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Introduction

Pneumonia is the leading cause of  mortality and morbidity in 
India with nearly 4.3 cases reported annually, many of  which 
are seen in primary are settings at the start.[1] Most guidelines 
such as American Thoracic Society (ATS) and National Institute 
for Health and Care Excellence (NICE) recommend empirical 
treatment in mild to moderate cases of  community‑acquired 
pneumonia (CAP). Empiric therapy provides broad spectrum 
coverage for common organisms, namely, Streptococcus 

pneumoniae, Hemophilus influenzae, and the atypical 
organisms.[2,3] Investigations are to be carried out in those with 
persistent infection or deterioration despite treatment. Though 
judicious, this approach has several pitfalls.

Often, viral and bacterial pneumonias are indistinguishable and 
may even coexist. Absence of  dense consolidation, multi‑focal 
patchy or bilateral ground‑glass opacities are classic but 
not specific for viral pneumonias. In a primary care setting, 
differentiation is often difficult.[4]

Tuberculosis is endemic in India and contributes significantly 
to the burden of  CAP. It is often confronted by primary care 
physicians at onset and can often be confounded by varying 
presentations. It is often indistinguishable clinically and 
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radiographically from non‑tubercular causes, especially in the 
initial stages and in the smear negative.[1,5,6] For such cases, specific 
cultures such as BACTEC need to be undertaken, which can 
be very time‑consuming and are often not readily available.[7,8]

The problem is further compounded by the loss to follow‑up 
due to various socio‑economic issues, worsening of  the disease, 
unnecessary use of  antibiotics, and delayed therapy besides the 
potential to transmit the infection by the sputum positives.[9] 
Therefore, the need of  the hour is to develop and validate a 
point‑of‑care, inexpensive, easy‑to‑perform, and interpretable 
diagnostic modality for distinguishing tubercular from 
non‑tubercular causes for CAP. Such markers are indispensable 
in the primary care setting as they can help the physician 
delineate the direction for the treatment before time‑consuming 
investigations produce results.

Neutrophil‑to‑lymphocyte ratio (NLR) is a readily calculable 
parameter and has been successfully evaluated as a marker 
of  systemic inflammation in coronary artery disease (CAD), 
autoimmune diseases, malignancies, and most relevantly 
sepsis.[10‑12] Lymphocytopenia occurs due to margination, 
redistribution of  lymphocytes within the lymphoid system, and 
accelerated apoptosis; neutrophilia apparently reactionary to 
the foreign surface markers is commonly observed in bacterial 
infections.[13‑15]

Individually, these leucocytes exhibit a positive linear correlation 
with severity of  bacteraemia.[16] The extent of  lymphocytopenia 
correlated with the severity of  sepsis and shock following major 
surgery.[12] Wyllie and colleagues described the quantitative 
association between lymphopenia and the risk of  bacteraemia.[14] 
While lymphocytopenia is considered more accurate than the 
neutrophilia, their ratio has a greater discriminatory value over 
their individual status.

The mean values of  NLR have been observed to be significantly 
lower in patients with pulmonary tuberculosis than in those with 
community‑acquired pneumonia.[17,18] The NLR is an inexpensive 
and reproducible parameter with potential diagnostic value, 
and we intend to evaluate its potential to distinguish between 
tuberculous and non‑tuberculous pneumonia.

Materials and Methods

We recruited 225 out‑ and in‑patients with community‑acquired 
pneumonia over 1 year (January 2020 to January 2021). Those 
with fever (>100.4 F) for more than a week, respiratory symptoms 
of  cough, expectoration, chest pain, and/or dyspnoea along with 
radiologic evidence of  consolidation were included. Unconscious 
patients, those requiring ventilatory support, those with associated 
acute coronary event, stroke, malignancy, autoimmune illnesses, 
and/or those with healthcare‑associated pneumonias were 
excluded. A diagnosis of  viral pneumonia (COVID RTPCR/
rapid antigen positive), presumptive bacterial (sputum positive 
for Gram’s stain and/or culture plus response to empirical 

antibiotics), or tubercular pneumonia (sputum positive for ZN 
stain) was made, and treatment was started accordingly.

All patients in the presumptive bacterial group were given 
empirical treatment with antibiotics for CAP derived from 
standard guidelines and were followed up after 2 weeks.

For those who did not respond clinically and radiologically 
to the empirical antibiotics, anti‑tuberculous treatment (ATT) 
was initiated. They were followed for symptomatic and clinical 
improvement after 2 weeks (positive response to ATT) and 
4 weeks (if  suboptimal or no response to ATT after 2 weeks) 
and categorized as tubercular (if  they responded to ATT) or 
excluded from the study if  unresponsive.

Data pertaining to age; gender; duration; clinical features; 
co‑morbidities; haematological parameters such as haemoglobin, 
red cell indices, platelet counts, and differential leucocyte count; 
blood and sputum cultures; Gram staining; and sputum for 
Ziehl–Neelson staining/CBNAAT were compiled. The NLR 
was calculated by dividing the absolute neutrophil count by the 
lymphocyte count from the haemogram performed at the time 
of  first contact with the patient.

The data were analysed statistically by using SPSS software 
version 22. Qualitative variables were represented in the form 
of  frequency and percentage, while quantitative variables were 
expressed as mean ± SD. Student’s t‑test (for normally distributed) 
and Mann–Whitney‑U test (for skewed distribution) and ANOVA 
were used for comparing the continuous variables. The association 
of  categorical variables was assessed using Chi‑square or Fisher’s 
exact tests as applicable. In order to determine the cut‑off  value 
of  NLR, ROC (receiver operating characteristics) curve analysis 
was used. Statistical significance was considered at P < 0.05.

Ethical Statement:
The study received ethical approval from the research ethics 
committee of  Himalayan Institute of  Medical Sciences, Swami 
Rama Himalayan University, Dehradun on 8-April-2022, Ref  no: 
SRHU/HIMS/RC/2022/109.

Results

Of the 225 patients, 66.2% (n = 149) were males. 28.8% (n = 65) 
patients had tubercular pneumonia; 160 (71.1%) patients were 
categorised as non‑tubercular pneumonia, 90 (56.2%) were bacterial 
pneumonias, and 69 (43.1%) COVID pneumonias. Duration of  
fever was greater in the tubercular group than in the non‑tubercular 
group (9.8 ± 8 days vs 7.51 + 1.89 days; P < 0.001). Likewise, 
productive cough (7.68 + 5 days vs 1.0 + 0.89 days; P < 0.0001), 
weight loss (35 vs. 2; P < 0.0001), and haemoptysis (2 vs. 0; 
P < 0.0263) were significantly different between the two groups.

A comparison of  the demographic, clinical, and laboratory 
parameters is shown in Table 1. The tubercular group exhibited 
an upper and middle zone preponderance of  radiological 
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findings, while the non-tubercular group exhibited no such 
specification. While consolidation and/or pleural effusion were 
the common findings in bacterial pneumonia, ground glass 
opacities and interstitial pneumonias dominated the viral group 
on chest radiograph and computed tomograms. Consolidation 
with or without effusions dominated the radiological findings 
of  the non‑tubercular group. Radiograms in the tubercular 
group exhibited single lung consolidation (64.3%), fibrocystic 
changes (16%), pleural effusions (16.9%), and/or cavitation (8%); 
hydropneumothorax, collapse, and traction bronchiectasis 
were also observed in one patient each in addition to the 
consolidation [Figure 1].

The mean haemoglobin, MCV, MCH, platelets, and PCV 
differed significantly (P < 0.05) between the tubercular and 
non‑tubercular groups. Higher mean monocyte (P = 0.0033) and 
eosinophil (P = 0.0315) counts were associated with tubercular 
CAPs compared to the non‑tubercular CAP; however, the mean 
neutrophil and lymphocyte counts and the NLR were comparable 
in the two groups. Likewise, the NLR was comparable in the 
tubercular and non‑tubercular groups as well as in the bacterial 
and the viral subgroups [Figure 2].

Discussion

NLR is thought to reflect a balance between innate and 
adaptive immune responses with the ratio exhibiting a greater 
sensitivity over absolute values of  neutrophils and lymphocytes. 
Its utility has been observed in various inflammatory and 
non-inflammatory conditions.[19,20]

A high NLR has the ability to predict all‑cause mortality at 28 days 
in patients with sepsis.[12,21] A composite of  age, NLR, and delta 
neutrophil index was utilised as a reliable indicator to segregate 
septic patients in emergency settings.[22] Though the ratio has 
limited utility in determining the focus of  sepsis, its effectiveness 
in identifying sepsis as an aetiology has been remarkable.

Table 1: Demographic and haematological parameters 
between non‑tubercular and tubercular CAP

Name Non‑Tubercular 
(n=160)

Tubercular 
(n=65)

P

Age (years) 53.10±17.22 46.78±18.62 0.0156
Duration of  fever (days) 7.51 19.75 <0.0001
Duration of  cough (days) 6.11 18.08 <0.0001
Gender‑ Male/Female 105/55 44/21 0.0765
Hemoglobin (gm/dl) 11.85±2.3 11.15±2.2 0.039
Platelet count (×103/cumm) 290.79±169.2 368.94±185.9 0.002
MCV (femtolitres) 85.00±9.49 82.15±11.15 0.053
MCH (picograms/cell) 27.69±4.00 26.35±4.81 0.033
PCV (%) 35.97±6.48 33.86±6.32 0.026
Neutrophils (%) 79.5±10.7 77.60±9.90 0.022
Lymphocytes (%) 12.73±8.27 12.14±6.89 0.061
Monocyte count (%) 6.38±3.19 7.74±2.91 0.003
Eosinophil count (%) 0.92±1.75 1.50±1.98 0.031
Basophils (%) 0.32±0.34 0.25±0.30

Its utility in the primary care setting is most pronounced in 
cases of  community‑acquired pneumonia where it can predict 
cases requiring hospitalisation.[23] Additionally, NLR has been 
studied for its diagnostic potential as well in CAP. Mean 
NLR has been significantly lower in those with tubercular as 
compared to non‑tubercular CAPs.[17,24,25] Moreover, mean NLR 
has been found to be significantly lower in tuberculosis-related 
pleural effusion compared to malignant, para‑pneumonic, and 
para‑malignant effusions (P = 0.001, P = 0.001, P = 0.012, 
respectively).[26] A positive association between NLR and TB 
was observed in a study on NLR and granulomatous diseases, 
sarcoidosis and TB.[27,28] Hence, overwhelming evidence exists in 
favour of  NLR and TB.

In contrast, we failed to find a significant difference between the 
tubercular patients and non‑tubercular patients in terms of  the 
mean neutrophil (P = 0.221) and lymphocyte counts (P = 0.612) 
as suggested by above‑mentioned studies. The most appropriate 
cut‑off  of  NLR of  7.01 had a low sensitivity (55.4%) and 
specificity (45.6%).

This disparity appears to be the result of  the unprecedented 
situation of  the COVID pandemic and the rampant use of  
steroids in almost all patients with respiratory symptoms and/or 
fever during the course of  this study. However, serendipitously, 
this revealed a limitation of  the marker. Glucocorticoids exert 
pleiotropic effects on leucocyte subsets that include depleting 
lymphocyte populations. This occurs due to the exhaustion of  
lymph node reserves by pro‑apoptotic effects through gene 
modulation and by direct cytotoxicity in high doses. Additionally, 
cell adhesion and margination may be affected, and impaired 
migration to the site of  inflammation may under‑estimate 
lymphocytes in the bloodstream as well. This effect is most 
pronounced 4–6 hours post administration, but prolonged 
suppression occurs for at least 2 weeks.[29,30]

Neutrophils are generally resistant to glucocorticoid‑induced 
apoptosis due to complex transcription regulation mechanisms. 
Additionally, glucocorticoids promote maturation and mobilisation 
of  neutrophils from the bone marrow into circulation.[31‑33] 
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Figure 1: Radiographic findings in CAP
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Glucocorticoids further modulate the expression and inhibition 
of  pro- and anti-inflammatory genes in neutrophils, causing a 
net outcome of  a pro-inflammatory state most pronounced in 
pulmonary diseases as observed by Langereis et al.[34]

These effects may be further influenced by micro-environment 
and pronounced in cases of  hypoxia. As the study was 
conducted during the pandemic when corticosteroids were 
used indiscriminately, the same could have influenced the 
outcome seen by our study. Moreover, NLR was promoted as a 
reliable marker of  severity and prognosis during the COVID-19 
pandemic; however, the reliability was questionable post 
treatment initiation in most patients.[35]

The impact of  steroid use across the board in CAPs during the 
pandemic, combined with the immune dysregulation observed in 
COVID-19 pneumonias, explains why our results were discordant. 
Significantly higher mean monocyte counts observed in those 
with tubercular CAP compared to the non‑tubercular patients 
may be related to their involvement in anti‑mycobacterial defence. 
A low mean eosinophil count in the non‑tubercular group may be 
secondary to the association of  eosinopenia with bacterial sepsis.[36]

Ayuningtyas et al.[37] have recently published similar findings in a 
comparative analysis between groups which had and had not been 
exposed to corticosteroids and have concurred that corticosteroid 
exposure can confound NLR, CRP, and LCR in patients starting 
from the 2nd up to the 14th day of  exposure, thus limiting the 
originally touted usefulness of  the marker.

The major limitations of  our study were the pandemic, rampant 
steroid use, and overwhelmed health services. All these factors 
contributed to a low sensitivity and specificity of  NLR in 
differentiating tubercular and non‑tubercular pneumonias. 
Nevertheless, the contradictory results flagged the impact of  
steroids on NLR.

It also brought forth pertinent questions like the minimum 
duration and/or dose of  steroid use affecting NLR, the duration 

after steroid use when NLR may be assessed again with credibility, 
and the safe corticosteroid in this context.

To summarise, NLR has been portrayed to be of  particular 
usefulness to the primary care physician as it can be the ideal 
point‑of‑care marker. However, the pandemic has revealed certain 
limitations, which cautions us to use it judiciously. Its usefulness in 
determining deteriorating patients has been well studied; however, 
in certain exceptional cases such as prior steroid exposure, the 
primary care physician must be aware of  its limitations.
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