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ABSTRACT

Background: Eosinophils, the main cells in the immune system, play a key role in parasitic and allergic
diseases. However, their role in viral infections is still a matter of debate. Therefore, this study was
conducted to evaluate the eosinophils, eosinophils to lymphocyte ratio, and lymphocyte to
monocyte ratio in predicting survival in COVID-19 patients.

Methods: This retrospective study was conducted in the COVID-19 ward from August 2021 to January
2022. A total of 497 diagnosed patients of Covid-19 disease were enrolled aged >25 years of both
genders. Quantitative variables were presented as percentages and frequencies. The Chi-square
test was applied fo evaluate the association.

Results: Of 497 patients infected with Covid-19, 311 (62.6%) were males and 186(37.4%) were
females. The mean value of eosinophils was 0.52+1.27 and the eosinophils to lymphocyte ratfio (ELR)
was 0.05+0.11. The association of age and hematological parameters with gender was found at
52.25+27.52 years in males and af 55.20+25.77 in females (p=0.114). In addition, the mean value of
ELR was observed 0.05+0.11 in males and 0.04+0.11 in females (p=0.627), whereas, mean
lymphocyte to monocytes ratio (LMR) was 2.44+2.07 in males and 3.21+5.02 in females (p=0.011).

Conclusion: A significant association was reported in the lymphocyte-to-monocyte ratio (p <0.011)
in both genders, whereas an insignificant association was found in Eosinophil to lymphocyte ratio.
Thus, LMR, ELR, and CRP levels may be effective markers for survival in Covid-19.
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INTRODUCTION

The COVID-19 infection belongs to a wide range of
viruses that caused common cold and serious
disorders worldwide, such as Middle East Respiratory
Syndrome (MERS) and severe acute respiratory
syndrome (SARS). In December 2019, Wuhan city of
China, reported 1t case of COVID-19 (unexplained
viral pneumonia) while on March 11, 2020, World
Health Organization (WHO) declared COVID-19 as
an epidemic'. The expected mortality rate for
COVID-19 has been revealed to be around 3.5%,
which was related to Spanish influenza and had a
very high increasing rate than seasonal influenza. In
about 80% of COVID-19 pandemics, mild symptoms
were observed and 10% to 20% of cases were
reported to be severe infections. In severe cases,
the condition of the patient abruptly results in acute
respiratory distress syndrome, acute respiratory
failure, bleeding disorder, metabolic acidosis, and
sepsis?.

The first case of this pandemic virus was reported in
Karachi, Pakistan on February 26, 2020. Gradually, the
virus proliferated counfrywide and atf present has
become widespread. In Pakistan, the number of
COVID-19 patients had extended to 4601 till April 10,
2020, in which 727 patients recovered, however, 66
died®. Currently, the prevalence of Covid-19 in
Pakistan, from 3¢ January 2020 to 7™ August 2021,
there have been 1,058,405 confimed cases of
COVID-19 with 23,702 deaths, and 954,711 recoveries
reported to WHO. As of 6" August 2021, a total of
35,306,892 vaccine doses have been administered “.

The main clinical manifestations of COVID-19 include
fever, dyspnea (difficulty in breathing), cough,
headache, rhinorrheq, sore throat, pneumonia, sepsis,
hemoptysis, bilateral infiltrates on chest imaging which
appear to be the most common serious clinical signs
of infection °.

One recent pathological research on COVID-19 has
revealed that CD3, CD4, CD5, CD8, CD20, CD38,
and CD79%9a are positive in the spaces of the lung
interstitial and the vessels of blood. In addition, the
penetfration of monocytes, lymphocytes, and
plasma cells into the spaces of the lung interstitial is
confirmed by the techniques of immunohistologys®.
These approaches recommended that the
occurrence of infection stimulates the numerous
resistant cells in the tissue of the alveolar epithelium.
Many studies reported that peripheral
lymphocytopenia is a common feature in patients
suffering from COVID-19 and is usually associated
with the severity and fatfality of the virus’.
Consequently, lymphocytes are thought to be the
main marker for observing the patients' situation in
the clinical management and diagnosis of
COVID-19 infection’.
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Eosinophils are a form of white blood cells in the
immune system and work against multicellular
organisms. In conjunction with the cells of the mast
and basophils, they regulate systems associated
with  adllergic diseases and asthma. These
granulocytes grow in the course of hematopoiesis in
the bone marrow and travel into blood?®. In various
studies, the function of eosinophils against viruses in
the respiratory system has been noted™'.
Eosinophil-stimulated  cytokines, for example,
preexisted interleukin-2 (IL-2), interleukin-12 (IL-12),
and interferon-c (IFN-c) which is classic T-helper 1
(Th1) cytokines contained anfi-viral reactions,
generate  molecules with  anti-viral  activity,
comprising of RNases and reactive species of
nitrogen and they have recepfors allowing the
recognifion of viruses™''. Further, eosinophils can
move towards lymph nodes, where they can
provide antigens to T cells®. The response of
eosinophil anti-viral immune has been defined
against certain viruses of respiration, containing
respiratory syncytial virus'®and influenza''. One study
reported the role of peripheral blood eosinophil
counts as an effective marker for the prognosis of
COVID-19 patients'2,

ELR is a novel indicator that has been assessed in
several inflammatory illnesses and malignancies. An
increased ELR is found in patients with cigarette
smoking which can be a beneficial sign of systemic
inflammatory activity's. Another study reported that
the ELR may be supportive to differentiate patients
with  bronchial asthma with  and  without
non-steroidal anfi-inflammatory drugs (NSAIDs)'™.
Therefore, the present study was aimed at
evaluating the association of eosinophils, eosinophils
to lymphocytes ratfio, and lymphocyte to monocyte
ratio with Covid-19 patients.

METHODS

This refrospective study was arranged in the
COVID-19 ward of the tertiary care hospital, in
Karachi. The duration of the study was four months
i.e., October 2021 to January 2022. A total of 497
diagnosed patients of Covid-19 were enrolled aged
>25 vyears for both genders. Non-probability
consecutive sampling tfechnique was used fo
collect the data.

Patients hospitalized with clinical presentation of
lower respiratory infection and tested positive for
COVID-19 by Polymerase Chain Reaction (PCR) test,
were included in the study, however, those who
have negative Polymerase Chain Reaction (PCR)
results and refused to participate, were excluded
from the study. Further, for the analysis, all the final
test reports of all the patients whose blood samples
were collected were taken from the hospital records
fo support our present study. The reports include
Platelets count, Hb, Lymphocytes, Neutrophils,
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Eosinophils, TCL, D-dimer, and CT- scans. The entire
test was done in Dr. Ziauddin Hospital’s laboratory.

For statistical analysis, the data extracted from the
hospital files were then analyzed using SPSS version
22.0. Quantitative variables were presented as
percentages and frequencies in the tables. The
Chi-square test was applied to evaluate the
association. A p-value < 0.05 was considered
stafistically significant.

RESULTS
The present study enrolled 497 patients infected with
Covid-19, including 311(62.6%) males and 186(37.4%)

females. The mean value of Hemoglobin (Hb) in
patients was observed at 12.40£5.38 gm/dL, Mean
Total Leucocytes Counts (TLC) were 11.74+6.46
(x10%/L), Mean Neutrophils were 82.56£12.0, mean
Lymphocytes were 11.03+8.26, Mean Eosinophils were
0.52+1.27, Mean Basophils were 0.54+0.58, Mean
Monocytes were 5.25+6.74, Mean value of PLT were
245.49+121.66 (240x10%/L), Mean of Eosinophils to
lymphocyte ratio (ELR) was 0.05£0.11, Mean of
Lymphocyte to Monocytes Ratfio (LMR) were
2.73+3.50, Mean CRP were 122.49+112.30 gm/dL, and
the mean value of D-Dimer in patients was found
1905.29+2594.93 (Table 1, Figure 1).
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Figure 1: Total leucocytes percentage of the research participants.

Table 1: Mean of demographics and laboratory parameters to predict Covid-19 disease.

Variables MeanxSD/ Frequency n (%)
Male 311(62.6%)

Gender

Female 186(37.4%)
Hemoglobin (Hb) (gm/dL) 12.40+5.38
Total Leucocytes counts (TLC) (x103/L) 11.74+6.46
Neutrophils (%) 82.56x12.0
Lymphocytes (%) 11.03£8.26
Eosinophils (%) 0.52+1.27
Basophils (%) 0.54+0.58
Monocytes (%) 5.25+6.74
Platelets (x10¢/L) 245.49+121.66
Eosinophil to Lymphocyte ratio (ELR) 0.05+0.11
Lymphocyte to Monocytes rafio (LMR) 2.73+3.50
C-reactive protein (CRP) (gm/dl) 122.49+112.30
D-Dimer 1905.29+2594.93
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About the association of age and laboratory
considerations with gender, the mean age of males
was found 52.25+27.52 years, whereas in females it
was observed 55.20+25.77 years with an insignificant
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Basophils was 0.57+0.54 found in males and
0.49£0.63 in females with an insignificant difference
(p=0.471) between them. The mean value of
Monocytes 5.40+8.17 % was observed in males and

difference (p=0.114) between them. The resulfs 4.99+3.14 in females, the mean value of PLT
showed the value of Hemoglobin (Hb) 13.06+6.55 248.70+130.61 (240x10¢/L) in males and
gm/dL in males and 11.30£1.92 gm/dL in females 240.16+105.19 (240x10¢/L) in females, with the

with an insignificant difference (p=0.332) between
them, Mean Total Leucocytes Counts (TLC) was
observed 11.99+6.79 (x10%/L) in males and 11.32+5.87
(x10%/L) in females, the mean value of Neutrophils
82.91+£12.36 in males and 81.98+11.40 in females,
with insignificant difference between males and
females (p=0.293). The Mean value of Lymphocytes
was observed at 10.49+8.11 in males and 11.93+8.47
in females with an insignificant difference (p=0.842),
between both genders, wherein the mean value of
Eosinophils was found 0.53+1.24 in males and
0.51+1.34 in females with the insignificant difference
(p=0.683) between them. The mean value of

insignificant difference between them (p=0.189).
Moreover, the mean Eosinophil to lymphocyte ratio
(ELR) was observed at 0.05+0.11 in males and
0.04+0.11 in females with an insignificant difference
(p=0.627), whereas the mean value of lymphocyte
fo monocytes ratio (LMR) were observed 2.44+2.07
in males and 3.21£5.02 in females with the significant
difference (p=0.011) between both the genders.
Furthermore, an insignificant association was
observed in the mean of CRP and D-Dimer in males
and females, (p=0.902 and p= 0.416 respectively)
(Table 2).

Table 2: Association of age and laboratory parameters with gender.

Variable Male Female p-Value
MeanxSD MeantsSD
Age (years) 52.25+27.52 55.20£25.77 0.114
Hemoglobin (Hb) (gm/dL) 13.066.55 11.30£1.92 0.332
Total Leucocytes counts (TLC) (103/L) 11.99+6.79 11.32+5.87 0.116
Neutrophils (%) 82.91£12.36 81.98+11.40 0.293
Lymphocytes (%) 10.4948.11 11.93+8.47 0.842
Eosinophils (%) 0.53+1.24 0.51+1.34 0.683
Basophils (%) 0.57+0.54 0.49+0.63 0.471
Monocytes (%) 5.40£8.17 4.99£3.14 0.446
Platelets (x10¢/L) 248.70£130.61 240.16+105.19 0.189
Eosinophil to Lymphocyte ratio (ELR) 0.05+0.11 0.04+0.11 0.627
Lymphocyte to Monocyte ratio (LMR) 2.44+2.07 3.21£5.02 0.011
C-reactive protein (CRP) (gm/dL) 125.68+111.51 117.0£113.78 0.902
D-Dimer 1847.85+2470.80 2010.85+2814.15 0.146
DISCUSSION studies'®'. One study reported that the patients

The results of the present study showed that LMR,
ELR, and CRP levels might be effective tools for
diagnosis. It has also been observed that LMR, ELR,
and CRP levels were found high in patients infected
with COVID-19 due to pro-inflammatory cytokines
that have also been revealed in some former
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presented with critical illness, and the number of
male patients were more significantly prone to the
disease severity compared with female patients.
Therefore, their eosinophil counts were checked,
and it was found that the eosinophil counts and
ratios in male patients had significantly lower levels
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than those of female patients”. Inconsistent with
that finding, the present study reported that
statistically insignificantly lower levels of eosinophil
counts were found between both male and female
patients (p=0.683).

Though, numerous studies have assessed the function
of eosinophils in COVID-19 patients. Santotoribio et al.
revealed that “blood counts of eosinophils levels might
be a biomarker for the diagnosis of suspected
COVID-19 patients” '8, Another study by Zhao et al. has
written: “there is a significant association between
Eosinopenia and severe COVID-19 (p=0.006)" 1°. As far
as the present study is concerned, it was reported that
eosinophil count in the blood can be used as a
biomarker for the diagnosis of suspected COVID-19 in
patients but there was an insignificant association
between males and females (p=0.683).

One more study by Du et al. observed 85 serious
COVID-19 cases in Wuhan, China, and concluded
that “eosinopenia may perhaps demonstrate a poor
prognosis” %, Sun et al. have reported that "a strong
investigation of eosinophil counts supported the
prognosis of severe cases of COVID-19" 2. Lu and
Wang have observed that “after admittance,
eosinophils levels of patients with COVID-19 were
extremely low during the first 10 days and their
numbers were improved after admission at 12 days,
earlier than other biomarkers that can be a significant
marker for the progress of the disease” 2. The present
study was inconsistent with the above-cited studies
and revealed that eosinophils help in the prognosis of
severe COVID-19 cases but Eosinophil to lymphocyte
ratio (ELR) had an insignificant association between
males and females (p=0.627).

Studies recommended that prolonged eosinopenia
after admittance shows a relationship with low rates of
improvement?®2, However, the eosinopenia resolution
might be a sign of clinical status progression?2,
Likewise, in one study, an insignificant role of
eosinophils in the prognostication of COVID-19 was
observed. In this study, median eosinophil counts were
found to be statistically insignificant between male
and female patients?. The present study was in
agreement with the above-mentioned study and
revealed that the role of eosinophils in the prognosis of
COVID-19 was found to be insignificant. There was no
statistically significant difference between the median
eosinophil counts in males and females (p=0.683).

Currently, investigators have reported some ratfios in
the prognosis and diagnosis of many disorders of
inflammation; platelet/lymphocyte, monocyte/
lymphocyte, and neutrophil/lymphocyte ratios are
some of the examples?®. Yang et al. assessed
confirmed 69 non-severe and 24 severe cases
infected with COVID-19 and revealed that the
association in age, WBC count, NLR, LMR, PLR, CRP,
and d-NLR (derived NLR ratfio) were found
significantly higher in severe cases than the those of
non-severe cases, however, the lymphocyte count
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was observed to be significantly lower?®?. As far as
the present study is concerned, there was a
statistically insignificant age difference, WBC count,
Eosinophil to Lymphocyte Ratio (ELR), and
C-reactive protein (CRP) in both genders, whereas
the statistically significant association was reported
in lymphocyte to monocyte ratfio(LMR) (p=0.011) in
both the genders.

Similarly, another study reported that the Hemoglobin
level in confirmed COVID-19 patients was shown to be
significantly higher as compared to the patients who
had no COVID-19 infection. In addition, an
insignificant difference was observed in female
COVID-19 patients, while higher Hemoglobin levels
were detected in male patients. The study also
reported that in females, Hemoglobin level was also
lower than in male COVID-19 patients®®. Our study
findings were inconsistent with the above-mentioned
study and shows an insignificant difference (p=0.332)
between males and females regarding hemoglobin
levels while the mean level of hemoglobin was slightly
raised in males as compared to females. Therefore,
more multicenter prospective studies need to
elucidate the function of eosinophils and ELR as
biomarkers in the clinical development of COVID-19
patients.

CONCLUSION

The role of eosinophils as a diagnostic predictor is
insignificant. Furthermore, an insignificant association
was found in Eosinophil to lymphocyte ratio, whereas
a significant  association was reported in  the
lymphocyte-to-monocyte ratio between males and
females. Further studies are needed to clarify the
probable role of Eosinophils and Eosinophil to
lymphocyte rafio as biomarkers in the early
identification of COVID-19 infection.

ACKNOWLEDGMENTS

The authors would like to acknowledge the staff of
the COVID Unit and hospital management for
helping with sample collection.

CONFLICTS OF INTEREST
The authors have declared that no competing
interests exist.

ETHICS APPROVAL
The study approval was obtained by the institutional
ethics review board.

PATIENT CONSENT
Informed consent (written and verbal) was taken
from all the parents included in the study.

AUTHORS’ CONTRIBUTION
All authors equally contributed to this research
study.

REFERENCES

1. Liu J, Liv Y, Xiang P, Pu L, Xiong H, Li C, et al. Neutro-
phil-to-lymphocyte ratio predicts critical ilness patients

DOI: https://doi.org/10.36283/PJMD12-2/009



with 2019 coronavirus disease in the early stage. J Transl
Med. 2020;18(1):1-12. doi: 10.1186/512967-020-02374-0
2.Chang MC, Park YK, Kim BO, Park D. Risk factors for
disease progression in COVID-19 patients. BMC Infect
Dis. 2020; 20(1):1-6. doi: 10.1186/512879-020- 05144-x
3.Government of Pakistan; Ministry of Planning, Devel-
opment and Special Initiatives; Pakistan Bureau of
Statistics [Accessed on Jan 16, 2023]. Pakistan Stafisti-
cal Year Book 2018 (Provisional). Available from:
https://www.pbs.gov.pk/publication/pakistan-statisti-
cal-year-book-2018-provisional

4.Ministry of National Health Services Regulations and
Coordination’s Islamabad [Accessed on Dec 20,
2022]. Available from: https://nhsrc.gov.pk/

5.AI T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et dl.
Correlation of chest CT and RT-PCR testing in coronavirus
disease 2019 (COVID-19) in China: A report of 1014
cases. Radiology. 2020; 296(2): E32-E40. doi: 10.1148/radi-
01.2020200642

6.Luo W, Yu H, Gou J, Li X, SunY, Li J, ef al. Clinical
pathology of critical patient with novel coronavirus
pneumonia (COVID-19). Transplantation. 2020: 1-18.
doi: 10.1097/TP.00000000000034 122020

7.Zhang B, Zhou X, Qiu Y, Song Y, Feng F, Feng J, et al.
Clinical characteristics of 82 cases of death from
COVID-19. PLoS One. 2020;15(7):1-13. doi: 10.1371/jour-
nal.pone.0235458

8Uhm TG, Kim BS, Chung IY. Eosinophil development,
regulation of ecsinophilspecific genes, and role of eosino-
phils in the pathogenesis of asthma. Allergy Asthma Immu-
nol Res. 2012;4(2): 68-79. doi: 10.4168/aair. 2012.4.2.68
9.Flores-Torres  AS, Salinas-Carmona MC, Salinas E,
Rosas-Taraco AG. Eosinophils and respiratory viruses. Viral
Immunol. 2019;32(5):198-207. doi: 10.1089/vim.2018.0150
10.Phipps S, Lam CE, Mahalingam S, Newhouse M,
Ramirez R, Rosenberg HF, et al. Eosinophils contribute to
innate anfiviral immunity and promote clearance of
respiratory syncytial virus. Blood. 2007; 110(5): 1578-1586.
doi: 10.1182/blood-2007-01-071340

11.Samarasinghe AE, Melo RC, Duan S, LeMessurier KS,
Liedmann S, Surman SL, et al. Eosinophils promote
antiviral immunity in mice infected with influenza A
virus. J Immunol. 2017;198(8):3214-3226. doi: 10.4049/-
jimmunol.1600787

12Xie G, Ding F, Han L, Yin D, Lu H, Zhang M. The role of
peripheral blood eosinophil counts in COVID-19 patients.
Allergy. 2021;76(2):471-482. doi: 10.1111/all.14465
13.Cekici Y, Yimaz M, Secen O. New inflammatory
indicators: Association of high eosinophil-to-lympho-
cyte ratfio and low lymphocyte-to-monocyte ratio with
smoking. J Int Med Res. 2019;47(9):4292-4303. doi:
10.1177/ 0300060519862077

14.Branicka O, Rogala B, Gluck J. Eosinophil/neutro-
phil/ platelet-to-lymphocyte ratios in various types of
immediate hypersensitivity to NSAIDs: A preliminary
study. Int Arch Allergy Immunol. 2020;181(10):774-782.
doi: 10.1159/000509116

15.Sun C, Zhang XB, Dai Y, Xu XZ, Zhao J. Clinical analy-
sis of 150 cases of 2019 novel coronavirus infection in
Nanyang City, Henan Province. Zhonghua Jie He He
Hu Xi Za Zhi. 2020;43(6):503-508. doi: 10.3760/c-

Mahar et al.

ma.j.cn112147-20200224-00168

16.Deng Y, Liu W, Liu K, Wu X, Zheng C, Xia W, et al.
Clinical characteristics of fatal and recovered cases of
coronavirus disease 2019 in Wuhan, China: a
retrospective study. Chin Med J. 2020;133:1261-1267.
17.Yan B, Yang J, Xie Y, Tang X. Relationship between
blood eosinophil levels and COVID-19 mortality. World
Allergy Organ J. 2021;14(3):1-12. doi: 10.1016/j.wao-
jou.2021.100521

18.Santotoribio JD, Nunez-Jurado D, Lepe-Balsalobre E.
Evaluation of routine blood tests for diagnosis of suspect-
ed coronavirus disease 2019. Clin Lab. 2020;66(9):1-1. doi:
10.7754/Clin.Lab.2020.200522

19.Zhao L, Zhang YP, Yang X, Liu X. Eosinopenia is
associated with greater severity in patients with
coronavirus disease 2019. Allergy. 2021;76(2):562-564.
doi: 10.1111/all.14455

20.Du Y, Tu L, Zhu P, Mu M, Wang R, Yang P, ef al.
Clinical features of 85 fatal cases of COVID-19 from
Wuhan. A retrospective observational study. Am J
Respir Crit Care Med. 2020; 201(11):1372-1379. doi:
10.1164/ ccm.202003-05430C

21.5un S, Cai X, Wang H, He G, Lin Y, Lu B, ef al. Abnor-
malities of peripheral blood system in patients with
COVID-19 in Wenzhou, China. Clin Chim Acta.
2020;507:174-180. doi: 10.1016/j.cca.2020.04.024

22.Lu G, Wang J. Dynamic changes in routine blood
parameters of a severe COVID-19 case. Clin Chim
Acta. 2020; 508:98-102. doi: 10.1016/j.cca.2020.04.034
23.Tanni F, Akker E, Zaman MM, Figueroa N, Tharian B,
Hupart KH. Eosinopenia and COVID-19. J Osteopath
Med. 2020;120(8):504-508. doi: 10.7556/ja0a.2020.091
24.Roca E, Ventura L, Zattra CM, Lombardi C. EOSIN-
OPENIA: an early, effective and relevant COVID-19
biomarker? QJM. 2021;114(1):68-69. doi: 10.1093/qg-
jmed/hcaa259

25.Lindsley AW, Schwartz JT, Rothenberg ME. Eosinophil
responses during COVID-19 infections and coronavirus
vaccination. J Allergy Clin Immunol. 2020;144(1):1-7. doi:
10.1016/]. joci.2020.04.021

26.Li Q, Ding X, Xia G, Chen HG, Chen F, Geng Z, et al.
Eosinopenia and elevated C-reactive protein
facilitate triage of COVID-19 patients in fever clinic: a
retfrospective case-control study. EClinicalMedicine.
2020;23:1-7. doi: 10.1016/j.eclinm.2020.100375

27.5oni M. Evaluation of eosinopenia as a diagnostic
and prognostic indicator in COVID-19 infection. Int J
Lab Hematol. 2021;43(Suppl. 1):137-141. doi: 10.1111/i-
n.13425

28.Yang AP, Liu JP, Tao WQ, Li HM. The diagnostic and
predictive role of NLR, d-NLR and PLR in COVID-19
patients. Int Immunopharmacol. 2020; 84:1-8. doi:
10.1016/].intimp.2020.106504

29.Udugama B, Kadhiresan P, Kozlowski HN, Malekjah-
ani A, Osborne M, Li VYC, et al. Diagnosing covid-19:
The disease and tools for detection. ACS Nano.
2020;14: 3822-3835. doi: 10.1021/acsnano.0c02624
30.Usul E, San |, Bekgdz B, Sahin A. Role of hematologi-
cal parameters in COVID-19 patients in the emergen-
cy room. Biomark Med. 2020;14(13):1207-1215. doi:
10.2217/bmm-2020-0317.

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2023, VOL. 12 (02)

DOI: https://doi.org/10.36283/PJMD12-2/009

55



