046561
http://www.ncbi.nlm.nih.gov/pubmed/23049706
https://doi.org/10.1371/journal.pone.0216367

@ PLOS | O N E Pathogen of pneumonia and renal function

38. Turak O, OzcanF, Isleyen A, Basar FN, Giil M, Yilmaz S, et al. Usefulness of neutrophil-to-lymphocyte
ratio to predict in-hospital outcomes in infective endocarditis. Can J Cardiol. 2013; 29: 1672-1678.
https://doi.org/10.1016/j.cjca.2013.05.005 PMID: 23916736

PLOS ONE | https://doi.org/10.1371/journal.pone.0216367 May 9, 2019 14/14


https://doi.org/10.1016/j.cjca.2013.05.005
http://www.ncbi.nlm.nih.gov/pubmed/23916736
https://doi.org/10.1371/journal.pone.0216367

