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Abstract: The coronavirus (SARS-CoV-2) that causes Coronavirus disease 19 (COVID-19) has recently emerged as a
cause of severe infection in a considerable percentage of infected persons. Predicting the risk factors for severe disease
can greatly help manage critical cases and save lives. This study aimed to assess the prognostic value of the platelet-
lymphocyte ratio (PLR) and C-reactive protein (CRP) in patients with COVID-19. This cross-sectional study enrolled 160
confirmed cases with COVID-19 by real-time polymerase chain reaction. Demographic data (age, gender, smoking status,
body mass index (BMI)) and comorbidity were collected through direct interviews. Laboratory investigations, including total
leukocyte count, absolute neutrophil, lymphocyte, platelet count, serum level of C-reactive protein, and hemoglobin, were
obtained from the patient's records. The platelets-lymphocyte ratio was calculated by dividing absolute platelet count by
absolute lymphocyte count. According to their outcome, patients were categorized into two groups: those discharged well
and those who required intensive care unit (ICU) admission. Out of 160 included patients, 32 (20%) needed ICU admission
due to the deterioration of their status. Age (64.28+13.08 years versus 57.43+£13.15 years), hypertension (40.63% versus

20.31%) absolute neutrophil count (median =

12.9x10%ml, range 3.83-22.8x10%/ml versus median=6x10%ml, range

2.17-22.8%x10%/ml) and PLR ((median= 257.27, range= 62.72-1072 versus median= 191.54, range= 17.85-919.12) were
significantly higher in patients required ICU admission than those discharged well, and associated significantly with the
severity of the disease. Advanced age, hypertension, neutrophilia, and PLR at admission are predictors of severity and
need for ICU admission in patients with COVID-19. PLR is an inexpensive, easy-to-be-calculated parameter that can be

used routinely to predict the severity of COVID-19.
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|
Introduction

Coronavirus disease 2019 (COVID-19) is caused by
SARS-CoV-2 with a wide range of symptoms, from asymp-
tomatic to severe pneumonia and acute respiratory distress
syndrome (ARDS) or even severe symptoms of death'.
Immunological investigations have demonstrated that high
concentrations of proinflammatory cytokines (cytokine
storm) are the hallmark characteristic of severe COVID-19
cases. This unusual rise of cytokines associated with a
tremendous proinflammatory response leading to Multiple
Organ Dysfunction Syndrome (MODS) and ARDS, which
are the leading causes of death in patients with COVID-192.
Thus, theoretically, inflammatory markers could be used
to measure the severity and death risk of COVID-19 pa-
tients. Platelet-to-lymphocyte ratio (PLR) is a new marker
of inflammation, which is cheap and easily obtained from
resource-limited settings. This ratio has been used to diag-
nose various diseases, such as autoimmune diseases and
heart diseases®. Previous studies disclose that severe CO-
VID-19 patients had a rise in PLR at admission®. This propo-
ses the potential prognostic value of this ratio in COVID-19
patients, especially in poor settings. C-reactive protein is
a protein formed by the liver®. Usually, the serum level of
CRP is less than 10mg/L; however, it rises rapidly when
there is an inflammatory process. Its halflllife is about 19

hours®, and its concentration drops when the inflammatory
stages end. CRP preferably links to phosphocholine, which
is expressed on the surface of injured cells’. This linking
activates the classical complement pathway of the immu-
ne system. Therefore, CRP could be a valuable marker for
monitoring COVID-19 severity®. The present study aimed to
assess the prognostic value of PLR and CRP in patients
with COVID-19.

|
Materials and methods

Patients and Methods

This was a prospective cross-sectional study including
212 patients suspected of having an infection with SARS-
CoV-2 who were admitted and treated at Al-Shifaa Hos-
pital/ Baghdad from 1t May to 1% October 2020. Patients
were diagnosed after nasopharyngeal swab examination of
SARS-CoV-2 RNA by real-time polymerase chain reaction
(RT-PCR). Patients with asthma or COPD, and those with
known coagulopathies and autoimmune diseases, were ex-
cluded from the study. Thus, according to RT-PCR and ex-
clusion criteria, the eligible patients were 160 patients who
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represented the study population. The review board appro-
ved this study at the University of Mashreq. Written consent
from each participant was obtained before sample collection
after explaining the aim of the study. Each patient was given
the complete unconditioned choice to withdraw anytime.
The confidentiality of data throughout the study was gua-
ranteed, and the patients were assured that data would be
used for research purposes only. Socio-demographic and
clinical data, including age, sex, body mass index (BMI),
and smoking, were collected through direct interviews.

Sample Collection and Laboratory Investigations

Three mL of peripheral blood were collected from each
participant. A hematology auto-analyzer (Huroba ABX/India)
measured blood parameters. PLR was calculated by divi-
ding the absolute platelet count by the absolute lymphocyte.

Follow-up

Patients were followed up for one month after hospital
admission. The need for ICU admission or death was repor-
ted. Accordingly, patients were categorized into two groups:
those who were discharged well and those who required
ICU admission or died.

Statistical analysis

All statistical analyses were performed using SPSS
statistical software, version 25 (SPSS, IBM Company, Chi-
cago, USA). The normal distribution of continuous data
was tested with the Shapiro Wilk test. Normally distribu-
ted variables were presented as mean + SD and analyzed
with the Student t-test. Non-normally distributed variables
were presented as median and range and analyzed with a
nonparametric Mann Whitney U test. Categorical variables
were expressed as counts and percentages and analyzed
with the Chi-square test. Receiver operating characteristic
(ROC) curve analyses were used to evaluate the prognostic
value of PLR. A significant level of statistics was considered
for all tests when p<0.05.

|
Results

Demographic Characteristics of the Patients

The mean age of the patients was 61.05£12.57
years; among them were 96 males (60%). Smoking ha-
bit was encountered in 13.75% of the patients. The mean
BMI was 25.34+3.85 kg/m?. Hypertension was the most
common comorbidity affecting about a quarter of the pa-
tients (24.38%), followed by T2DM (22.5%). The mean
total WBC, neutrophil, lymphocyte and platelet count was
14.1£5.06x10%ml, 11.341£4.82x10%ml, 1.33+0.79%10%/ml
and 261.5£111.17x10%ml, respectively. Hemoglobin con-
centration ranged from 7.8-17.0 g/dl with a mean of 12.18
+1.5 g/dl. The mean PLR and CRP were 297.16+215.3 and
50.11+36.56 ng/ml, respectively (Table 1).

Outcomes

Out of 160 included patients, 32 patients (20%) requi-
red ICU admission and 8 patients (5%) of those died during
the follow-up period. The other 128 patients (80%) were dis-
charged well.

Association of Demographic Factors with the Outcome
Four demographic and clinical factors were significantly

Variables Values
Age, vears
Mean+SD 61.05£12.57
Range 35-85
Gender
Male 96(60%)
Female 64(40%)
Smoking
Never 138(86.25%)
Ex/current 22(13.75%)
BMI, kg/m?®
Mean+SD 25342385
Range 18.2-40.11
Comorbidities
Hypertension 39(24.38%)
T2DM 36(22.5%)
IHD 17(10.63%)
Malignancy 8(5%)
Total WBC count x10%ml
Mean+SD 14.1+£5.06
Range 30-298
Neutrophil count*10%/ml
Mean+5SD 11.34=4.82
Range 217-228
Lymphocyte countx10%ml
Mean+5SD 1.33+£0.79
Range 0.27-4.64

Platelet count*10%/ml

Mean+5D 261.5£111.17
Range 8§5.0-558.0
PLR
Mean+SD 297162153
Range 17.85-1072
Hb, g/dl
Mean+SD 12.18£1.5
Range 78-170
CRP, ng/ml
Mean+SD 50.11+36.56
Range 6.0-215.0

Table 1. Patients' characteristics and demographic data
(n=160). BMI: body mass index, WBC: white blood cells,
T2DM: type 2 diabetes mellitus, IHD: ischemic heart disea-
se, PLR: platelet- lymphocyte ratio, Hb: hemoglobin, CRP:
C-reactive protein.
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associated with ICU admission in patients with COVID-19.
The mean age of the ICU group was 64.28+13.08 years
which was higher than those discharged well (57.43+13.15
years), with a highly significant difference. The frequency
of hypertension in the ICU group and the well-discharged
group was 40.63% and 20.31%, respectively, with a signi-
ficant difference. The median neutrophil count in the ICU
group was 12.9x10%ml (range 3.83-22.8x10%ml) compared
with 11.6x10%/ml (range 2.17-22.8x10%/ml) in the well-dis-
charged group with a significant difference. Finally, ICU
group had significantly higher PLR than well-discharged
group (median= 257.27, range= 62.72-1072 versus me-
dian= 191.54, range= 17.85-919.12) as shown in table 2.

Prognostic Value of PLR

The receiver operating characteristic (ROC) curve was
used to evaluate the prognostic value of the platelet-lym-
phocyte ratio in COVID-19. The area under the curve (AUC)
was 0.617, 95%Cl= 0.510-0.725, p= 0.040. The sensitivity
and specificity of the test at cut-off values of PLR= 235.28
were 0.63 and 0.60, respectively (Figure 1).

|
Discussion

The present study aimed to assess the prognostic va-
lue of CRP and PLR in patients with COVID-19. According

Variables Well  discharged | Need ICU admission @ p-value
(n=128) (n=32)

Age, years 57.43=13.15 64.28+13.08 0.009+

Gender
Male 54(42.19%) 10(31.25%) 0.259
Female 74(57.81%) 22(68.75%)

Smoking
Never 109(85.16%) 29(90.63%) 0.422
Ex/current 19(14.84%) 3(9.37%)

BMIL, kg/m’ 25.63=3.81 25.67=2.66 0.956

Comorbidities
Hypertension 26(20.31%) 13(40.63%) 0.017
T2DM 25(19.53%) 11(34.37%) 0.063 Table 2. Association of demo-

IHD 11(8.59%) 6(18.75%) 0.000 graphic factors with thg out-
come. BMI: body mass index,
Malignancy 7(5.47%) 1(3.13%) 0.581 WBC: white blood cells, T2DM:
Total WBC count %10%/ml type 2 diabetes mellitus, IHD:
. . ischemic heart disease, PLR:
Median 12.2 12.8 0.148% platelet- lymphocyte ratio, Hb:
Range 2.6-29.8 6.7-29.8 hemoglobin, CRP: C-reactive
rotein.

Neutrophil tx10%/ml P .
euirophtl countx28im 1 Student t-test, £ Mann Whit-
Median 11.6 12.9 0.012% ney test, Values were expressed
Range 217-22.8 3.83-22.8 as meanzSD unless indicated

otherwise.

Lymphocyte count=<10°/ml 0.058%

Median 1.29 0.97
Range 0.17-6.5 0.28-4.64

Platelet count=10°/ml
Median 249.5 239.5 0.238%1
Range 64.1-558.0 94.0-536.0

PLR
Median 191.54 257.27 0.040z%

Range 17.85-019.12 62.72-1072

Hb, g/dl 13.03=6.1 12.4+1.72 0.5467

CRP, ng/ml
Median 37 48.0 0.088%

Range 6.0-130 12.0-215.0




Luma Mahmood Edan, Laith H. Samein, Khalid S. Salih
Volume 7 / Issue 2 / 53 http://www.revistabionatura.com

1.0
0.8
E 0.6
2
]
‘@
o
v 04
AUC=0.617, 95%CI= 0.510-0.725
0.2 Sensitivity= 63%
Specifiicty= 60%
Cut off value= 235.28
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1. Receiver operating characteristic curve for PLR
in predicting worse outcomes in patients with COVID-19.

to the result of the study, 20% of patients needed ICU ad-
mission, among whom 5 patients (25%) died. These figures
are slightly lower than in the global context. In a large me-
ta-analysis including 646 studies with 24983 patients, Abate
et al.® demonstrated that 32% of the patients required ICU
admission, and the mortality rate among those was 39%.
The variation may explain this discrepancy in the demogra-
phic and clinical features of the patients, especially age and
the presence of comorbidities.

In the present study, advanced age, hypertension, leu-
kocytosis, ad admission were predictors for worse outco-
mes in COD-19 patients. Advanced age may be the most
risk factor confirmed as a predictor of mortality in different
studies worldwide. In a large Spanish cohort involving 2226
patients, the worse outcome for younger patients was 0.5
% for those below 40 years, 1.5 % for those 40—49 years,
and 3.8 % for those 50-59 years'. In another study, Lei
et al." investigate the outcome of 288 Chinese patients in
a retrospective study. The authors found that each 1-year
increase in age increases the chance of ICU admission
by 1.07-time. Although the pathophysiological mechanis-
ms are still not understood, they may be explained by the
dysfunction of the immune system with aging'. In addition,
a study reported that older age was related to defects in
T-cell and B-cell function and excess inflammation markers,
which could be detrimental to the control of viremia and
inflammation, aggravating morbidity and mortality in older
patients™. Also, in line with the present study about the role
of hypertension are many studies worldwide. Wang et al.'*
reported 138 COVID-19 patients hospitalized in Wuhan,
China: 31% had hypertension. Of those requiring ICU ad-
mission, 58% had hypertension compared with 22% who
did not. Guan et al.’® reported 1099 COVID-19 cases across
China: 15% of all patients had hypertension, including 24%
in severe cases and 13% in mild cases. Among patients ad-
mitted to an intensive care unit (ICU) who required tracheal
intubation or died, 36% had hypertension. This association
between hypertension and disease severity may be explai-
ned based on two facts: firstly, hypertension is associated
with more severe COVI-19. Supporting this fact are many
studies worldwide. In a cohort of 1389 patients, a history

of hypertension was more common among those who had
severe than non-severe COVID-19'6. Similarly, in a separa-
te cohort of 1590 hospitalized patients in China, underlying
hypertension was independently associated with severe
COVID-19".

There is no precise mechanism(s) that explains this
association between hypertension and the severity of CO-
VID-19. However, antihypertensive medications based on
Renin-Angiotensin-Aldosterone System (RAAS) inhibition,
such as angiotensin-converting enzyme (ACE) inhibitors
and angiotensin receptor blockers (ARBs), that use in the
treatment of hypertension can upregulate the expression of
ACE2 in the kidney tubules'®. Therefore, they could hypo-
thetically increase the virus's targeting of some vital organs
like kidneys. This explains why hypertension but not dia-
betes was significantly associated with disease severity in
those patients. In most studies, neutrophilia was a common
finding in severe patients. A Singaporean study including
138 hospitalized patients showed that neutrophilia was
significantly higher in patients requiring admission to ICU
(11.6%103/ml vs. 3.5x103/ml)".

Similarly, an Ethiopian study showed that neutrophilia
was more prominent in severe and critical than moderate
patients®. Qin et al.? and Gong et al.?' reported significantly
higher neutrophil count in severe than non-severe patients.
Another study by Zhang et al?? revealed that 74.3% of
dead patients had neutrophilia on admission, increasing to
100% 24 hours before death. The presence of neutrophi-
lia could be related to the cytokine storm that characterizes
COVID-19 disease. However, careful interpretation is requi-
red as neutrophilia could be due to bacterial co-infections?.
Another important finding in the present study was that high
PLR at admission was significantly associated with ICU ad-
mission despite that platelet count was higher in patients
who did not need ICU admission. Following this result is a
meta-analysis of seven studies with 998 participants. The
study showed that severe COVID-19 patients had higher
PLR levels on admission?. Yang et al.?* reported the opti-
mal cut-off PLR value as 180 with an AUC of 0.784, specifi-
city of 44%, and sensitivity of 77%.

Meanwhile, Sun et al.?® suggested a cut-off PLR value
of 226.67 with an AUC of 0.746, specificity of 80.90%, and
sensitivity of 59.26%. This discrepancy warrants further re-
search to determine the most appropriate PLR cut-off value
in determining the severity of COVID-19 patients. PLR was
initially suggested as an excellent candidate marker for de-
termining the severity and mortality of COVID-19. First, PLR
is an established marker of inflammation?.

Inflammation plays a considerable role in the pathophy-
siology of COVID-19, with cytokine storm as a hallmark
condition in severe disease and poorer prognosis?. Thus,
a high PLR value suggests an overactive inflammatory
response and a worse prognosis. Second, PLR is sensiti-
ve to natural and acquired immune responses because it
includes the absolute number of lymphocytes, the leading
player in immune response?. Third, PLR is an inexpensive
and readily available measurement used in resource-limited
settings. The underlying mechanism for the decreased ab-
solute lymphocyte count is thought to be due to induction by
SARS-CoV-2 of pyroptosis in lymphocytes through the acti-
vation of nod-like receptor Family Pyrin Domain Containing
3 (NLRP3) inflammasome?:. The present study showed
no significant association of CRP with the severity of CO-
VID-19. This result agrees with a Serbian study involving
128 patients, in which there was no significant difference in
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CRP concentration between patients with different severity
of the disease?®. However, many other studies do find such
differences. For example, elevated CRP values have been
reported in viral respiratory illnesses such as SARS, MERS-
CoV, and H1N1 and have been reported to correlate with
disease severity and predictors of disease progression®3',
Similarly, CRP levels have been elevated in hospitalized pa-
tients with COVID-19 and correlate with the severity of the
disease and mortality®. This discrepancy between different
studies is mainly attributed to the underlying comorbidities
that may enhance CRP production.

|
Conclusions

These data suggest that advanced age, hypertension
as a comorbidity, higher neutrophil absolute count, and PLR
ad admission are predictors of severity and need for ICU
admission in patients with COVID-19. PLR is an inexpres-
sive, easy-to-be-calculated parameter that can be used
routinely to predict the severity of COVID-19. However, a
more reliable conclusion requires further studies with larger
sample size.
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