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ABSTRACT

Background: Sepsis is a fatal condition with high treatment costs, early identification of sepsis
is mandatory to avoid lethal complications. The objective of this study was to compare the
predictive capabilities of platelets to lymphocytes ratio (PLR) and procalcitonin (PCT) in
determining the outcome of sepsis.

Methods: This study was a prospective cross-sectional study and fifty-four individuals diag-
nosed with sepsis were involved. The participants were between the ages of twenty-one and
sixty-five and had been admitted to ICU for more than twenty-four hours. The measurement of
whole blood count and PCT serum levels was conducted at time of diagnosis, as well as on days
three, seven, and fourteen following the onset of sepsis while SOFA score was conducted at
time of admission.

Results: There was important elevation in platelet to lymphocytes ratio value and PCT in non
survivors group compared to survivors group at day one, three, and seven of diagnosis of sepsis
(p value < 0.05), and day fourteen there were no data in non survivors group. The Sequential
Organ Failure Assessment (SOFA) score was found to be the most effective in mortality
prediction [area under the curve (AUC) =0.982] second effective was PCT (AUC =0.977) and
PLR was third (AUC = 0.945).

Conclusions: In adult patients diagnosed with sepsis PLR with cutoff value >228.89 demon-
strates efficacy as a reliable prognostic indicator for predicting outcomes in sepsis. Although
PLR may have a lower predictive power compared to PCT and SOFA score, it possesses the
advantage of being a readily available and cost-effective technology.
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1. Introduction Multiple studies have elucidated the benefits asso-
ciated with the precursor molecule of calcitonin, spe-
cifically PCT, as a biomarker for sepsis [7].

In recent years, there has been a growing body of
research indicating that platelets (PLT) and lympho-
cytes are significant contributors to the inflammatory
process. The platelet-to-lymphocyte ratio (PLR) has
attracted study interest as a potential biomarker of
inflammation in various disorders, including myocar-
dial infarction and acute kidney injury (AKI) [8-10].
Previous research suggests a possible association

between PLR and sepsis mortality. Platelet-to-

Sepsis is an expeditiously advancing, potentially fatal
condition. The precise evaluation of sepsis holds sig-
nificant importance in facilitating prompt administra-
tion of medicines and the elimination of the infection’s
origin [1]. The 2016 iteration of the sepsis guidelines,
known as Sepsis-3, has eliminated the inclusion of the
systemic inflammatory response syndrome (SIRS) con-
cept According to a scholarly source [2]. Despite the
implementation of intensive management strategies,
such as early goal directed therapy (EGDT), in emer-
gency department (ED) settings, the death rate asso-

ciated with sepsis has been documented to exceed
twenty percent to thirty percent [3,4].

A number of physicians have conducted research
on the importance of blood biomarkers, including
C-reactive protein, procalcitonin (PCT), and lactate, in
the early evaluation of sepsis and in predicting patient
outcomes [5,6].

lymphocyte ratio (PLR) is defined as the ratio of
absolute platelets count to absolute lymphocytes
count.

The aim of this prospective cross-sectional study
was to compare the PLR, the PCT level and the
SOFA score for Outcome prediction in patients
with Sepsis.
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2. Patients and methods

A total of fifty-four individuals with septic disease who
required a twenty four-hour or longer stay in the ICU
participated in this prospective cross-sectional study.
After receiving clearance from the Ethical Committee
of Tanta University Hospitals (clearance code: 34587/3/
21), the study ran from April 2021 to April 2022 under
the guise of NCT05399225 on clinical trials gov. The
patient or patient’s family member provided written
informed consent.

Patients who met the following exclusion criteria
were not eligible to participate: those who were preg-
nant, those who were actively bleeding, those who had
hematological diseases (including bone marrow dis-
eases) or collagen diseases, those who were taking
corticosteroids or immunosuppressive drugs, those
who required emergency surgery, those with acute
cerebrovascular or coronary syndrome, and those
who had received a blood or platelet transfusion.

All patients were categorized into two groups: non
survivors’ group included twenty-two patients and
survivors’ group included thirty-two patients.

Blood samples were taken from the arterial, periph-
eral vein or a central catheter for complete blood count
(CBC) evaluation, and PCT serum levels. This procedure
was done at diagnosis, three, seven and fourteen days
of sepsis. No storage was performed on CBC samples,
and results were reported within 1.5 hours. The Dirui
BCC-3600 cell counter was used for obtaining rough
cell count estimates. All samples were subjected to
a concomitant smear examination as well.
Hemoglobin (Hb), total leukocytic count (TLC), includ-
ing platelet count and lymphocytes percent were fol-
lowed up till discharge from hospital or death.

SOFA score values and PCT and their correlation
with changes in PLR, Delta changes of Procalcitonin
and platelet-to-lymphocyte ratio (PLR) and their effect
on patient mortality, Length of ICU and hospital stay
were recorded.

The primary outcome was twenty-eight days’ pre-
diction mortality. The secondary outcomes were
length of ICU stay, SOFA score and hospital day

2.1. Sample size

G*Power 3.1.9.2 (Universitat Kiel, Germany) was used to
determine the optimal sample size for the present pro-
spective cross-sectional study. The selection of fifty par-
ticipants as the research’s sample size was based on the
following factors: eighty percent research power, 0.05
alpha error, as reported in a previous investigation [11].

2.2. Statistical analysis

SPSS v26 (IBM Corp., Chicago, IL, USA) was used for the
statistical analysis. To determine if the data followed

a normal distribution, we utilized the Shapiro-Wilks
test using histograms. The unpaired Student t-test
was used to compare the two groups on the quantita-
tive parametric variables provided as standard devia-
tions (SDs) and averages. The Mann Whitney test was
used to analyze the non-parametric quantitative data
reported as a median and IQR. When applicable, the
Chi-square test or Fisher’s exact test was used to ana-
lyze qualitative variables provided as percentages and
frequencies. Survival curves were compared between
patients with ROCs and atypical and normal PLR were
calculated to see how well PLR may predict mortality.
The time amount spent in the overall hospitalization
time, PLR and ICU were all shown to be correlated
using the Spearman coefficient. To be statistically sig-
nificant, the p value has to be less than 0.05 with two
tails.

3. Results

Seventy-nine patients were evaluated for eligibility;
seventeen did not match the criteria, and eight families
declined to take part. The remaining fifty-four patients
were split into two groups (thirty-two individuals in the
survivors’ group and twenty-two out patients in the
non-survivors’ group). The data from all fifty-four indi-
viduals that were tracked and analysed statistically is
presented in Figure 1.

Gender, causes of infection and BMI showed no
statistically significant differences between the two
groups. The age and SOFA score were higher in the
non-survivors group compared to survivors’ group and
the difference was statistically significant (p < 0.001).
There was statistically significant increase in hospital
stay and ICU stay in survivors group compared to non-
survivors’ group. Table 1

There was statistically significant increase in lym-
phocytes and platelets count in survivors group com-
pared to non-survivors’ group at day one, three, and
seven of diagnosis of sepsis (p value <0.05), and day
fourteen there were no data in non-survivors' group.
There was statistically significant increase in PLR and
PCT value in non survivors group compared to survi-
vors’ group at day one, three, and seven of diagnosis of
sepsis (p value < 0.05), and day fourteen there were no
data in non-survivors’ group. Table 2

Regarding delta changes, there was a significant
elevation of lymphocytes and PLT in survivors group
in days three, seven and fourteen but there was sig-
nificant decline of lymphocytes and PLT in non survi-
vors group in days three and seven. There was
significant decrease of PLR and PCT in survivors
group in days three, seven and fourteen, but there
was a significant elevation of PCT in non survivors
group in days three and seven. There was non-
significant increase of PLR in non survivors group in
days three and seven (Table 3).
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Figure 1. The enrolled patients flowchart.

Survivors’ group
n=32

Table 1. Comparison between the two studied groups according to causes of infection,ICU stay, hospital stay, SOFA

score and demographic data in the studied groups.

Finding
Total Survivors Non survivors
(n = 54) (n=32) (n=22) P- value

Gender

Male 25 (46%) 14 (44%) 11 (50%) 0.651

Female 29 (54%) 18 (56%) 11 (50%)
Age (years) 50+ 9 7+ 47 54 + 10 0.003**
BMI (kg/m?) 30+6 29+6 30+6 0.653
Hospital stay 2-31 7-31 2-12 <0.0071**
Intra-abdominal infection 9(12) 5(13) 4 (14) FEp=1.0
Chest infection 12 (15) 7 (15) 5(15) 0.990
CN.S 8 (16) 5(13) 3(17) FEp=1.0
Surgical wound 18 (33) 10 (31) 8 (36) 0.695
Urinary tract infection(UTI) 4(7) 4 (18) 0 (0.0) FEp=0.137
Bed sores central line infection 3(6) 1(3) 2 (9 FEp=0.560
SOFA score 8+2 6+1 10+2 <0.001**
ICU stay 9+5 1M+5 6+4 0.003**

Data are presented as number (%) or mean + SD. BMI. Sofa score. ICU, C.N.S, P: p value for comparing between the two studied groups,
*statistically significant at p < 0.05**: Statistically significant at p < 0.001.

PLR at cut-off value > 229 can predict mortality with
sensitivity 86%, specificity 88%, and PPV 83% [area
under the curve (AUC) =0.945] (95% C.I: 0.890-0.999)
with p value < 0.001. PCT at cut-off value >9 ng/mL can
predict mortality with sensitivity 95%, specificity 91%,
PPV 88% and NPV 100% with area under the curve
0.977 and (95% C.I: 0.946-1.0) with p value <0.001.
SOFA score at cut-off value >7 can predict mortality
with sensitivity 100%, specificity 84%, PPV 82% and
NPV 100% with area under the curve 0.982and (95%
C.l: 0.957-1.007) with p value < 0.001. Delta change of
PLR at day 7 cut-off value is > 68 can predict mortality
with sensitivity 80%, specificity 91%, PPV 73% and NPV

94% (AUC=0.841) and (95% C.I: 0.642-1.039) with
p value < 0.001. Delta change of PCT at day 7 cut-off
value is >3.6 ng/mL can predict mortality with sensitiv-
ity 90%, specificity 97%, PPV 90% and NPV 97% (AUC =
0.978) and (95% C.I: 0.934-1.022) with p value < 0.001.
Figure 2

There is significant correlation between ICU and PLR
stay and hospital stay in survivor’s patients. Higher PLR
is associated with longer ICU stay and hospital stay at
diagnosis (p value < 0.001). Also, important correlation
between delta changes in ICU stay length and PLR and
hospital stay in survivor's patients. More elevate in
delta change in PLR is associated with lower ICU and
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Table 2. Values of PLT, PCT, PLR and lymphocytes in the studied groups.

Finding
Total Survivors Non survivors P-value

PLT count(*10%/uL)
(n=54) (n=32) (n=22)

1st day 146 + 44 166 + 25 117 £ 49 <0.001**
(n=47) (n=32) (n=15)

3 days 156 + 45 179 £ 22 107 £ 41 <0.001**
(n=42) (n=32) (n=10)

7 days 174 £ 58 200 + 33 90 + 36 <0.001**
(n=32) (n=32) (n=0)

14 days 204+ 31 204 + 31 -

Lymph count (pL)
(n = 54) (n=32) (n=22)

1st day 676 + 294 863 + 112 404 + 262 <0.001**
(n=47) (n=32) (n=15)

3 days 1411 £ 815 1926 + 374 346 + 175 <0.001**
(n=42) (n=32) (n=10)

7 days 2089 + 1140 2644 + 615 312+ 119 <0.001**
(n=32) (n=32) (n=0)

14 days 2798 + 436 2798 + 436 -

PCT (ng/mL)
(n =54) (n=32) (n=22)

1st day 11 +£10 4+3 21+38 <0.001**
(n=47) (n=32) (n=15)

3 days 8+9 2+1 216 <0.001**
(n=42) (n=32) (n=10)

7 days 6+11 04+04 25+5 <0.001**
(n=32) (n=32) (n=0)

14 days 03+0.2 03+0.2 - -

PLR
(n =54) (n=32) (n=22)

1* day 258 + 131 194 + 31 351 + 164 <0.001**
(n=47) (n=32) (n=15)

3 days 177 £ 143 97 + 22 343 + 144 <0.001**
(n=42) (n=32) (n=10)

7 days 142 £ 133 80+ 23 341 + 146 <0.001**
(n=32) (n=32) (n=0)

14 days 75+ 17 75+ 17 -

Data are demonstrated as mean + SD. PLT, PCT. PLR *statistically significant at p < 0.05**: Statistically
significant at p < 0.001.: p value for comparing between the two studied groups.

hospital stay at day three, seven and day fourteen
(p value < 0.001) (Table 4).

There is significant correlation between PLR and
SOFA score between the two groups in prediction of
mortality (p value <0.001) but no significant correla-
tion between PLR and PCT in prediction of mortality in
the studied groups. There is a significant correlation
between delta change in PLR and in PCT at day 7
(p value < 0.001) (Table 5).

3.1. Discussion

Sepsis is well recognized as a pervasive worldwide
health issue that exerts substantial economic
ramifications.

The PLR is a quantitative measure that is deter-
mined by dividing the absolute platelet count by the
absolute lymphocyte count. The utilization of PCT has
been subject to comprehensive investigation with
regards to its application in the diagnosis, prognostica-
tion of outcomes, and facilitation of antibiotic treat-
ment in cases of sepsis [18,19].

In the present study the PLT count showed
a statistically significant decline in non-survivors
group compared to survivors’ group at day one,

three, and seven after diagnosis of sepsis and in day
fourteen there were no data in non survivors group,
and PLT delta change which is the variance of values of
PLT count in days three, seven and fourteen and 7t
day showed significant elevation in survivors and sig-
nificant decrease in non survivors group. Wang D et al.
[17] reported similar findings in the large retrospective
cohort study on 16,401 participants and found that
decline in PLT count was significantly associated with
a 28-day risk of death from sepsis.

In this study lymphocytes count demonstrated sta-
tistically significant decline in non-survivors group
compared to survivors group at day one, three, and
seven of sepsis diagnosis and in day fourteen there
were no data in non survivors group, and delta change
of lymphocytes count which is the variance of values of
lymphocytes count in days three, seven and fourteen
and 1°* day showed significant elevation in survivors
and significant decrease in non survivors group. Our
findings are in the line with Li Q et al. [16] who carried
aresearch in a general ICU on 1245 patients with septic
shock and found that increased lymphocyte counts
were associated with lower 28day mortality.

In this research PLR showed statistically significant
increase in non-survivors group compared to the
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1st day 3 days 7 days 14 days
PLT count(*10°/uL)
(n=32) (n=32) (n=32) (n=32)
Survivors 166 + 25 179 + 22 200 + 33 204 + 31
t (p) - t=3.625, p=0.001** t=5.433, p<0.001** t=6.147, p<0.001**
Delta change - t13+£20 t34+35 t37+34
(n=22) (n=15) (n=10) (n=0)
Non survivors 116 = 49 107 = 41 90 + 36 -
t (p) - t=4.648, p<0.001** t=3.067, p=0.013** -
Delta change - 121+18 138+39 -
Lymph count(pL)
(n=32) (n=32) (n=32) (n=32)
Survivors 863 £ 112 1926 + 374 2644 £ 615 2798 + 436
Z (p) 7=4.861, p<0.001** 7=4.937, p<0.001** 7=4.938, p<0.001**
Delta change 11063 + 381 t 1781 + 627 11935 + 444
(n =22) (n=15) (n=10) (n=0)
Non survivors 404 £ 262 346 £ 175 287 £ 125 -
Z (p) - 7=2.613, p=0.009** 7=2.293, p=0.022* -
Delta change - 1138 £ 170 1209 + 231 -
PCT (ng/mL)
(n=32) (n=32) (n=32) (n=32)
Survivors 4+3 2+15 04+04 03+0.2
Z(p) - 7=4.939, p<0.001** 7=4.937, p<0.001** 7=4.937, p<0.001**
Delta change - 1242 14+3 14+3
(n=22) (n=15) (n=10) (n=10)
Non survivors 21+8 21+6 25+5 -
Z(p) - 7=2.726, p=0.006* 7=2.803, p=0.005* -
Delta change - t3+4 tot4 -
PLR
(n=32) (n=32) (n=32) (n=32)
Survivors 194 + 31 97 + 22 80 + 23 75+ 17
Z (p) - 7=4.860, p<0.001** 7=4.937, p<0.001** 7=4.937%, p<0.001**
Delta change - 198 +39 1114 +£43 1120+ 37
(n=22) (n=15) (n=10) (n=0)
Non survivors 351 + 164 343 + 144 341 + 146 -
Z (p) - 7=1.761, p=0.078 7=0.561, p=0.575 -
Delta change - t 25+ 218 t17 £137 -

Data are demonstrated as mean + SD. PLT. PCT. PLR.: p value for comparing between at

-ISI

day and each other periods, Z: Wilcoxon

signed ranks test: p value for comparing between at diagnosis and each other periods, *statistically significant at p < 0.05%*:
Statistically significant at p < 0.001.
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Figure 2. ROC curve to predict mortality of A): PLR, PCT and SOFA score at diagnosis and B): change in PCT and PLR after 7 days.

survivors’ group at day one, three, and seven of sepsis
diagnosis and in day fourteen there were no data in
non survivors group. Our findings were in accordance
with Wang G et al. [13] who found that there is

a important elevate in PLR values in non survivors
groups compared to survivors group.

In contrary to our findings Biyikli E et al. [12] who
found that there were no important variances of PLR
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Table 4. Correlation between hospital stay, length ICU stay and PLR in survivors group.

ICU stay Hospital stay
PLT/Lymph ratio (n=32) rs p rs p
At diagnosis 0.618 <0.001** 0.525 0.002**
Delta change (reduction) from diagnosis
After three days 0.531 0.002** 0.507 0.004**
After seven days 0.447 0.010* 0.420 0.017*
After fourteen days 0.444 0.011* 0.417 0.018*

PLR, ICU. ry: Spearman coefficient, *statistically significant at p < 0.05**: Statistically significant at p < 0.001.

Table 5. Correlation between PLR with SOFA score and PCT as
a predictor of mortality and between delta change of PCT and
delta change of PLR at day 7 as a predictor of mortality.

rs

PLR (At diagnosis) p
SOFA score 0.504 0.017*
PCT 0.184 0.413
Delta change (After 7 days)
PCT
Survivors —-0.437 0.012*
Non survivors —-0.685 0.029*

Sofa score. PCT. PLR. ry: Spearman coefficient, *statistically significant at
p < 0.05**: Statistically significant at p < 0.001.

between non survivors and survivors and this can be
explained by different age group between our
research and this research as in his research included
patients aged more than sixty five years old.

In the present study demonstrated that the PLR can
predict mortality at a cutoff value > 228.89 with 86.36%
sensitivity, 87.50% specificity, 82.6% PPV, and 90.3%
NPV with AUC of 0.945 (95% C.I: 0.890-0.999). Our
findings were in agreement with Zhai G et al. [19]
who reported that elevation in PLR quartile positively
associated with mortality as PLR = 271.0 (OR, 95% ClI:
1.77, 1.39-2.25, p < 0.001) more than PLR < 271.0 (OR,
95% ClI: 1.51 (1.18-1.94), p < 0.001).

our results were in line with Rizal TS et al., 2020 [14]
who carried retrospective cross-sectional study on 91
patients with sepsis diagnosis and found that the PLR
cut off point value as a predictor of 28-day mortality in
septic patients was > 272.22 with a sensitivity of 84%,
specificity of 80.49% and an area under the ROC curve
(AUC) 89.1%.

As regards PCT, there was statistically significant
elevation in non-survivors group compared to survi-
vors' group at day one, three, and seven of sepsis
diagnosis and in day fourteen there were no data in
non survivors group. Our findings are similar to Li
X et al. [** who reported that the PCT concentration
over time was significantly decreased in survivors com-
pared to non-survivors groups.

In contrary to our findings Effendi B et al. [21] who
found that PCT has a poor performance in predicting
mortality in patients with sepsis due to Gram-negative
bacteria.

PCT can significantly predict mortality at cut-off
value >9.2 ng/mL with sensitivity 95.45%, specificity
90.6%, PPV 88.0% and NPV 100% with area under the
curve 0.977 and (95% C.I: 0.946-1.0) with p value <
0.001. Similar to our results Jain S et al. [22] constructed

ROC curves to evaluate PCT in predicting mortality,
and recorded that PCT can predict mortality with a cut-
off =7 ng/mL on day one.

We found a significant increase in non-survivors’ group
and significant decline in delta changes of PCT in survi-
vors. Our findings were in accordance with, Liu D et al. [15]
who found that PCT non-clearance are strongly asso-
ciated with all-cause of mortality in septic patients.

In contrary to our results Mangalesh S et al. [23] who
found that delta change of PCT values over 72 hours
were positive in non-survivors and negative in
survivors.

Furthermore, our research revealed that SOFA score
ranged from four to eight with a mean value of 6.13 +
1.1 In survivors’ group and ranged from eight to twelve
with an average value of 9.73 = 1.52 in non-survivors'
group. In comparison between both groups, there was
statistically significant increase in non-survivors group
compared to survivors’ group (p value < 0.001)

This result is similar to Tang Y et al. [24] who found
that SOFA score was 10.9 = 0.41 in non survivors which
was significantly higher than that of survivors group
2.75+0.05.

Moreover, in our study SOFA score at cut-off value
> 7 can predict mortality with sensitivity 100%, speci-
ficity 84%, PPV 81.5% and NPV 100% with area under
the curve 0.982and (95% C.I: 0.957-1.007) with p value
<0.001. This finding is similar to Efat A et al. [25] who
found that the SOFA score had a sensitivity of 91%,
specificity of 88%, and accuracy of 0.90 at a cutoff
value of > 8.5 for predicting mortality.

In the present study demonstrated that there was no
statistically significant variance between non survivors
and survivors groups regarding the infection causes. The
present findings are in the same line with Mangalesh
S et al. [23] who found that there was no statistically
significant difference between non survivors and non
survivors groups regarding the infection causes.

On the other hand, our findings are against Orak
M et al. [26] who found that there is a significant
difference between non survivors and survivors groups
regarding the infection causes.

In our results PCT was more effective than
Platelet to lymphocytes ratio with area under the
curve 0.977 compared with area under the curve
0.945 for PLR. In accordance to our results
Matsumura Y et al., (2014) [27] reported a similar
result in his prospective, observational study as



SOFA score area under the curve was 0.861 (0.796-
0.927) more than procalcitonin 0.830 (0.771-0.890).
In the present study demonstrated that there is
important link between PLR and ICU stay and hos-
pital stay in survivors patients. Higher PLR is asso-
ciated with longer ICU stay and hospital stay at
diagnosis. Similarly Zhai G et al. [19] who found
that increased PLR quartiles were associated with
prolonged the ICU stay length and hospital stay. In
contrast with our findings Tang Y et al. [23] who
found that there was a negative correlation
between PLR with length of hospital stay and ICU
stay this can be explained by including patients
other than septic patients in his research.

In the present study it is demonstrated that there is
important correlation between SOFA score and PLR
between the two groups in mortality prediction
(p value < 0.001), but no important correlation between
PCT and PLR in prediction of mortality in non survivors
group.

In accordance to our findings George AA et al. [28]
who reported that there is a positive correlation between
SOFA score and PLR as PLR > 200 showed an important
association with patients with SOFA score > 10.

Limitations: It was a single-centric study. Individual
therapeutic decisions for each patient have implica-
tions on outcomes that could not be investigated.
The research lacked bacterial culture data, such as
the positive culture percentage or the most common
bacteria and their resistance profile.

4. Conclusions

PLR demonstrates efficacy as a reliable prognostic indi-
cator for predicting outcomes in sepsis with cutoff
value >228.89. Although PLR may have a lower pre-
dictive power compared to PCT and SOFA score, it
possesses the advantage of being a readily available
and cost-effective technology.
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