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ABSTRACT
Background: Sepsis, a syndrome of dysregulated host response to infection leading to life-threatening organ
dysfunction, is having a substantial burden in health system. The outcome in sepsis is often time dependent. None of
the clinical manifestations nor the age-old markers like ESR, CRP, etc. have proven diagnostic or prognostic of
sepsis. This study aims to assess the role of neutrophil: lymphocyte ratio (NLR) in assessing the severity of sepsis
within the initial 24 hrs of admission.
Methods: Authors did a retrospective observational study in 208 sepsis patients admitted in the MDICU. The NLR
was calculated and the study population was grouped into those with an NLR of more than or equal to 5 and those
with less than 5. The patients were also grouped based on the number of organs impaired due to sepsis. The
association between these groups were then assessed.
Results: 46 patients (60.5%) with single organ involvement had NLR <5; 30 patients (39.5%) had NLR >5; 27
patients (42.2%) with two organ involvement had NLR <5 and 37 patients (57.8%) had NLR >5. Among patients with
more than two organ involvement, 8 patients (21.6%) had NLR <5 and 29 patients (78.4%) had NLR >5. It was found
that there is statistically significant association between increase in number of organs involved and NLR more than 5.
The chi square test value was 15.691 with a p value was less than 0.001.
Conclusions: In the current study, we have evaluated the role of NLR in sepsis. NLR calculated on the day of
admission is a simple parameter that helps to stratify patients into severe risk category. A significant association was
found with higher NLR and the number of organs impairment in sepsis.
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International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) was published.1

INTRODUCTION
Sepsis is now defined as a life-threatening organ
dysfunction where the host has a dysregulated immune
response to infection. In the early 1990s, a consensus
statement was developed by the American College of
Chest Physicians and the Society of Critical Care
Medicine (SCCM). They defined sepsis as Systemic
Inflammatory Response Syndrome (SIRS) with or
without positive blood culture. In 2016, The Third

The main changes were (Table 1):



The terminology of SIRS and severe sepsis were
eliminated.
Sepsis is now considered as a life-threatening organ
dysfunction caused by a dysregulated host response
to infection.
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Organ dysfunction is newly defined as change in
SOFA (sequential organ failure assessment) score.
Septic shock is considered to be a subset of sepsis in
which underlying circulatory and cellular or
metabolic abnormalities are profound enough to
increase mortality substantially. The burden of sepsis
is very high in low- and middle-income countries.
The mortality is very high too. Thus, early diagnosis
of sepsis is of utmost importance in initiating
treatment in sepsis.2-5

In sepsis, a hyper-inflammatory response is followed by
an immunosuppressive phase during which multiple
organ dysfunction develops which will lead to hospital
acquired infections.
Biomarkers to diagnose sepsis may allow early
intervention which can reduce the risk of death. Although
lactate is currently the most commonly used biomarker to
identify sepsis; other biomarkers may help to enhance
lactate’s effectiveness.
Table 1: The third international consensus definitions
for sepsis and septic shock (sepsis-3).
Category
Definition
Previous definitions
Two of the following;
SIRS
Temperature >38 Celsius or <36 Celsius
(systemic
Herat rate >90 beats /min
inflammatory Respiratory rate > 20 / minute or
response
arterial carbon dioxide <32mmHg
syndrome)
White blood cell count >12* 10 9 or
<4 * 109 /L
SIRS with infection (proven or
Sepsis
probable)
Sepsis with evidence of acute organ
Severe sepsis
dysfunction
Sepsis with persistent hypotension
Septic Shock
after fluid resuscitation
Revised definitions
Life threatening organ dysfunction
Sepsis
caused by a dysregulated host
response to infection
Sepsis and vasopressor therapy
needed to increase mean arterial
Septic shock pressure to >65 mm Hg and lactate >2
mmol/L despite adequate fluid
resuscitation
Other biomarkers are pro-inflammatory cytokines and
chemokines; proteins such as C-reactive protein and
procalcitonin which are synthesized in response to
infection and inflammation. Recently, markers of the
immunosuppressive phase of sepsis, such as antiinflammatory cytokines, and alterations of the cell
surface markers of monocytes and lymphocytes have
been examined. Combinations of pro- and antiinflammatory biomarkers may help identify patients who

are developing severe sepsis before MODS (multi-organ
dysfunction) has advanced too far. But most of the
biomarkers are expensive, not easily available and or not
validated.6,7 Though the initial consensus statement of
sepsis definition included leucocytosis, it was later found
to have a low predictive value. 8,9 NLR is a calculated
parameter derived from the absolute neutrophil and
lymphocyte count.
The hypothesis of high NLR in sepsis is related to the
neutrophilia and increased lymphocyte apoptosis seen in
systemic inflammation and stress that was first reported
by Zahorec et al.10 In this background, we conducted a
retrospective study in a tertiary care hospital in south
India during the period June 2016 to May 2017. Different
variables like total WBC count, NLR (neutrophil
lymphocyte ratio) and its relation to severity of sepsis
was assessed.
METHODS
This study was a retrospective study done at department
of critical care medicine, Travancore medical college,
Kollam. The study period was between June 2016 and
May 2017. The study population were adult patients
admitted in multidisciplinary critical care ICU with
sepsis. Pregnant females and immune compromised
participants were excluded from the study. The sample
size of study population was 208.
Convenient sampling was done. A diagnosis of sepsis
was made based on the diagnosis documented at the point
of admission by the treating clinician. NLR was
calculated from the complete blood counts of the blood
sample collected at the time of admission. The patients
were then grouped into two, based on the NLR as those
with a N:L ratio of less than 5 and those with an N:L ratio
of more than or equal to 5. The number of organs
impaired, the total white blood cell (WBC) count, the
platelet count and the clinical profile of these patients
were assessed.
Inclusion criteria


Patients admitted with sepsis with age more than 18.

Exclusion criteria


Paediatric
patients,
pregnant
women,
immunocompromised individuals and patients on
steroid therapy for more than 5 days were excluded
from the study. Required data was collected from the
clinical records of patient fitting the criteria.

Statistical analysis
The data collected was entered in Microsoft Excel and
analysed using SPSS V.16. Descriptive analysis was done
by calculating frequencies and proportions. Chi square
test was used to calculate statistical significance.
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(42.8%) had total count more than 11,000. 76 patients
(36.5%) had total WBC count between 4500 and 11,000.

RESULTS
Clinical characteristics of patients

Table 3: Comorbidities.
As shown in Table 2, 117 study population (56.3%) was
above 60 years and 59 patients (28.4%) was between the
age group 40 to 60. Majority of the patients (59.1%) were
males. Female patients were 85 (40.9%).
Table 2: Age and gender distribution.
Age group
18-40
40-60
>60
Gender
Male
Female

Frequency (n=208)
32
59
117

Percentage
15.4
28.4
56.3

123
85

59.1
40.9

As shown in Table 3, among the co -morbidities
hypertension was seen in 137 patients (65.9%) followed
by diabetes mellitus in 116 (55.8%) patients. 62 patients
(29.8%) had coronary artery diseases and 53 patients
(25.5%) had chronic kidney disease. From table 4, single
organ involvement was seen in 76 patients (42.9%), two
organ involvement was seen in 64 patients (36.2%). 37
patients (20.9%) had more than 2 organs involved.
As shown in table 5 neutropenic sepsis (total WBC count
<4500) was seen in 43 patients (20.7%). 89 patients

Comorbidities
Diabetes mellitus
Hypertension
CKD
CAD
CVA

Frequency (n=208) Percentage
116
55.8
137
65.9
53
25.5
62
29.8
32
15.4

Table 4: Organ involvement.
Frequency
(n=177)
Single organ involvement 76
Two organ involvement 64
More than two organ
37
involvement
Total
177
Organ involvement

Percentage
42.9
36.2
20.9
100.0

Table 5: WBC count.
TC group
<4500
4500-11000
>11000
Total

Frequency
43
76
89
208

Percentage
20.7
36.5
42.8
100.0

Table 6: WBC count and organ involvement.

TC
<4500
4500-11000
>11000

Organ involvement
Single organ
involvement
20 (26.3%)
28 (36.8%)
28 (36.8%)

Two organ
involvement
9 (14.1%)
24 (37.5%)
31 (48.4%)

More than two organ
involvement
5 (13.5%)
9 (24.3%)
23 (62.2%)

Chi square
test

p
value

8.445

0.077

Table 7: Organ involvement and N/L ratio.
Organ involvement
Single organ involvement
Two organ involvement
More than two organ involvement

N/l ratio
<5
46 (60.5%)
27 (42.2%)
8 (21.6%)

As shown in table 6 the total WBC count was compared
with the severity of sepsis assessed by the number of
organs involved was assessed. No significant association
was found between the total WBC count and the organ
involvement (p value= 0.077). As shown in table 7, 46
patients (60.5%) with single organ involvement had NLR
<5. 30 patients (39.5%) had NLR more than 5. 27

>5
30 (39.5%)
37 (57.8%)
29 (78.4%)

Chi square test

p value

15.691

0.001*

patients (42.2%) with two organ involvement had NLR
less than 5 and 37 patients (57.8%) had NLR more than
5. Among patients with more than two organs involved 8
patients (21.6%) had NLR less than 5 and 29 patients
(78.4%) had NLR of more than 5. There is statistically
significant association between increase in number of
organs involved or deranged by sepsis and NLR of more
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than 5. The chi square test value was 15.691 with p value
of less than 0.001.
DISCUSSION
NLR is a calculated parameter derived from the absolute
neutrophil and lymphocyte count. The hypothesis of high
NLR in sepsis is related to the neutrophilia and increased
lymphocyte apoptosis seen in systemic inflammation and
stress that was first reported by Zahorec et al.10 A similar
association was observed in trauma patients with SIRS by
Herfferman et al. He postulated that lymphocytes are
vital for the regulation of an adequate inflammatory
response. Once the regulation is lost due to apoptosis,
cellular exhaustion and down regulation may lead to a
deleterious inflammatory state.11 In comparison with
other biomarkers, NLR is an economic and easily
available parameter that is derived from the complete
blood cell count. Though it cannot be used independently
for the diagnosis of sepsis, it can used to assess the
severity of the disease in patients with features of
systemic inflammatory response. Gurol et al assessed the
NLR cut off values according to procalcitonin values and
found that NLR> or equal to 5 was associated with
bacteraemia. They found that NLR had a higher
sensitivity than CRP or total WBC count in septicaemia.12
These authors also found that NLR was a more
convenient marker for infection than CRP, with a high
specificity (83.9%) but moderate sensitivity for
diagnosing septicaemia in critically ill patients.13
Lymphocytes are cells that mount an immune response
against microorganisms and other foreign substances. In
the event of sepsis, a low lymphocyte count will
detrimentally affect the immune response and eventually
lead to increased morbidity. As seen in our study, high
NLR is also found to be associated with increasing
morbidity and severity in sepsis. Increased NLR levels
were independently associated with unfavourable clinical
prognosis in patients with sepsis in the study conducted
by Xuan Liu et al.14
In the study conducted by Hwang et al, on a total of 1395
patients, the initial NLR measured on the day of
admission was associated with 28-day mortality. He also
suggested a change in NLR may be a valuable prognostic
marker for sepsis.15 Lee et al, in their study stated that the
NLR in the Asian population was generally lower than
other races. The mean NLR across all ages in men and
women was 1.63 and 1.66, respectively.16
The association of neutrophilic leucocytosis with
bacteraemia and lymphocytosis with viremia is well
known.13 In the current study, the NLR was found to be
higher in patients with bacterial infection compared to
those with viral infection. However, in a study conducted
on HIV and hepatitis C infected individuals, NLR was
associated with higher illness severity.17

Elevated NLR is not diagnostic of sepsis and is seen in
many other conditions. Elevated NLR is found to be
associated with trauma, surgery, pancreatitis, cardiac and
rheumatic disease. It is also associated with poor
outcomes in cancer patients and those with acute
coronary syndrome too.18,19
In the current study, we have evaluated the role of NLR
in sepsis. NLR calculated on the day of admission is a
simple parameter that helps to stratify patients into severe
risk category. A significant association was found with
higher NLR and the number of organs impairment in
sepsis. However, this is more relevant in sepsis due to
bacterial causes. NLR is of limited use in viral infections
such as dengue.
Our study had few limitations. Comparison of NLR with
sepsis severity indicators such as SOFA, APACHE II and
SAPS II was not included in our study. A larger sample
size would be needed in order to derive a statistically
significant association between the severity indicators
and NLR which was limited in the current study. Hence
the morbidity of the disease assessed by the number of
organs impaired by sepsis was taken into consideration in
this study.
CONCLUSION
Timely diagnosis and prompt administration of treatment
is pertinent in the outcome of sepsis. Compared to the
other time consuming and expensive biomarkers and
diagnostic tests used in sepsis, NLR is a simple parameter
that is calculated from the complete blood counts.
Though NLR is not of diagnostic use, it can be used as a
prognostic tool to predict the severity in sepsis even in
resource limited hospitals.
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