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Abstract
The aim of the study is to explore whether monocyte–to-lymphocyte ratio (MLR) provides predictive value of the severity in patients
with Klebsiella pneumonia infection (KPI).
Patients in a tertiary medical center with Klebsiella pneumonia infection from 2014 to 2017 were recruited in this study. Patients

with Klebsiella pneumonia infection were stratified into two groups based on the National Early Warning Score (NEWS). MLR was
calculated by dividing monocytes count by lymphocytes count obtained from routine blood examination. The area under the curve
(AUC) values was determined using the receiver-operating characteristic (ROC) curve. The correlation between the variables was
tested with Pearson or Spearman correlation analysis. Ordinal logistic regression analysis was used to assess the relationship
between MLR and the severity of Klebsiella pneumonia infection.
One hundred fifty-two patients were finally enrolled for analysis. Among those, 43 (28.29%) cases had severe KPI. MLR was found

to be an independent risk factor of the serious Klebsiella pneumonia infection (OR: 23.74, 95% CI: 5.41–104.11, P< .001). Besides,
MLR was positively correlated with NEWS score (r=0.57, P< .001). In the receiver-operating characteristic (ROC) curve analysis,
MLR, with an optimal cut-off value of 0.665, predicted the severe coronary lesion with a sensitivity of 79.4% and specificity of 84.4%.
MLR was an independent predictor of the severe Klebsiella pneumonia infection. Compared with neutrophil-to-lymphocyte ratio

(NLR), MLR has a better performance to evaluate the severity of Klebsiella pneumonia infection.

Abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation, CAP = community-acquired pneumonia, CBC =
complete blood count, CHINET = China Antimicrobial Surveillance Network, KPI = Klebsiella pneumonia infection, MLR =
monocyte–to-lymphocyte ratio, NEWS = National Early Warning Score, NLR = neutrophil-to-lymphocyte ratio, ROC = receiver
operating characteristics, SAPS = Simplified Acute Physiology Score.
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1. Introduction

The infection rate of Gram-negative bacteria has gradually
increased in recent years. Together with Escherichia coli,
Klebsiella pneumonia is the leading cause of serious infections
in newborns, blood cancer patients, immunocompromised
patients[1] and even healthy people nowadays. According to
the result from China Antimicrobial Surveillance Network
(CHINET) in 2017,[2] Klebsiella pneumonia is the leading cause
of respiratory tract infections and the secondmost common cause
of Gram-negative bacteremia and urinary tract infections.[1] As
the mortality rate of Klebsiella bacteremia and pneumonia can
exceed 50%,[1] it is important for clinical physicians to detect the
severity of Klebsiella pneumonia as early as possible.
The biochemical markers, such as procalcitonin (PCT), C-

reactive protein (CRP), tumor necrosis factor (TNF), and
interleukin-6 (IL-6) help to specify patients at risk.[3,4] While,
their sensitivity and specificity for prediction the severity of
infection are variable and largely insufficient.Recently, someblood
parameters, originated from routine complete blood count (CBC),
such as neutrophil, lymphocyte, monocyte, neutrophil-to-lympho-
cyte ratio (NLR), andmonocyte-to-lymphocyte ratio (MLR), have
been investigated as potential biomarkerswithmixed results.MLR
has been proved to be a prognostic factor in patients with cancer
and rheumatic diseases.[5–7] However, the role of MLR in
Klebsiella pneumonia infection is still unknown. Therefore, this
study retrospectively investigated whetherMLR is an independent
predictor of the serious Klebsiella pneumonia infection.
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Table 1

Basic demographic and biochemical characteristics of the study
population.

Variables NEWS score <7 NEWS score ≥7 P value

Age (years) 72[21,95] 75[24,92] .693
Gender (male/female) 64/45 28/15 .467
Heart rate (bpm) 84[60,119] 96[60,182] <.001
Ventilator used (%) 5.5% 30.2% <.001
ICU admission (%) 22.9% 65.1% <.001
Liver abscess (%) 31.2% 11.6% .013
Disturbance of consciousness (%) 9.2% 37.2% <.001
Mortality rate (%) 2.8% 23.3% <.001
WBC count (∗109/L) 9.21±4.22 13.75±6.11 <.001
Neutrophil count (∗109/L) 6.72±4.03 11.72±6.02 <.001
Monocyte count (∗109/L) 0.65±0.34 1.01±0.52 <.001
NLR 5.84±6.69 16.96±15.82 <.001
MLR 0.47±0.31 1.25±0.77 <.001
Hemoglobin (g/dL) 116.65±20.34 107.58±21.28 .016
HCT (L/L) 0.35±0.06 0.32±0.06 .011
ESR (mm/h) 50.31±28.54 57.14±27.90 .226
CRP (mg/L) 83.73±70.46 126.11±88.70 .002
TBil (umol/L) 12.06±8.19 25.37±34.93 .076
Albumin (g/L) 32.44±5.85 28.43±5.21 <.001
LDL (mmol/L) 2.04±0.85 1.70±0.79 .031
Serum creatinine (umol/L) 75.53±52.83 128.14±110.00 <.001
Urea nitrogen (mmol/L) 6.00±3.94 12.75±10.67 <.001

CRP=C reactive protein; ESR= erythrocyte sedimentation rate; HCT=hematocrit; ICU= intensive
care unit; LDL= Low-density lipoprotein; MLR=monocyte–to-lymphocyte ratio; NLR=neutrophil-to-
lymphocyte ratio; WBC=white blood cell.
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2. Methods

A total of 152 patients with Klebsiella pneumonia who were
admitted in the emergency department of Renji Hospital were
included between January 2014 and December 2017 prospective-
ly. The exclusion criteria included younger than 18 years, use of
antibiotics for more than 24h at the time of enrollment, absence of
monocyte or lymphocyte count records. The national early
warning score (NEWS) proposed by the Royal College of
Physicians of London was used as stratification standard among
the included cases, and theNEWSscore≥7were consideredaswith
severe infection. Forty-three of the patients had a serious infection.
The infection was confirmed by a positive pathogen test from
various specimens such as blood, sputum, pus, urine, drainage,
tracheal cannula stump, and so on. Monocyte and lymphocyte
counts were collected at the first time of admission. MLR was
defined as absolute monocyte count divided by absolute lympho-
cyte count. This inflammatory marker was compared between
patients whose NEWS score ≥7 and those whose score <7.
We expressed continuous data as the mean± standard

deviation and categorical data as frequencies. Differences in
continuous variables between groups were determined using in-
dependent t test or the Mann–Whitney U test, with or without a
normal distribution respectively. While the differences between
categorical variables were analyzed using Pearson x2 test. The use
of MLR to accurately predict the severity of Klebsiella
pneumonia infection was evaluated by receiver operating
characteristics (ROC) analysis and maximum sensitivity and
specificity were determined. Spearman and Pearson correlation
was used to assess the correlation between disease severity
marker and MLR. Binary and ordinal logistic regression analysis
was used to assess the independent predictors of the severity of
Klebsiella pneumonia respectively. A two side P value< .05 was
considered statistically significant. All statistical analyses were
performed using IBM SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
3. Results

3.1. Basic characteristics of the study population

Basic demographic and biochemical characteristics of all 152
patients were outlined in Table 1. Our study included 43 patients
whoseNEWS score≥7 (serious infection group, 65%ofmale) and
109patientswhoseNEWS score<7 (normal infection group, 59%
ofmale). Patients whoseNEWS score≥7were a little bit older, and
had more risk factors. WBC, neutrophil, monocyte, CRP, serum
creatinine, and urea nitrogen levels in the serious infection group
were higher than that of the normal infection group, whereas
lymphocyte albumin, and low density lipoprotein level were lower
(P< .05). The MLR and NLR values were 0.47±0.31 and 5.84±
6.69 in the normal infection group, which were significantly lower
than that in serious infection grouppatients (1.25±0.77and16.96
±15.82, respectively; P< .05). The mortality rate of serious
infection group was significantly higher (Table 1).

3.2. MLR have high predictive value in the severe
Klebsiella pneumonia infection patients

ROC curve analysis was applied to test the predictive value of
MLR in severe Klebsiella pneumonia infection patients with an
AUC of 0.888 (95% CI: 0.820–0.956), Figure 1. With a cut-off
level of 0.665, MLR predicted serious infection with a sensitivity
of 79.4% and specificity of 84.4% (Fig. 1, Table 2).
2

3.3. Correlation between the variables

As depicted in Figure 2, neutrophil count was positively
correlated with CRP (r=0.253, P= .002), serum creatinine
(r=0.318, P< .001), urea nitrogen (r=0.358, P< .001), ICU
admission (r=0.309, P< .001), and mortality rate (r=0.273,
P= .001). Lymphocyte was negatively correlated with CRP (r=�
0.303, P< .001), total biliburin (r=�0.240, P= .003), serum
creatinine (r=�0.247, P= .002), urea nitrogen (r=�0.336,
P< .001), ICU admission (r=�0.321, P< .001), and mortality
rate (r=�0.234, P= .004). Monocyte was correlated with total
biliburin (r=0.196, P= .016), serum creatinine (r=0.204,
P= .012), and ICU admission (r=0.166, P= .041). NLR was
positively correlated with CRP (r=0.260, P= .001), PCT (r=
0.197, P= .038), serum creatinine (r=0.322, P< .001), urea
nitrogen (r=0.566, P< .001), ICU admission (r=0.428, P
< .001), and mortality rate (r=0.313, P< .001). MLR was
positively correlated with CRP (r=0.226, P= .005), serum
creatinine (r=0.313, P< .001), urea nitrogen (r=0.461, P
< .001), ICU admission (r=0.413, P< .001), and mortality rate
(r=0.203, P= .012) (Fig. 2).

3.4. MLR is the independent predictor of the severe
Klebsiella pneumonia infection

An binary logistic regression analysis was carried out to
investigate which factors could be favorable for predicting the
severity of the Klebsiella pneumonia infection. The regression
analysis result in Table 3 demonstrated that ventilator used, heart
rate, urea nitrogen andMLRwere independent predictors for the
severity of Klebsiella pneumonia infection. Additionally, MLR
was an independent predictor for the risk of the severe Klebsiella



Figure 1. Receiver operating characteristic curves of seven infection markers for predicting the serious Klebsiella pneumonia infection. Receiver operating
characteristic (ROC) curves of C-reactive protein (CRP), procalcitonin (PCT), white blood cell (WBC) count, neutrophil count, monocyte count neutrophil-to-
lymphocyte ratio (NLR), and monocyte-to-lymphocyte ratio for predicting serious Klebsiella pneumonia. The area under the MLR ROC curve differed significantly
from those for the NLR, CRP level, PCT level, WBC count neutrophil count, and monocyte count.
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pneumonia infection (OR: 23.74, 95%CI: 5.41–104.11, P
< .001), while NLR was not. In the correlation analysis, MLR
has significant association with the NEW score (r=0.57,
P< .001) (Table 3).
4. Discussion

Klebsiella pneumonia is an important pathogen both in
community and hospital settings. Recently, with the development
of modern medical technology, especially the widely use of wide-
spectrum antibiotics, endoscopy, mechanical ventilation, and
catheter technology, currently with the aging of the social
population, the rapid increase in tumor patients, Klebsiella
pneumonia continues to cause a high rate of infection and
mortality. New biomarkers are urgently required to assess
disease severity. Currently, some easily, inexpensively available
Table 2

ROC curve was used to evaluate the predictive value of blood bioma

AUC CI95% P

MLR 0.888 0.820–0.956 <.001
NLR 0.849 0.779–0.919 <.001
Neutrophil 0.794 0.697–0.892 <.001
WBC 0.771 0.668–0.874 <.001
Monocyte 0.731 0.617–0.846 <.001
CRP 0.616 0.508–0.724 .051
PCT 0.582 0.459–0.705 .17

3

parameters, originated from routine complete blood count
(CBC), including WBC, neutrophil, monocyte, lymphocyte,
neutrophil-to-lymphocyte ratio (NLR), and monocyte-to-lym-
phocyte ratio (MLR) have been investigated as potential
biomarkers. In our study, we found that MLR had a higher
predictive value in severe Klebsiella pneumonia infection, while
the MLR showed a significant correlation to the NEWS score,
which is indicating the disease severity.
MLR is widely accepted to be useful in the prediction of

survival in several clinical settings. The value of the MLR was
previously reported in patients with laryngeal squamous cell
carcinoma, patients with lung cancer, patients with advanced
gastric cancer, and multiple myeloma patients with autologous
transplantation.[8–11] Huang et al observed that in Guillain–Barré
syndrome patients the MLR was significantly higher when
compared with control, and it could be a desirable blood
rkers for patients with severity Klebsiella pneumonia infection.

Optimal cutoff value Specificity (%) Sensitively (%)

0.665 84.4 79.4
6.155 71.4 85.3
8.215 81.8 76.5
11.245 84.4 70.6
0.7149 72.7 73.5
30.45 28.6 94.1
3.345 80.5 47.1
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Figure 2. Correlation between variables.
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biomarkers in distinguishing the severe GBS from mild GBS.[12]

The MLR was also gradually recognized as a predictor of
prognosis in cardiovascular medicine. Fan et al reported that
MLR was an independent risk factor of the presence of coronary
artery disease.[13] Ji et al reported that MLR was a predictor of
the lesion severity, and had better performance to reflect the
severity of coronary lesion.[14] Literature regarding MLR in
infection is scarce. One study reported that the MLR is a
potentially valuable parameter in discriminating between differ-
ent patient groups hospitalized for fever due to infection and
those without infection. They concluded that MLR was a useful
blood parameter to differentiate diagnosis of patients hospital-
ized for fever, rather than the commonly used parameters such as
WBC, neutrophils counts, and CRP.[15] On the contrary, Huang
et al found that MLR seemed not to be a good marker for
community-acquired pneumonia (CAP) severity although MLR
was elevated in CAP patients, having a higher diagnostic value for
CAP.[16] Dragan explored the use of MLR in critically ill patients
with secondary sepsis and/or trauma and suggested that patients
with gram-negative blood culture had significantly higher MLR
values in comparison with those who had gram-positive blood
culture, and this was the first report which had demonstrated
significant differences in MLR values regarding nature of
bacteremia.[17]

To the best of our knowledge, no study investigating the
predictive value of MLR in patients with Klebsiella pneumonia
infection has been reported previously. This study is the first to
demonstrate an association between MLR and severe Klebsiella
pneumonia infection in these patients and provides a new option
for predicting their severity. As mentioned, 152 patients were
enrolled in our retrospective study, WBC, neutrophil, monocyte,
NLR, MLR, and CRP levels in the severe Klebsiella pneumonia
infection patients were higher, while the number of lymphocytes
and HGB level were lower. The ROC curve showed that MLR
Table 3

Result of ordinal logistic regression analysis.

Variable b Wald

Ventilator used 3.00 12.08
Heart rate 0.05 7.10
Urea nitrogen 0.168 9.12
MLR 3.167 17.64
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yielded a higher AUC value, and the optimal cut-off value of
MLR for serious Klebsiella pneumonia infection was 0.665, with
a specificity of 84.4% and sensitivity of 79.4%. We also found
that MLR showed a significant correlation to NEWS score,
indicating the severity of Klebsiella pneumonia infection.
However, the relationship between higher levels of MLR and
serious Klebsiella pneumonia infection is not yet clear. It has been
reported that monocyte were rapidly recruited to the side of
inflammation upon infection, and in such situations they can
develop into a wide range of terminally differentiated cells to
perform versatile functions, enhancing microbicidal activities by
producing cytokines and inflammatory or anti-inflammatory
mediators,[18,19] and this may have an effect on increasing MLR.
The National EarlyWarning Score (NEWS) was established by

the Royal College of Physicians of London and is currently used
in several countries.[20,21] Unlike The Acute Physiology and
Chronic Health Evaluation (APACHE) and the Simplified Acute
Physiology Score (SAPS), it is used as a quick bedside tool, and is
also intended to provide reliable, timely, and effective indications
of the clinical responses of acutely ill patients. Each score of the
patient corresponds to the severity of the disease, the higher the
score is, the more critical the patient’s condition is.[22] A NEWS
score ≥7 is a key threshold to assess the severity of disease. In
our study, MLR level was positively related to the NEWS score
(r=0.570, P< .001), which reflected that patients with relatively
higher MLR might have more severe Klebsiella pneumonia
infection.
Our study also has some potential limitations. The major

limitation of our study was the limited sample size, and a
retrospective single-center study, it would be better to take
further prospective plan to ensure our results. Besides, we only
used spot parameters for the analysis, and no follow-up values
were available. Therefore, further controlled studies comprising a
greater number of patients from different centers are needed to
P value OR 95% CI

.001 20.14 3.70–109.55

.008 1.06 1.01–1.10

.003 1.18 1.06–1.32
<.001 23.74 5.41–104.11
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validate the clinical value of MLR for Klebsiella pneumonia
infection.
In conclusion, our study is the first report on the relationship

between MLR and severity of Klebsiella pneumonia infection.
We consider that MLR, a widely available, inexpensive
inflammatory biomarker, could be helpful to predict the severity
of Klebsiella pneumonia.
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