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Abstract: Background: Acute bacterial infections are common causes
of morbidity and hospitalization and require timely recognition for
appropriate clinical management. The neutrophil-to-lymphocyte ratio
(NLR), derived from routine complete blood count parameters, reflects
the balance between innate inflammatory activation and adaptive
immune response and may provide a useful marker for identifying
bacterial infection. Objectives: To determine the diagnostic utility of
the neutrophil-to-lymphocyte ratio in predicting acute bacterial
infections. Study Design & Setting: A prospective cross-sectional
diagnostic study was conducted in the Department of Department of
Pathology Bahria University Health Sciences, Karachi from February
2025 to July 2025. Methodology: A total of 120 patients presenting
with clinical features suggestive of acute infection were enrolled
through  consecutive sampling. Demographic and clinical
characteristics were recorded, and venous blood samples were
obtained at presentation. Complete blood count and differential
leukocyte counts were performed, and NLR was calculated by dividing
the absolute neutrophil count by the absolute lymphocyte count. The
final diagnosis of acute bacterial infection was established using
predefined clinical, laboratory, and microbiological criteria where
appropriate. Diagnostic performance of NLR was assessed using
sensitivity, specificity, predictive values, diagnostic accuracy, and
receiver operating characteristic (ROC) curve analysis. Results: Acute
bacterial infection was present in 72 (60.0%) participants, while 48
(40.0%) had no bacterial infection. Mean NLR was significantly
higher among participants with bacterial infection than those without
bacterial infection (7.1 + 4.3 vs. 3.5 + 2.5, p<0.001). At an NLR cut-
off of >4.0, sensitivity was 81.9%, specificity was 60.4%, positive
predictive value was 75.6%, negative predictive value was 69.0%, and
diagnostic accuracy was 73.3%. ROC analysis showed an AUC of
0.772 (95% ClI: 0.684-0.860; p<0.001), with an optimal NLR cut-off
of 4.2. Conclusion: NLR demonstrated significant discriminatory
ability for acute bacterial infections and provided moderate diagnostic
accuracy at an optimal cut-off of 4.2.
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INTRODUCTION

Acute bacterial infections are infectious conditions
caused by pathogenic bacteria that invade normally
sterile tissues or colonize susceptible body sites and
provoke an inflammatory host response. They may
involve the respiratory tract, urinary system,
bloodstream, skin and soft tissues, or other organs,
with clinical manifestations ranging from localized
illness to systemic infection and sepsis.1,2 Bacterial
infections arise through exposure to pathogenic
organisms from community or healthcare
environments, with transmission occurring through
respiratory droplets, contaminated food or water,
direct contact, wounds, invasive procedures, or
endogenous spread from colonized sites.3 The
responsible organisms include both Gram-positive
and Gram-negative bacteria, with Staphylococcus
aureus, Escherichia coli, Streptococcus pneumoniae,
Klebsiella pneumoniae, and Pseudomonas aeruginosa
among important contributors to severe disease.4

The global burden of bacterial disease remains
substantial. A systematic analysis of the Global
Burden of Disease Study estimated that 33 bacterial
pathogens were associated with approximately 7.7
million deaths worldwide in 2019, accounting for
13.6% of all global deaths and 56.2% of sepsis-related
deaths.5 The pathophysiological response to bacterial
infection involves activation of innate immunity,
recruitment of neutrophils, release of inflammatory
mediators, and subsequent activation of adaptive
immune mechanisms.6 Neutrophils constitute a
major early cellular defense against bacterial
pathogens through chemotaxis, phagocytosis,
production of reactive oxygen species, and release of
antimicrobial enzymes.7 In contrast, circulating
lymphocyte numbers may decline during acute
systemic inflammation because of stress-mediated
redistribution, apoptosis, and altered immune
regulation. The simultaneous rise in neutrophils and
reduction in lymphocytes therefore produces an
increased neutrophil-to-lymphocyte ratio (NLR),
reflecting the balance between innate inflammatory
activation and adaptive immune response.8

The NLR is calculated by dividing the absolute
neutrophil count by the absolute lymphocyte count
obtained from a routine complete blood count.
Because both components are readily available, the
ratio can be derived without specialized testing. Its
diagnostic performance has been investigated in
bacterial infections and bloodstream infection.9,10 A
systematic review and meta-analysis reported pooled
sensitivity of 72.3% and specificity of 59.6% for NLR
in detecting bacteraemia, with an area under the
summary receiver operating characteristic curve of

0.69. Thus, NLR represents a readily obtainable
hematological marker that reflects the inflammatory
changes accompanying acute bacterial infection and
can be assessed alongside established clinical and
laboratory findings.11

Acute bacterial infections are common causes of
morbidity and  hospitalization, while early
differentiation from non-bacterial inflammatory
conditions remains clinically challenging. Most
existing evidence originates from populations outside
Pakistan, and there is limited locally generated
evidence evaluating NLR specifically for identifying
acute bacterial infections. This study will provide
population-specific evidence on the diagnostic utility
of NLR, including its ability to distinguish patients
with acute bacterial infection according to the selected
diagnostic reference standard. The findings will add to
the existing literature by providing locally derived
diagnostic estimates and an NLR threshold that can
be evaluated against findings reported in previous
international studies.

METHODS

A prospective cross-sectional diagnostic study was
conducted at Department of Pathology Bahria
University Health Sciences, Karachi over a period of
six months from February 2025 to July 2025. A total
of 120 patients who fulfilled the predefined eligibility
criteria were enrolled through consecutive sampling.
Using the previously reported sensitivity of 72.3%
with a 95% confidence level and 10% absolute
precision, the calculated sample size was
approximately 78 patients. After allowing for
incomplete data and to provide adequate precision for
subgroup and ROC analysis, the final sample size was
increased to 120 patients.'?

Adult patients of either gender who presented with
clinical features suggestive of an acute infection, such
as fever, chills, productive cough, dysuria, localized
pain, purulent discharge, or other clinically suspected
infectious manifestations, were included. Patients
with known hematological malignancies, chronic
inflammatory or autoimmune diseases, active
malignancy, recent major surgery or trauma,
pregnancy, immunosuppressive therapy,
corticosteroid use, or conditions known to
substantially alter leukocyte counts were excluded.
Patients with incomplete laboratory or clinical data
were also excluded.

After obtaining written informed consent, relevant
demographic and clinical information was recorded
on a structured proforma. A venous blood sample was
obtained from each participant at presentation before
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initiation of antibiotic therapy, where -clinically
feasible. Complete blood count with differential
leukocyte count was performed using the hospital
laboratory's  standard automated hematology
analyzer. The absolute neutrophil and lymphocyte
counts were recorded from the differential leukocyte
count. The NLR was calculated by dividing the
absolute neutrophil count by the absolute lymphocyte
count. This approach was consistent with previous
diagnostic studies in which NLR was derived from
routinely available hematological parameters.

The presence of acute bacterial infection was
determined using the predefined clinical and
laboratory diagnostic criteria, supported where
appropriate by microbiological investigations such as
culture and sensitivity. Patients were categorized into
bacterial infection and non-bacterial/non-infectious
groups according to the final diagnostic assessment.
The primary outcome variable was the presence of an
acute bacterial infection, while NLR was the principal

RESULTS

predictor variable. Age, gender, presenting symptoms,
total leukocyte count, neutrophil count, lymphocyte
count, temperature, and relevant laboratory findings
were also recorded as secondary variables.

Data were entered and analyzed using SPSS version
25. Continuous variables were expressed as mean +
standard deviation or median with interquartile range
according to data distribution, whereas categorical
variables were presented as frequencies and
percentages. The NLR values between the study
groups were compared using an appropriate
independent-samples  statistical test. = Receiver
operating characteristic (ROC) curve analysis was
performed to assess the diagnostic ability of NLR for
identifying acute bacterial infection, and the area
under the curve (AUC), sensitivity, specificity,
positive predictive value, negative predictive value,
and optimal cut-off value were calculated. A p-value
of <0.05 was considered statistically significant.

The mean age of the study participants was 45.8 = 16.2 years. The largest proportion of participants was aged 31-50
years (46, 38.3%), followed by those aged 51-70 years (38, 31.7%), while 24 (20.0%) participants were aged <30 years
and 12 (10.0%) were aged >70 years. Males comprised 68 (56.7%) participants, whereas females comprised 52
(43.3%) participants, as shown in Table 1.

Table 1. Demographic characteristics of study participants (n=120)

Variable Category n (%) / Mean * SD
Age (years) | Mean £ SD | 45.8 £ 16.2
Age group | <30 years 24 (20.0)
31-50 years | 46 (38.3)
51-70 years | 38 (31.7)
>70 years 12 (10.0)
Gender Male 68 (56.7)
Female 52 (43.3)

Fever was the most frequently recorded clinical feature, present in 102 (85.0%) participants, followed by cough in 52
(43.3%), chills/rigors in 48 (40.0%), localized pain in 44 (36.7%), dysuria in 31 (25.8%), and purulent discharge in
27 (22.5%). Tachycardia was present in 58 (48.3%) participants. The mean total leukocyte count was 12.4 + 4.1
x10°/L, while the mean absolute neutrophil and lymphocyte counts were 8.9 + 3.5 x10°/L and 1.9 £ 0.8 x10°/L,
respectively. The mean NLR was 5.7 £ 4.1 and the mean CRP level was 58.6 = 46.8 mg/L, as given in Table 2.

Table 2. Clinical and laboratory characteristics of study participants (n=120)

Variable n (%) / Mean * SD
Fever 102 (85.0)
Chills/rigors 48 (40.0)
Cough 52 (43.3)
Dysuria 31 (25.8)
Localized pain 44 (36.7)
Purulent discharge 27 (22.5)
Tachycardia 58 (48.3)
Total leukocyte count (X10°/L) 124+£4.1
Absolute neutrophil count (x10°/L) | 8.9+ 3.5
Absolute lymphocyte count (x10°/L) | 1.9 £ 0.8
NLR 57141
CRP (mg/L) 58.6 £ 46.8

Among the 120 participants, acute bacterial infection was present in 72 (60.0%), whereas 48 (40.0%) participants did
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not have an acute bacterial infection according to the final diagnostic assessment, as shown in Table 3.

Table 3. Distribution of participants according to final diagnosis (n=120)

Variable Category | n (%)

Acute bacterial infection | Present 72 (60.0)
Absent 48 (40.0)

Total 120 (100.0)

Participants with acute bacterial infection had a higher mean total leukocyte count than those without bacterial
infection (14.1 £ 3.8 vs. 9.8 = 2.9 x10°/L, p<0.001). The mean absolute neutrophil count was also higher among
participants with bacterial infection (10.5 + 3.2 vs. 6.5 = 2.1 x10°/L, p<0.001), whereas the mean absolute
lymphocyte count was lower (1.6 £ 0.6 vs. 2.3 + 0.8 x10°/L, p<0.001). The mean NLR was significantly higher in
the bacterial infection group compared with the non-bacterial group (7.1 + 4.3 vs. 3.5 £ 2.5, p<0.001). Similarly,
mean CRP levels were higher among participants with bacterial infection (76.4 + 48.2 vs. 31.9 + 28.7 mg/L,
p<0.001), as given in Table 4.

Table 4. Comparison of hematological parameters according to bacterial infection status

Variable Bacterial infection | Bacterial infection | p-value
present (n=72) absent (n=48)
Mean * SD Mean + SD
Total leukocyte count (x10°/L) 14.1 + 3.8 9.812.9 <0.001
Absolute neutrophil count (x10°/L) | 10.5 + 3.2 6.5+2.1 <0.001
Absolute lymphocyte count (x10°/L) | 1.6 + 0.6 2.3x0.8 <0.001
NLR 7.1+4.3 35+2.5 <0.001
CRP (mg/L) 76.4 £ 48.2 31.9+28.7 <0.001

Using an NLR cut-off of >4.0, 59 (81.9%) of the 72 participants with acute bacterial infection had an NLR above the
cut-off, compared with 19 (39.6%) of the 48 participants without bacterial infection. An NLR of <4.0 was observed
in 13 (18.1%) participants with bacterial infection and 29 (60.4%) participants without bacterial infection. The
association between NLR category and bacterial infection status was statistically significant (p<0.001), as shown in

Table 5.

Table 5. Distribution of NLR according to bacterial infection status

Variable | Category | Bacterial infection | Bacterial infection | Total n (%)
present n (%) absent n (%)
NLR <4.0 13(18.1) 29 (60.4) 42 (35.0)
>4.0 59 (81.9) 19 (39.6) 78 (65.0)
Total 72 (100.0) 48 (100.0) 120 (100.0)
p-value <0.001

At an NLR cut-off of >4.0, the sensitivity was 81.9% and specificity was 60.4%. The positive predictive value was
75.6%, while the negative predictive value was 69.0%. The overall diagnostic accuracy was 73.3%. The positive and
negative likelihood ratios were 2.07 and 0.30, respectively, as given in Table 6.

Table 6. Diagnostic performance of NLR for prediction of acute bacterial infection at a cut-off of >4.0

Variable Value
Sensitivity 81.9
Specificity 60.4
Positive predictive value 75.6
Negative predictive value 69.0
Diagnostic accuracy 73.3
Positive likelihood ratio 2.07
Negative likelihood ratio 0.30

responses and may progress to serious complications
if not recognized promptly. They are caused by
diverse bacterial pathogens and commonly involve
the respiratory, urinary, gastrointestinal, skin, and
bloodstream systems.!* During bacterial infection,

DISCUSSION

infections are common clinical
that produce systemic inflammatory

Acute Dbacterial
conditions
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neutrophil activation increases while circulating
lymphocyte levels may decrease because of acute
inflammatory and stress responses. The neutrophil-to-
lymphocyte ratio (NLR) combines these two
hematological changes and can be calculated easily
from a routine complete blood count.'* The present
study evaluated NLR as a diagnostic marker for acute
bacterial infection using clinical and Ilaboratory
assessment as the reference standard.

In the present study, acute bacterial infection was
identified in 72 (60.0%) of 120 participants, while 48
(40.0%) had no bacterial infection. The mean NLR
was significantly higher among patients with bacterial
infection than those without bacterial infection (7.1 +
43 vs. 3.5 = 2.5, p<0.001), indicating a clear
difference in the inflammatory hematological profile
between the two groups. At an NLR cut-off of >4.0,
59 (81.9%) patients with bacterial infection had an
elevated ratio compared with 19 (39.6%) patients
without bacterial infection (p<0.001). The sensitivity,
specificity, positive predictive value, negative
predictive value, and diagnostic accuracy were 81.9%,
60.4%, 75.6%, 69.0%, and 73.3%, respectively, while
ROC analysis demonstrated an AUC of 0.772 (95%
CI: 0.684-0.860, p<0.001), with an optimal NLR cut-
off of 4.2.

Naess et al. (2017) similarly demonstrated that NLR
was significantly associated with the final diagnostic
category, with higher NLR values corresponding to a
greater probability of bacterial infection and lower
probability of viral infection. They further reported
that patients with septicemia had significantly higher
NLR values than patients with other bacterial
infections when fever had been present for less than
one week, whereas WBC count, neutrophil count, and
CRP did not significantly differentiate septicemia
from other bacterial infections. These findings were
consistent with our results, in which NLR was
significantly higher in the bacterial infection group
(7.1 £ 4.3 vs. 3.5 £ 2.5, p<0.001), supporting the
ability of NLR to reflect infection-related
inflammatory changes. The higher discriminatory
performance observed in our study, with an AUC of
0.772, also supports the diagnostic association
reported by Naess et al., although differences in
patient characteristics, infection spectrum, and
reference diagnostic criteria may account for variation
in diagnostic performance.

Jiang et al. (2019), in a systematic review and meta-
analysis of eight studies evaluating NLR for
bacteremia, reported a pooled sensitivity of 72.3%
(95% CI: 66.0-77.7%), specificity of 59.6% (95% CI:
55.6-63.4%), and summary AUC of 0.69 (95% CI:
0.65-0.73). Our study demonstrated a higher
sensitivity of 81.9% and a slightly higher specificity of
60.4%, while the AUC of 0.772 was also greater than

the pooled value of 0.69. Similarly, the diagnostic
accuracy in our study was 73.3%, suggesting
somewhat stronger discriminatory performance than
that observed in the pooled analysis. Nevertheless, the
specificity remained relatively modest and the positive
likelihood ratio was 2.07, which was compatible with
Jiang et al.'s conclusion that NLR was useful as an
accessible inflammatory marker but had limited
ability to independently establish bacterial infection.
The difference between the present findings and the
pooled estimates may have reflected differences in
study populations, infection types, disease severity,
and NLR thresholds.

Ding et al. (2020) evaluated 588 non-neutropenic
febrile patients with lung malignancy, including 311
with bacterial infection and 277 with tumor fever.
Their NLR showed significant discriminatory ability,
with an AUC of 0.792, which was very close to the
AUC of 0.772 observed in our study. The difference
between the two AUCs was only 0.020, indicating
broadly comparable discriminatory performance
despite differences in study populations. However,
Ding et al. reported superior diagnostic performance
for procalcitonin and CRP, with AUCs of 0.874 and
0.855, respectively, compared with 0.792 for NLR. In
our study, CRP was also significantly higher among
patients with bacterial infection than those without
infection (76.4 + 48.2 vs. 31.9 + 28.7 mg/L, p<0.001),
supporting the inflammatory distinction observed in
their study. However, because our primary diagnostic
analysis focused on NLR, direct comparison of
diagnostic AUCs between NLR and CRP was not
performed.

Noor et al. (2020) reported significant differences in
blood and baseline characteristics between their study
groups (p<0.001) and found that NLR, d-NLR, and
PLR had significant diagnostic associations and were
independently associated with disease severity. Their
ROC analysis demonstrated larger areas under the
curve for these hematological ratios, while binary
logistic  regression also showed significant
associations with severity (p<0.001). The present
findings were directionally consistent, as NLR
showed significant discriminatory ability for bacterial
infection, with an AUC of 0.772 (95% CI: 0.684—
0.860, p<0.001). However, the outcome assessed in
the Noor et al. study concerned disease severity,
whereas our primary outcome was the presence of
acute bacterial infection; therefore, the reported
diagnostic associations were not directly equivalent.

Ghouri et al. (2023), in a Pakistani cross-sectional
study of 123 adult patients with positive blood
cultures, reported a mean NLR of 5.9 £ 13.1, with
45.5% of participants having a high NLR. Their mean
CRP was 58.5 £ 68.7 mg/L. In our study, the overall
mean NLR was 5.7 = 4.1, which was remarkably close
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to the 5.9 reported by Ghouri et al., while the mean
CRP in our population was 58.6 + 46.8 mg/L, almost
identical to their reported 58.5 * 68.7 mg/L. This
close similarity in both NLR and CRP values supports
consistency between our findings and Pakistani
evidence. However, the populations differed because
Ghouri et al. included patients with positive blood
cultures, whereas our study included patients assessed
for acute bacterial infection using clinical, laboratory,
and microbiological criteria where appropriate.
Despite this difference, both studies demonstrated an
association between elevated NLR and bacterial
infection.

Anoun et al. (2024) conducted a prospective study
involving 164 adults with confirmed bacterial
infections and  non-infectious  inflammatory
conditions and reported a highly significant difference
in NLR between the groups (p<0.000001). ROC
analysis yielded an AUC of 0.72, with an optimal
NLR cut-off of 4.3. Our findings were closely aligned
with these results, as NLR had an AUC of 0.772 (95%
CI: 0.684-0.860; p<0.001) and an optimal cut-off of
4.2. The difference between the optimal cut-offs was
only 0.1, while the AUC in our study was 0.052
higher. Furthermore, our sensitivity of 81.9% and
specificity of 60.4%  demonstrated  useful
discriminatory performance at an NLR threshold
close to that identified by Anoun et al. The similarity
in cut-off values provides particularly strong
concordance between the two studies despite
differences in study setting and population.

Rizvi et al. (2025) reported significant differences in
NLR between malaria and dengue patients, with
malaria showing a higher mean NLR of 5.43 £ 4.56
compared with 2.72 = 2.52 in dengue patients
(p<0.001). A high NLR was observed in 58.2% of
malaria patients, whereas a low NLR predominated
in 84% of dengue patients (p<0.001). Although their
study did not specifically evaluate NLR for diagnosing
acute bacterial infection, the findings supported the
ability of NLR to discriminate between infectious
conditions with different inflammatory profiles. The
mean NLR of 5.43 + 4.56 reported by Rizvi et al. was
also close to the overall mean NLR of 5.7 = 4.1 in our
study. However, their comparison involved malaria
and dengue, whereas our study compared bacterial
infection with absence of bacterial infection; therefore,
the magnitude and direction of NLR differences
should be interpreted within the respective clinical
contexts.

STUDY LIMITATIONS

The study was conducted at a single tertiary care
hospital, which may limit the generalizability of the
findings to other healthcare settings. The relatively
small sample size of 120 participants may have limited
the precision of diagnostic estimates and subgroup

analysis. NLR can be influenced by several
inflammatory, physiological, and medication-related
factors, which may affect its diagnostic performance.

CONCLUSION

NLR was significantly higher among patients with
acute bacterial infections than among those without
bacterial infection. An NLR cut-off of >4.0
demonstrated 81.9% sensitivity and 60.4% specificity,
with an overall diagnostic accuracy of 73.3%.
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