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Abstract

Background: Sepsis remains a major cause of
mortality worldwide. Inflammatory biomarkers
such as the neutrophil-to-lymphocyte ratio
(NLR), C-reactive protein (CRP), and procalci-
tonin (PCT) have been proposed as predictors of
sepsis severity and outcomes.

Objectives: This study aimed to analyze the dy-
namics of NLR, CRP, and PCT clearance in re-
lation to mortality risk in intensive care unit
(ICU) patients diagnosed with sepsis.

Methods: This retrospective cohort study in-
cluded 64 septic patients admitted to the ICU of
Dr. Wahidin Sudirohusodo Hospital from Au-

Introduction

Sepsis is characterized by suspected or confirmed
infection accompanied by clinical and laboratory
evidence of organ dysfunction (based on the Se-
quential Organ Failure Assessment [SOFA] score),
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gust to October 2024. Clinical and laboratory
data were collected on days 1 and 5. Patients
were classified into survivor and non-survivor
groups.

Results: NLR and PCT values were significantly
higher in non-survivors (p<0.05). CRP levels did
not differ significantly. Logistic regression
showed that NLR and PCT clearance on day 5
were independently associated with increased
mortality risk (p<0.05).

Conclusion: NLR and PCT may serve as useful
biomarkers for mortality prediction in ICU pa-
tients with sepsis. Monitoring their dynamics can
help guide clinical decision-making.

as a result of an immune response to infection. Sep-
sis triggers a systemic cytokine-chemokine re-
sponse, leading to extensive immune activation and
dysfunction, which can manifest as neutrophilia and
lymphopenia. (1) In 2017, there were 48.9 million
sepsis cases and 11 million sepsis-related deaths
worldwide. (2) It is estimated that 2.9 million deaths
occur globally each year due to sepsis, 44% of
which occur in children under five years old, with
one-fourth caused by neonatal sepsis. (3) According
to Batara et al. (2018), the incidence of sepsis in In-
donesia remains high, at approximately 30.29%,
with a mortality rate ranging from 11.56% to 49%.
4

Acute inflammation, such as infection (sepsis),
causes the liver to produce C-reactive protein
(CRP), a protein that belongs to the pentraxin fam-
ily. CRP plays a key role in complement system ac-
tivation via the C1 complex and is considered a ma-
jor defense mechanism in humans. CRP is an acute-
phase reactant and a sensitive biomarker of sepsis.
Its blood concentration rises within 2 hours of
symptom onset and peaks within 48 hours. (5,6) Ac-
cording to the Surviving Sepsis Campaign (SSC)
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Guidelines 2016, sepsis is defined as life-threaten-
ing organ dysfunction caused by a dysregulated host
response to infection. Clinically, this is described as
a SOFA score increase of >2 points, associated with
an in-hospital mortality risk of >10%; a SOFA score
<9 is associated with a 35% risk of death. (5)

The neutrophil-to-lymphocyte ratio (NLR) reflects
the patient's response to inflammatory injury, based
on the physiological relationship between neutro-
phils and lymphocytes under systemic stress, such
as in sepsis. Neutrophils are key innate immune
cells that rapidly respond to microbial infections
and produce high levels of cytokines. Conversely,
lymphopenia is a hallmark of sepsis-induced immu-
nosuppression (Drewry et al., 2014). Therefore,
NLR is considered a subtle and sensitive marker of
inflammation, as it is affected by only minor
changes in its numerator and denominator. (7)
Changes in procalcitonin (PCT) levels have been
suggested by several studies as a marker of bacterial
infection. Numerous studies confirm that PCT-
guided antibiotic de-escalation can reduce antibiotic
duration and dosage without increasing complica-
tions. (8) PCT’s usefulness lies in its specificity and
sensitivity in identifying bacterial-related inflam-
mation. (9) High and sustained PCT levels in ICU
patients have been linked to increased mortality.
This study aimed to analyze the relationship be-
tween inflammatory biomarkers (NLR, CRP, and
PCT clearance) and mortality in ICU patients with
sepsis.

Methods

This research was an analytical observational study
with a cross-sectional design. The study was con-
ducted by measuring CRP, NLR, and PCT levels in
septic patients treated in the ICU of Dr. Wahidin Su-
dirohusodo General Hospital, Makassar, from Au-
gust to October 2024,

The study population included septic patients who
met the inclusion criteria and were admitted to the
ICU of Dr. Wahidin Sudirohusodo Hospital. The in-
clusion criteria were patients newly admitted to the
ICU with a diagnosis of sepsis, aged >18 years, who
had CRP, NLR, and PCT tests conducted, and who
consented to participate. Exclusion criteria in-
cluded: absence of CRP and PCT tests within 24
hours after clinical diagnosis of sepsis, patients un-
dergoing or with a history of chemotherapy, and
those with hematologic malignancies.

The procedure involved consecutively selecting eli-
gible samples. Each subject was informed about the
study's objectives and benefits and signed an in-
formed consent form. Demographic data, age, gen-
der, and diagnosis were collected, followed by clin-
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ical examinations and vital sign measurements. Sep-
sis diagnosis was determined, and venous blood
samples were collected at ICU admission, 24 hours
later, on day 3, and on day 5. These were tested for
complete blood count (to obtain NLR), CRP, and
PCT levels. Patient mortality in the ICU was rec-
orded, and data were analyzed.

Results

A total of 32 septic patients were included, with an
average age of 51.9 years. Most patients were under
65 years (81.2%), female (56.2%), had dysfunction
of one organ (65.6%), and the most common comor-
bidity was hypertension (18.8%). Outcomes showed
that 65% survived and 35% died (Table 1).

Neutrophil-lymphocyte ratio

The average NLR upon ICU admission was
16.26£14.70, increased on day 3 to 31.93%£83.01,
and decreased on day 5 to 21.09+41.23 (Table 2).
These changes were not statistically significant
(p=0.088).

C-reactive protein

CRP decreased from 177.29+£118.08 on day 1 to
124.32+119.32 on day 5, which was statistically sig-
nificant (p=0.013) (Table 3).

Procalcitonin
PCT decreased significantly from 26.47+31.07 on
day 1to 21.05+63.21 on day 5 (p=0.001) (Table 4).

Positive regression coefficients (B) indicated that
increased NLR and PCT were associated with
higher mortality, while decreased CRP was also
linked to increased mortality. However, based on
Wald statistics and p-values, these associations
were not statistically significant (p>0.05) (Table 5).
The proportion of changes in the dynamics of in-
flammatory biomarkers in ICU patients based on
measurements up to day 5 is shown in Figure 1.

Discussion

Sepsis is generally triggered by a dysregulated host
response to infection and manifests as acute organ
dysfunction resulting from an abnormal immune re-
sponse. (10) Previous studies have shown that the
development, progression, and prognosis of sepsis
are closely related to the inflammatory response and
the immune status of the patient. (11,12) As is well
known, neutrophils play a critical role in innate im-
munity as the first line of defense, providing rapid
sensing and elimination of pathogens. Lympho-
cytes, on the other hand, are essential components
of adaptive immunity, offering a broader and more
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specific repertoire for antigen recognition. Hence,
the NLR reflects the balance between innate and
adaptive immunity. Moreover, NLR is an easily ac-
cessible biomarker obtained from a complete blood
count and has been reported to be associated with
various conditions such as inflammation, cerebral
infarction, cancer, and trauma. (13—15)

The association between NLR and sepsis shows that
leukocytosis and lymphopenia are characteristic
features of severe sepsis. NLR has been widely used
as an early detection marker and diagnostic indica-
tor for sepsis and is considered more effective than
conventional inflammatory markers. (16—18) Two
key inflammatory cytokines involved in apoptosis
and capable of causing cell lysis —PCT and CRP—
increase significantly during bacterial infections.
(19) PCT, a 116-amino acid glycoprotein precursor
of calcitonin, significantly increases during bacte-
rial infection but rarely during viral infections, mak-
ing it a sensitive marker for distinguishing bacterial
and viral infections. (20)

CRP is an acute-phase protein mainly synthesized
and secreted by the liver, which can increase hun-
dreds to thousands of times its normal level within
8-12 hours after microbial invasion or inflamma-
tory stimulation. It gradually returns to baseline fol-
lowing adequate treatment, reflecting the infection's
severity to some extent. (21)

Our study was consistent with previous retrospec-
tive studies, showing that NLR and PCT levels were
significantly higher in non-survivors than in survi-
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vors (p<0.01), whereas CRP levels did not differ
significantly between the two groups. (22) This sug-
gests that NLR and PCT may serve as potential
prognostic markers in sepsis, offering an effective
stratification tool to assess disease severity and pre-
dict outcomes. However, CRP, despite being a ma-
jor acute-phase protein, did not show a significant
correlation with disease severity. (23-26)

A study by Mierzchala-Pasierb et al. found no sig-
nificant differences in CRP levels across subgroups
classified by disease severity. This may be at-
tributed to the fact that CRP peaks 24—48 hours after
the onset of infection or tissue injury, limiting its
timeliness. (27-29)

This study had several limitations. First, the sample
size was relatively small, increasing the risk of se-
lection bias. Second, the pathophysiological mech-
anisms leading to death in septic patients, such as
the hemodynamic effects, were not explored in this
study.

Conclusion

Inflammatory biomarkers such as NLR, CRP, and
PCT can provide insight into the mortality risk of
septic patients. An increase in NLR and PCT levels
over five days may enhance the ability to predict
mortality in septic patients, while a decline in CRP
on day 5 was observed in those who died. These in-
flammatory markers can serve as practical tools to
assess disease severity and prognosis in critically ill
septic patients.
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Table 1. Sample characteristics

Variable n %

Gender

- Female 18 56.2

- Male 14 43.8

Number of organ dysfunction

- 1 organ 21 65.6

- 2 organs 8 25

- 3 organs 3 9.4

Comorbidities

- Diabetes mellitus 3 9.4

- Hypertension 6 18.8

- Diabetes mellitus + hypertension 2 6.3

- Diabetes mellitus + malignancy 2 6.3

- Malignancy 4 12.5

- Tuberculosis + malignancy 1 3.2

- None 14 43.5

Patient outcome

- Survived 21 65

- Died 11 35
Table 2. NLR differences over time

Variable n Min Max Mean SD p-value
NLR day 1 32 1.51 74.69 16.26 14.70 0.148
NLR day 3 32 4.39 481.00 31.93 83.01

NLR day 5 32 3.36 243.00 21.09 41.23
Legend: NLR=neutrophil-to-lymphocyte ratio; SD=standard deviation.
Table 3. CRP differences over time

Variable n Min Max Mean SD p-value
CRP day 1 32 0.21 474.00 177.29 118.08 0.013
CRP day 5 32 4.40 500.00 124.32 119.32

Legend: CRP=C-reactive protein; SD=standard deviation.
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Table 4. PCT differences over time

Variable n Min Max Mean SD p-value

PCT day 1 32 0.18 141.37 26.47 31.07 0.001

PCT day 5 32 0.03 351.37 21.05 63.21
Legend: PCT=procalcitonin; SD=standard deviation.

Table 5. Regression analysis of NLR, CRP, and PCT on mortality

Variable B Standard error Beta t Significance
NLR change .004 .003 295 1.602 120

PCT change -.001 .002 -.082 -450 .656

CRP change .000 .001 .109 578 568

Legend: NLR=neutrophil-to-lymphocyte ratio; CRP=C-reactive protein; PCT=procalcitonin.
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Figure 1. Differences in serum inflammatory marker levels on day 1, 3, and 5
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Legend: NLR=neutrophil-to-lymphocyte ratio; PCT=procalcitonin; CRP=C-reactive protein.

252 Crit Care Shock 2025 Vol. 28 No. 6



References

L.

10.

11.

12.

Heffernan DS, Monaghan SF, Thakkar RK,
Machan JT, Cioffi WG, Ayala A. Failure to
normalize lymphopenia following trauma is
associated with increased mortality, indepen-
dent of the leukocytosis pattern. Crit Care
2012;16:R12.

Rudd KE, Johnson SC, Agesa KM, Shackelford
KA, Tsoi D, Kievlan DR, et al. Global, regional,
and national sepsis incidence and mortality,
1990-2017: analysis for the Global Burden of
Disease Study. Lancet 2020;395:200—11.
Yustika G, Jalaluddin S, Annisha HF. Analisis
parameter leukosit dalam diagnosis awal sepsis
neonatorum awitan dini di RSIA Ananda
Makassar. Jurnal Ilmiah Kesehatan 2020;13:
204-14.

Batara M, Darmawati S, Prastiyanto ME.
Keanekaragaman dan Pola Resistensi Bakteri
pada Pasien yang Terdiagnosa Sepsis. Jurnal
Labora Medika 2018;2:1-5.

Anush MM, Ashok VK, Sarma RI, Pillai SK.
Role of C-reactive protein as an indicator for
determining the outcome of sepsis. Indian J Crit
Care Med 2019;23:11-4.

Singh B, Goyal A, Patel BC. C-Reactive
Protein: Clinical Relevance and Interpretation.
Treasure Island (FL): StatPearls Publishing;
2020 [cited 2025 Jul 18]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK441
843/

Drewry AM, Samra N, Skrupky LP, Fuller BM,
Compton SM, Hotchkiss RS. Persistent
lymphopenia after diagnosis of sepsis predicts
mortality. Shock 2014;42:383-91.

Ho KM, Kalgudi S, Corbett J-M, Litton E. Gut
microbiota in surgical and critically ill patients.
Anaesth Intensive Care 2020;48:179-95.

Otani S, Chihade DB, Coopersmith CM.
Critical illness and the role of the microbiome.
Acute Med Surg 2018;6:91-4.

Pierrakos C, Velissaris D, Bisdorff M, Marshall
JC, Vincent J-L. Biomarkers of sepsis: time for
a reappraisal. Crit Care 2020;24:287.

Chou EH, Mann S, Hsu T-C, Hsu W-T, Liu CC-
Y, Bhakta T, et al. Incidence, trends, and out-
comes of infection sites among hospitalizations
of sepsis: a nationwide study. PLoS One 2020;
15:€0227752.

Lenglet A, Schuurmans J, Ariti C, Borgundvaag
E, Charles K, Badjo C, et al. Rectal screening
displays high negative predictive value for
bloodstream infection with (ESBL-producing)
Gram-negative bacteria in neonates with sus-

Crit Care Shock 2025 Vol. 28 No. 6

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

pected sepsis in a low-resource setting neonatal
care unit. J Glob Antimicrob Resist 2020;23:
102-7.

NiJ, Wang H, Li Y, Shu Y, Liu Y. Neutrophil
to lymphocyte ratio (NLR) as a prognostic
marker for in-hospital mortality of patients with
sepsis: A secondary analysis based on a single-
center, retrospective, cohort study. Medicine
(Baltimore) 2019;98:¢18029.

Bonilla FA, Oettgen HC. Adaptive immunity. J
Allergy Clin Immunol 2010;125:S33-40.
Tamelyté E, Vaicekauskien¢ G, Dagys A, La-
pinskas T, Jankauskait¢ L. Early Blood Bi-
omarkers to Improve Sepsis/Bacteremia Diag-
nostics in Pediatric Emergency Settings. Medic-
ina (Kaunas) 2019;55:99.

Root-Bernstein R. Innate receptor activation
patterns involving TLR and NLR synergisms in
COVID-19, ALIVARDS and sepsis cytokine
storms: a review and model making novel pre-
dictions and therapeutic suggestions. Int J] Mol
Sci 2021;22:2108.

Li T, Dong G, Zhang M, Xu Z, Hu Y, Xie B, et
al. Association of neutrophil-lymphocyte ratio
and the presence of neonatal sepsis. J Immunol
Res 2020;2020:7650713.

Lorente L, Martin MM, Ortiz-Lopez R, Alva-
rez-Castillo A, Ruiz C, Uribe L, et al. Associa-
tion between neutrophil-to-lymphocyte ratio in
the first seven days of sepsis and mortality.
Enferm Infecc Microbiol Clin (Engl Ed)
2020:S0213-005X(20)30405-5.

Papafilippou L, Claxton A, Dark P, Kostarelos
K, Hadjidemetriou M. Nanotools for sepsis di-
agnosis and treatment. Adv Healthc Mater
2021;10:¢2001378.

Stocker M, van Herk W, El Helou S, Dutta S,
Schuerman FABA, van den Tooren-de Groot
RK, et al. C-Reactive Protein, Procalcitonin,
and White Blood Count to Rule Out Neonatal
Early-onset Sepsis Within 36 Hours: A Second-
ary Analysis of the Neonatal Procalcitonin In-
tervention Study. Clin Infect Dis 2021;73:
€383-90.

Nurmi AM, Mustonen HK, Stenman U-H,
Seppénen HE, Haglund CH. Combining CRP
and CA19-9 in a novel prognostic score in pan-
creatic ductal adenocarcinoma. Sci Rep 2021;
11:781.

Liu S, Wang X, She F, Zhang W, Liu H, Zhao
X. Effects of Neutrophil-to-Lymphocyte Ratio
Combined With Interleukin-6 in Predicting 28-
Day Mortality in Patients With Sepsis. Front

253



23.

24.

25.

254

Immunol 2021;12:639735.

Liu Y, Zheng J, Zhang D, Jing L. Neutrophil-
lymphocyte ratio and plasma lactate predict 28-
day mortality in patients with sepsis. J Clin Lab
Anal 2019;33:¢22942.

Thao PTN, Tra TT, Son NT, Wada K. Reduc-
tion in the IL-6 level at 24 h after admission to
the intensive care unit is a survival predictor for
Vietnamese patients with sepsis and septic
shock: a prospective study. BMC Emerg Med
2018;18:39.

Song J, Park DW, Moon S, Cho H-J, Park JH,
Seok H, et al. Diagnostic and prognostic value
of interleukin-6, pentraxin 3, and procalcitonin
levels among sepsis and septic shock patients: a
prospective controlled study according to the
Sepsis-3 definitions. BMC Infect Dis 2019;

26.

27.

28.

29.

19:968.

Arora S, Singh P, Singh PM, Trikha A. Procal-
citonin Levels in Survivors and Nonsurvivors of
Sepsis: Systematic Review and Meta-Analysis.
Shock 2015;43:212-21.

Tamelyté E, Vaicekauskien¢ G, Dagys A, La-
pinskas T, Jankauskait¢ L. Early Blood Bi-
omarkers to Improve Sepsis/Bacteremia Diag-
nostics in Pediatric Emergency Settings. Medic-
ina (Kaunas) 2019;55:99.

Mierzchala-Pasierb M, Krzystek-Korpacka M,
Lesnik P, Adamik B, Placzkowska S, Serek P,
et al. Interleukin-18 serum levels in sepsis: Cor-
relation with disease severity and inflammatory
markers. Cytokine 2019;120:22-7.

Cho S-Y, Choi J-H. Biomarkers of sepsis. Infect
Chemother 2014;46:1-12.

Crit Care Shock 2025 Vol. 28 No. 6



	
	
	
	
	
	
	
	



