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Is Neutrophil–Lymphocyte Count Ratio a Better Indicator of 
Sepsis with Gram-positive Bacterial Infection?
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Ab s t r Ac t
Background: Sepsis is the main cause of death in infectious diseases that can be caused by gram-negative or gram-positive bacteria. Definitive 
therapy for sepsis is antibiotics, depending on blood culture results even though it takes time for bacterial growth. Neutrophil–lymphocyte 
count ratio (NLCR) is a laboratory parameter that can predict bacterial infection in sepsis patients. NLCR is time-and-cost-effective and easy-
to-use in daily practice, in sepsis patients infected with gram-negative, gram-positive, and no bacterial growth based on blood culture results.
Materials and methods: This was a comparative study of NLCR and the result of blood culture from sepsis patients. Subjects were obtained 
from the medical records of patients admitted to our hospital from January 2019 to May 2019. Patients aged over 18 years who were diagnosed 
with sepsis and had blood culture information were included. Patients with hematological disorder and malignancy were excluded. Sepsis data 
consisted of gender, age, source of infection, comorbidity, NLCR, and blood culture results. 
Results: Ninety-four sepsis subjects met the inclusion criteria, and fifty-one subjects (54.25%)—33 subjects (35.10%) with gram-negative 
bacterial infection and 18 subjects (19.15%) with gram-positive bacterial infection—were included in the analysis due to the completeness of 
the data. The median NLCR (IQR) was 17.8 (14.3–30.7) in gram-negative, 31.5 (26.3–95.0) in gram-positive, and 22.8 (15.67–22.75) in no bacterial 
growth (p = 0.001). 
Conclusion: NLCR can distinguish gram-negative and gram-positive bacterial infections. It also can predict the possibility of pathogenic bacteria 
that cause sepsis.
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In t r o d u c t I o n
Sepsis due to bacterial infection is one of the causes of high 
morbidity and mortality, especially in developing countries.1 The 
morbidity and mortality rate of sepsis and septic shock is 85%, so 
it becomes a health problem.2 One of the causes of sepsis is gram-
negative bacteria, and many of them are already resistant. In our 
tertiary referral hospital, in 2016, at the emergency room, 26.7% 
of gram-negative bacteria produced extended-spectrum beta-
lactamase (ESBL). Meanwhile, in the wards, 10.5% of ESBL Escherichia 
coli were found and in the ICU was 78.6%.3

Neutrophil–lymphocyte count ratio (NLCR) was obtained from 
absolute neutrophil (immature granules, rods, and segments) and 
absolute lymphocyte values based on the number of leukocytes.4 
The clinicians need a laboratory test that is faster, easier, and 
cheaper and can be done in every hospital. NLCR value is a 
bacteremia marker that has a good diagnostic value for predicting 
bacteremia. No studies have looked at NLCR on gram-negative and 
gram-positive bacteria and no bacterial growth from blood cultures 
in sepsis patients.

MAt e r I A l s A n d Me t h o d s
This was a comparative study on NLCR and blood culture results 
from sepsis patients. Sepsis-3 criteria determined sepsis in the 
current study.5 Subjects were obtained from medical records of 
patients with a diagnosis of sepsis who were treated at our hospital, 
from January to May 2019. This study had received approval from the 
Health Research Ethics Committee of the hospital, with reference 
number LB.02.01/X.6.5/247/2019. 
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Patients aged over 18  years who were diagnosed with the 
first episode of sepsis and had blood culture information were 
included. Patients with hematological disorder, malignancy, and 
corticosteroid medications were excluded. Sepsis subject data 
consisted of gender, age, source of infection, comorbidity, NLCR, 
and blood culture results. Statistical Package for Social Science 
(version 23) for Windows was used for data analysis. Statistical 
significance was set at ≤0.05 with a two-tailed hypothesis. One-way 
analysis of variance test was used for normally distributed data; 
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otherwise, the Kruskal-Wallis test was used. The chi-square test was 
used for categorical data.

re s u lts
There were 94 subjects diagnosed with a new-onset community-
acquired sepsis, and 51 (54.25%) positive cultures met the inclusion 
criteria, in which 33 (35.10%) were gram-negative bacterial cultures 
and 18 (19.15%) were gram-positive bacterial cultures. Blood culture 
results for gram-negative bacilli fermenter groups were E. coli (n = 11), 
Klebsiella pneumoniae (n = 5), Burkholderia cepacia (n = 2), Serratia 
marcescens (n = 2), and Salmonella typhi (n = 1). Blood culture results 
for gram-negative bacilli nonfermenter groups were Acinetobacter 
baumannii (n = 10) and Pseudomonas aeruginosa (n = 2). Blood culture 
results for gram-positive bacteria were Staphylococcus aureus (n = 9), 
Staphylococcus epidermidis (n  =  3), Staphylococcus haemolyticus 
(n = 2), Staphylococcus hominis (n = 1), Streptococcus viridians (n = 2), 
and Enterococcus faecalis (n = 1). 

Overall, NLCR for subjects with gram-positive bacteria was 
31.5 (26.3–95.0) and subjects with gram-negative bacteria was 17.8 
(14.3–30.7). The NLCR was lower in patients infected with gram-
negative bacilli nonfermenter compared to those infected with 
gram-negative bacilli fermenter groups (Fig. 1). The median (IQR) of 
NLCR was significantly higher in female patients aged younger than 
65 years, having chronic kidney disease (CKD), and with respiratory 
infections. Subject characteristics based on NLCR value and blood 
culture results are shown in Table 1.

Leukocytes, absolute neutrophils, absolute lymphocytes, and 
NLCR based on blood culture results are shown in Table 2. The 
median (IQR) of absolute lymphocyte count in patients infected with 
gram-positive bacteria was significantly lower at 360 (239–742/mm3) 
versus 712 (573–1,138/mm3) in those infected with gram-negative 
bacteria. The median absolute neutrophil count was higher in gram-
positive bacterial infection at 19,380 (11,409–24,080 mm3) versus 
gram-negative bacterial infection at 13,746 (10,102–20,394 mm3). The 
median leukocyte was higher in gram-positive bacterial infection at 
21,375 (12,410–26,098 mm3) versus gram-negative bacterial infection 
at 15,620 (11,425–22,835). 

The Scattered-dot diagram shows that the gram-positive 
bacteria were MRSA (S. aureus), MRSCoN (S. epidermidis, S. 
haemolyticus, S. hominis), S. viridans (median NLCR of 95), and 
E.  faecalis. The scattered-dot diagram showed the NLCR distribution 
of pathogenic bacteria of gram-negative grouped by fermenter 
and nonfermenter bacilli. The fermenter gram-negative bacilli 
(E. coli, K. pneumoniae, S. typhi, and S. marcescens) had a median 
NLCR in the red line of 19. The nonfermenter gram-negative bacilli 
(A. baumannii, P. aeruginosa, and Burkholderia cepacia) median 
NLCR was 22. 

The distribution of the scattered-dot of no bacterial growth on 
blood culture results in a median NLCR was 22.8. It is lower than 
that in the gram-positive Table 3 and 4.

dI s c u s s I o n
We found that NLCR in subjects with gram-positive infection was 
higher than those with gram-negative infection. Similar to our 
study, Jonathan et al. reported that NLCR was significantly higher 
in gram-positive bacteria than in gram-negative bacteria (p <0.05).6 

Another report by Nurdani et  al. showed that the ratio of 
neutrophil–lymphocytes in gram-positive bacteria was higher 
compared to gram-negative bacteria.7

Higher NLCR was found most prominently in female patients 
aged younger than 65 years, , having CKD, and with respiratory tract 
infection. This result was similar to a study conducted by Kim et al., 
which found that the mean age of the patients with gram-positive 
bacteria was 57 ± 20 years.6 Yana et al. also reported the mean age 
of sepsis subjects with bacterial growth in blood culture results was 
53  years.8 Lower NLCR among the elderly may happen because 
the immune system becomes less effective at fighting infections.

Jonathan et al. also showed that female patients with Gram-
positive infection have higher NLCR.8 Female sex hormones exhibit 
protective effects that can contribute to the natural benefits of the 
septic condition. In comparison to this, postmenopausal women 
lack the benefits of this condition.9

There was no significant difference of NLCR value between gram-
positive and gram-negative in most comorbidity characteristics of 

Fig. 1: Scattered-dot of NLCR to pathogenic bacteria in blood culture results.
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stages. Classical risk factors, such as DM and low-GFR, were more 
powerful predictors of progression.10

Our study showed that there were significant differences in 
NLCR in patients with respiratory tract infection. A similar result 
was found by Nugraha et al., which stated that respiratory tract 
infections were the highest source of infection.11 Stepko et  al. 
found that pneumonia (respiratory tract infection) was the most 

the subjects, except in patients with CKD. In this group, the NLCR 
value is higher in gram-positive blood culture than in gram-
negative. A study conducted by Yuan et  al. showed that NLCR 
was associated with the risk of end-stage renal disease (ESRD) or 
stage 4 CKD.9 NLCR can be used in risk assessment for ESRD among 
patients with advanced CKD.2 In other words, NLCR is an indicator of 
inflammation in CKD, especially among those with more advanced 

Table 2: Leukocyte count, absolute neutrophil count, absolute lymphocyte count, and NLCR based on blood culture results: Gram-negative, 
gram-positive, and no bacterial growth

Blood culture results (N = 94)

Variable Gram-negative (n = 33) Gram-positive (n = 18) No bacterial growth (n = 43) p-value
Leukocyte/mm3

Median (IQR)
 15,620
(11,425–22,835)

 21,375
(12,410–26,098)

 15,070
(10,850 –22,500)

0.279

Abs. Neutrophil/mm3

Median (IQR)
 13,746
(10,102–20,394)

 19,380
(11,409–24,080)

14,003
(9,223–20,847)

0.254

Abs. Lymphocyte/mm3

Median (IQR)
   712
(573–1,138)

   360
(239–742)

   593
(342–967)

0.007

NLCR%
Median (IQR)

    17.8 
(14.3–30.7)

    31.5 
(26.3–95.0)

    22.8 
(15.67–22.75)

0.001

Continuous variables were presented as median (IQR). p value was obtained using the Kruskal-Wallis test. NLCR: Neutrophil–lymphocyte count ratio
Bold font indicates with p value <0.05

Table 1: Subject characteristics based on NLCR and blood culture results

NLCR in blood culture results

Variables n Gram-negative Gram-positive No bacterial growth p-value
Age
     <65 year (median, IQR) 67 17.6 (10.9–93.0) 31.3 (22.0–96.0) 20.4 (10.6–47.5) 0.001
     ≥65 year (median, IQR) 27 21.8 (12.4–32.0) 32.0 (14.7–96.0) 31.0 (12.4–48.0) 0.239
Gender
     Male (median, IQR) 49 26.4 (12.4–93.0) 31.33 (17.6–95.0) 20.7 (10.63–47.5) 0.100
     Female (median, IQR) 45 17.6 (10.9–31.3) 31.7 (14.7–96.0) 23.0 (12.3–48.0) 0.005
Comorbidity
     Diabetes mellitus 
     (Median, IQR)

19 14.7 (10.9–31.7) 48.0 (14.7–95.0) 18.0 (12.3–47.0) 0.085

     Heart disease 
     (Median, IQR)

25 17.6 (12.4–31.7) 60.3 (17.6–96.0) 23.1 (12.3–47.5) 0.167

     Acute kidney injury 
     (Median, IQR)

32 15.2 (10.9–47.0) 31.0 (14.7–48.0) 23.5 (12.9–46.50 0.069

     Chronic kidney disease
     (median, IQR)

31 21.6 (13.8–93.0) 93 (22.0–96.0) 22.6 (12.3–47.5) 0.020

     COPD 
     (median, IQR)

11 30.7 (30.3–31.3) 48 (31.0–93.0) 22.8 (17.6–46.5) 0.071

     Geriatric
     (median, IQR)

32 21.8 (12.4–47.0) 31.5 (14.7–96.0) 23.0 (12.4–47.5) 0.320

Source of infection
     Respiratory tract 
      (median, IQR)

66 18.7 (10.9–93.0) 31.3 (14.7–96.0) 20.4 (10.6–48.0) 0.011

     Intra-abdominal 
     (median, IQR)

23 15.2 (11.0–93.0) 56.3 (17.6–95.0) 20.8 (10.6–45.5) 0.341

     Genitourinary tract 
     (median, IQR)

10 26.0 (15.2–32.0) 23.3 (4.7–32.0) 35.3 (23.0–47.5) 0.572

     Skin and connective tissue 
(median, IQR)

20 16.4 (10.9–23.0) 95.0 (14.7–96.0) 18.6 (10.6–47.5) 0.089

NLCR was presented as median (min-max). p value was obtained using the Kruskal-Wallis test. NLCR: Neutrophil–lymphocyte count ratio; COPD: Chronic 
obstructive pulmonary disease
Bold font indicates with p value <0.05



Is NLCR a Better Indicator of Sepsis with Gram-positive Bacterial Infection?

Indian Journal of Critical Care Medicine, Volume 25 Issue 7 (July 2021)798

Gram-positive bacteria induced much more interleukin (IL-12) 
than did gram-negative bacteria and also induced stronger major 
histocompatibility complex class II-restricted IFN-γ production in 
unfractionated blood mononuclear cells than did gram-negative 
species, so that the inflammatory reaction is more severe, which 
can be seen by NLCR value.17

On the contrary, gram-negative does not trigger more 
recruitment of neutrophil because gram-negative has less thick 
wall with glycoprotein or lipopolysaccharide that can be quickly 
attacked by a neutrophil. Virulence of gram-negative bacteria 
depends on its glycoprotein that can cause dysregulation of the 
immune system in sepsis.18

Regarding sepsis’s etiology, a higher number of NLCR are 
associated with disease severity and dismal outcome. In the study 
conducted by George et  al., 78.4% of sepsis patients with NLCR 
score >5 were associated with more than two organ dysfunctions.19 
Rehman et al., in their study, stated that NLCR is comparable with 
other sepsis biomarkers (CRP, procalcitonin, and sequential organ 
failure assessment score) as a marker of disease severity.20 Hence, a 
higher NLCR score can be used to initiate robust empirical therapy 
in patients with sepsis.

The limitation of this study is that it has a small sample size and 
was not checked for interleukins or other inflammatory markers; so, 
it needs further research for the interleukin as markers to monitor 
patients with sepsis.

common cause of sepsis in individuals aged over 65.12 The simple 
calculation of the neutrophil–lymphocyte ratio (NLR) that we found 
correlating stronger with serum c-reactive protein (CRP) than total 
white blood cells could be of help when assessing patients with 
community-acquired pneumonia, with mean NLR of 10.2 ± 8.8.13 
Overall, the NLCR (Mean  ±  SD) was increased in patients with 
community-acquired pneumonia even more when patients were 
admitted to the hospital (14.4 ± 12.4) or ICU (18.7 ± 19.9) or died in 
hospital (23.3 ± 16.8).14

Based on a study by De Jager et al., the number of leukocytes of 
4.0 × 109/L or 12.0 × 109/L was used as the definition of systemic 
inflammatory syndrome response.15 This is due to the phenomenon 
that neutrophilia often occurred during an inflammatory reaction. 

The NLCR in patients with gram-positive bacteria was 
significantly higher compared to gram-negative bacteria because 
exotoxin in gram-positive bacteria can trigger an inflammatory 
reaction. Vidas BRAHMS study has shown that NLCR values indicate 
the severity of infection during the normal condition, NLR value of 
4.19 ± 4.36 (%), local infection NLR value of 5.68 ± 8.99 (%), systemic 
infection (sepsis) NLR value of 11.78 ± 11.04 (%), and severe sepsis 
NLR value of 16.87 ± 9.55 (%).16 Gram-positive bacterial structure 
has peptidoglycan layers approximately 50 times thicker than those 
of gram-negative bacteria, and the peptidoglycan strands are also 
more tightly cross-linked. Furthermore, teichoic and lipoteichoic 
acids are unique to gram-positive bacteria.17

Table 3: Leukocyte count, absolute neutrophil count, absolute lymphocyte count, and NLCR 
based on blood culture results: gram-negative and gram-positive

Blood culture results (N = 51)

Variable
Gram-negative
n = 33

Gram-positive
n = 18 p-value

NLCR
Median (IQR)    17.8 (14.3–30.7)    31.5 (26.3–95.0) <0.001
Leukocyte
Median (IQR) 15,620 (11,425–22,835) 21,375 (12,410–26,098)    0.315
Abs. neutrophil
Median (IQR) 13,746 (10,102–20,394) 19,380 (11,409–24,080)    0.229
Abs. lymphocyte
Median (IQR)    712 (573–1,138)    360 (239–742)    0.002

Continuous variables were presented as median (IQR). p value was obtained using the Mann- 
Whitney test. NLCR: Neutrophil–lymphocyte count ratio
Bold font indicates with p value <0.05

Table 4: Leukocyte count, absolute neutrophil count, absolute lymphocyte count, and NLCR 
based on gram-negative nonfermenter and fermenter groups

Gram-negative

Variable Nonfermenters = 14 Fermenters = 19 p-value
NLCR
Median (IQR)    17.7 (14.5–21.9)    21.8 (13.3–31.3) 0.455
Leukocyte    
Median (IQR) 13,670 (11,433–18,210) 17,180 (11,400–28,790) 0.255
Abs. neutrophil    
Median (IQR) 12,144 (10,115–15,571) 15,462 (9,256–25,047) 0.215
Abs. lymphocyte    
Median (IQR)    813 (573–1,051)    687 (531–1,201) 0.771

Continuous variables were presented as median (IQR). p value was obtained using the  Mann- 
Whitney test. NLCR: Neutrophil–lymphocyte count ratio
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co n c lu s I o n
NLCR can differentiate bacterial pathogen infection by gram-
negative and gram-positive. Therefore, NLCR can help clinicians 
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its real effectiveness as a guide in initiating empirical antibiotic 
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