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ABSTRACT

Despite studies indicating that asthma patients do not exhibit a higher mortality rate or severity
compared to the general population when infected with COVID-19, there have been few reports on
predictive factors for mortality in this context. This study aimed to assess the predictive value of
systemic inflammation indices, including neutrophil-to-lymphocyte (NLR), monocyte-to-lymphocyte
(MLR), platelet-to-lymphocyte (PLR), systemic inflammation response index (SIR-I), and systemic
inflammation index (SII) in determining mortality rate among patients with COVID-19 and asthma.

In this prospective study, the laboratory parameters of 1792 COVID-19 patients were
examined, comprising 112 patients with asthma and 1680 without asthma. Receiver operating
characteristic (ROC) analysis was employed to assess the potential of inflaimmatory indices in
indicating COVID-19 severity. Kaplan-Meier curves were utilized to analyze the survival probability
with death as the outcome.

In deceased patients without asthma, leukocyte and differential cell counts and PLR, NLR,
MLR, SII, and SIR-I values were higher than in survivors. In contrast, all the above values except
PLR and MLR were significant in the asthma groups. The Kaplan-Meier sutvival curves were
consistent with the ROC analysis. However, a multivariate Cox regression analysis revealed that
neutrophil counts in patients without asthma and leukocyte and neutrophil counts in asthma
patients were significant for survival.

In conclusion, while numerous inflammatory indices were associated with mortality in COVID-
19 patients without asthma, neutrophil counts could independently predict mortality risk in asthma
COVID-19 patients.
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INTRODUCTION

Several risk factors, including age, gender, platelet,
neutrophil, and lymphocyte counts, and lipid profiles,
have been correlated with the prediction of COVID-19
severity.® Although most studies have shown that
patients with asthma are not at an increased risk of
mortality or acquiring a more severe form of COVID-19
compared to the general population, few studies have
tried to identify predictive indicators in this context.*
Hematologic parameters such as leukocytosis,
thrombocytopenia,  eosinopenia, monocytopenia,
lymphopenia, and neutrophilia have been associated
with the severity and mortality from COVID-19.57

Calculated hematological parameters can also
predict the progress, diagnosis, and risk stratification of
inflammatory conditions. These parameters include
monocyte-to-lymphocyte ratio (MLR), neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), systemic inflammation index (SII), and systemic
inflammation response index (SIR-I).810

Most of these hematologic parameters have been
investigated to diagnose the COVID-19 severity without
taking into account the comorbidities. Asthma is one of
the comorbidities associated with COVID-19. Some
studies have reported asthma as a risk factor for severe
COVID-19 outcomes, while other studies have not
shown such a result.* Given the altered immune
responses and inflammation in asthma, we hypothesized
that inflammatory biomarkers may predict mortality in
asthma patients with COVID-19. Therefore, this study
aimed to determine the prognostic value of leukocyte,
neutrophil, and lymphocyte counts and ratios of PLR,
MLR, NLR, SlIlI, and SIR for predicting mortality in
asthma patients infected with COVID-19.

MATERIALS AND METHODS

This prospective study enrolled patients with and
without asthma who had a positive PCR test for COVID-
19. It was conducted at Imam Khomeini Hospital,
Ardabil, Iran, between September and November 2020.
Patients with negative or inconclusive PCR tests were
excluded. The data were collected from the electronic
medical record system and included the gender, age,
laboratory results, duration of hospitalization, and
disease outcome (recovered or deceased). Laboratory
tests were evaluated within 24 hours of admission, and
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PLR, MLR, NLR, SlI, and SIR-I were calculated for all
patients. The following formula was used to calculate
the SIR-I and SII.

SII = (neutrophil count x platelet count) /
lymphocytes

SIR-1 = (neutrophils x monocytes) / lymphocytes

Statistical Analysis

Data analysis was performed using SPSS version 21
and MedCalc version 19.4.1 software. Optimal cutoff
values that maximized the sensitivity and specificity of
the Youden index were determined via receiver
operating characteristics (ROC) curves, and hospital
admission time served as the starting point for survival
analyses. Survival probability for the systemic
inflammation index was calculated using Kaplan-Meier
curves with death as the endpoint. The Cox regression
model was applied to perform the univariate and
multivariate analyses.!! Values are expressed as hazard
ratios (HR) and confidence intervals (CI).

RESULTS

This study included 1792 COVID-19 patients, of
whom 112 had asthma, and 1680 did not. The mean age
of the patients without asthma was 59.60+16.99, which
did not significantly differ from patients with asthma
(56.77+16.14). The percentage of female patients was
significantly higher in the asthmatic COVID-19 group
(59.8%) than in patients without asthma (43.9%,
p<0.001). The mean hospital stay for patients with
asthma (8.94+8.44) was longer than patients without
asthma (8.06+7.13), although the difference was
insignificant. On admission, most tests were normal in
both groups, except for albumin, urea, blood glucose,
aspartate transaminase, erythrocyte sedimentation rate,
ferritin, alkaline  phosphatase, and lactate
dehydrogenase.

Of the 112 COVID-19 patients with asthma, 90
(80.4%) were discharged, and 22 (19.6%) died. In the
group without asthma, 80.3% were discharged, and
19.7% died. In terms of severity of COVID-19 infection,
75% of patients with asthma were moderate, 5.4% were
severe, and 19.6% were very severe. For patients without
asthma, 73.2% were moderate, 9.3% were severe, and
17.6% were very severe.

Optimal cutoff values for evaluating survival were
determined by ROC analysis and are summarized in
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Table 1. In the group without asthma, AUC was
significant for neutrophil, leukocyte, and lymphocyte
counts, PLR, MLR, NLR, SlII, and SIR-I (Table 1).
Neutrophil counts had significantly higher AUC values
compared with total leukocytes (z=5.232, p<0.001) and
monocyte count (z=7.926, p<0.001) to distinguish
deceased from survived patients. Likewise, lymphocytes
had significantly higher AUC compared with total
leukocytes (z=2.265, p<0.05) and monocytes (z=6.696,
p<0.001) in distinguishing deceased from surviving
patients. For systemic inflammation indices, NLR has a
significantly higher AUC value than the PLR (z=5.815,
p<0.001), SIR-1 (z=4.699, p<0.001), MLR (z=6.100,

p<0.001), and SlI (z=4.574, p<0.001) for distinguishing
deceased from surviving patients without asthma.

Asthma patients exhibited significant AUC values for
leukocyte, neutrophil, and lymphocyte counts, NLR, SIR-
I, and SII (Table 1). It is interesting to note that in
deceased patients compared to recovered subjects, the
neutrophils count had higher AUC values than
lymphocytes (z=2.157, p<0.05), SIR-I (z=2.445, p<0.05),
and Sl (z=2.376, p<0.05). In addition, NLR had a higher
AUC value compared to the lymphocytes count
(z=2.634, p<0.01) in the deceased asthmatics compared
to those who recovered.

Table 1. Receiver operating characteristics (ROC) curves and prognostic accuracy of blood cell count-derived inflammation

indices in COVID-19 patients with and without asthma.

Variables AUC 95% ClI Cutoff Sensitivity Specificity (%0)
WBC

Without asthma 0.635 0.611 to 0.658 0.000 >7.88 59 62

With asthma 0.670 0.575 10 0.756 0.018 >9.59 50 88.9
Neutrophil

Without asthma 0.712 0.690 to0 0.734 0.000 > 6.45 65 68
With asthma 0.797 0.711 to 0.867 0.000 >7.01 95 61
Lymphocyte

Without asthma 0.689 0.666 t0 0.711 0.000 <1.02 67 63

With asthma 0.713 0.620 t0 0.795 0.000 <1.33 73 67
NLR

Without asthma 0.707 0.685 t0 0.729 0.000 >571 71 60
With asthma 0.738 0.647 to 0.817 0.000 > 4.44 81 59
MLR

Without asthma 0.594 0.570t0 0.617 0.000 >0.24 50 67
With asthma 0.592 0.496 to 0.684 0.181 >0.20 59 64
PLR

Without asthma 0.638 0.615 to0 0.661 0.000 > 216 53 70
With asthma 0.621 0.524 t0 0.711 0.081 > 117 77 51
SIR-1

Without asthma 0.629 0.606 to 0.652 0.000 > 1.68 46 74
With asthma 0.647 0.551t0 0.735 0.030 >1.15 72 58
SlI

Without asthma 0.663 0.640 to 0.686 0.000 > 1401 55 70
With asthma 0.655 0.559 t0 0.743 0.015 > 811 7 50

MLR: monocyte to lymphocyte ratio; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio;
SlI: systemic inflammation index; SIR-1: systemic inflammation response index; WBC: white blood cells.

We classified patients without asthma based on the
Youden index cutoff from the ROC method and
analyzed their survival using the Kaplan-Meier curves.
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We found significantly decreased survival in patients
with high neutrophil and leukocyte counts, PLR, MLR,
NLR, SlI, and SIR-1, and low lymphocyte count (Figure
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1). In contrast, the asthma patients’ survival decreased
significantly with increasing neutrophil count (HR,
15.180 [95% Cl, 2.033-113.244]; p<0.001), leukocyte
count (HR, 7.966 [95% CI, 2.923-21.711]; p<0.001),
SIR-I (HR, 3.083 [95% CI, 1.090-8.722]; p<0.05), NLR
(HR, 2.465 [95% CI, 1.007-11.923]; p<0.05), and
decreasing the lymphocytes count (HR, 2.529 [95%
Cl=1.021 to 6.263]; p<0.05).
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The Cox regression analyses found neutrophil count
as the only significant predictor of survival in patients
without asthma (HR, 1.46 [95% CI, 1.04-2.05]; p<0.05).
However, both neutrophil count (HR, 11.71 [95% ClI,
1.18-116.67]; p<0.05) and leukocyte count (HR, 4.58
[95% CI, 1.57-13.32]; p<0.01) were significant
predictors in patients with asthma.
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Figure 1. Kaplan-Meier survival curves during hospitalization of COVID-19 patients without asthma with different cutoff
values for leukocytes and differential cells, as well as the systemic inflammation indices investigated. (A) leukocytes; (B)
neutrophils; (C) lymphocytes; (D) NLP; (E) PLR; (F) MLR; (G) SIR-I; (H) SIl. MLR: monocyte/lymphocyte ratio, NLR:
neutrophil/lymphocyte ratio, PLR: platelet/lymphocyte ratio, SIl: systemic inflammation index, SIR-1: systemic inflammation

response index, WBC: white blood cell.

DISCUSSION

Our analysis did not find significant differences
between COVID-19 patients with and without asthma in
terms of age, length of hospital stay, and disease
severity. These results align with previous studies
comparing COVID-19 outcomes in patients with or
without asthma.'?>*4 Moreover, the mortality rates were
similar in both groups (19.6% vs. 19.7%). Various
studies have shown a higher mortality rate in COVID-
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19 patients with comorbidities, such as pulmonary
diseases, malignancies, diabetes, chronic kidney disease,
and cardiovascular diseases.’®

We observed that leukocyte and differential cell
counts  (neutrophil, monocyte, eosinophil, and
lymphocyte) were significantly higher in COVID-19
patients with asthma compared to those without.
However, PLR and NLR were significantly higher in
patients without asthma. Moreover, leukocyte and
differential cell counts were significantly higher in the
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deceased patients than in survivors in  both
groups. Interestingly, WBC, lymphocyte, and neutrophil
counts were higher in deceased patients with asthma than
in deceased patients without asthma. In addition, NLR,
SIl, and SIR-I were higher in deceased patients in both
groups.

Previous studies on COVID-19 patients have
reported abnormal laboratory results, especially in
critically ill and deceased patients.'*1%17 Consistent with
these findings, our study revealed that leukocytosis,
lymphopenia, and an increase in the neutrophil count
were more pronounced in deceased patients than in
survivors, regardless of asthma status.’®?° However,
deceased patients with asthma had markedly greater
leukocytosis and neutrophilia compared to deceased
patients without asthma. Conversely, lymphopenia was
more pronounced in deceased patients without asthma.
Neutrophils play a key role in the immune system and
act as the primary line of defense against bacterial and
fungal infections.®> However, their role in viral
infections remains unclear. Human studies of COVID-
19 have found numerous neutrophils infiltrating the
pulmonary capillaries and alveolar spaces.?

NLR correlates with disease activity and systemic
inflammation, major prognostic factors in cancer,
cardiovascular, autoimmune, and other infectious
diseases.?*?® Previous studies have also found NLR to
be a reliable indicator of COVID-19 severity and
mortality.*>2%628 | jkewise, PLR can predict disease
severity in  autoimmune and  cardiovascular
diseases.’2*30  Moreover, PLR is important in
diagnosing COVID-19, especially in the early stages of
hospitalization.®® Interestingly, SIl and SIR-I reflect
inflammation and immune responses of the diseases and
are often used to predict the mortality of infectious
diseases, autoimmune diseases, and cancers.?:31:32

While most studies have reported NLR as a superior
indicator of severe COVID-19 compared to neutrophil
and lymphocyte counts, we found that in patients
without asthma, leukocytes and differential cells, as well
as PLR, MLR, SIR-I, and SlI, also had a significant
increase in deceased patients. In contrast, leukocytes
and differential cells, along with NLR, SIR-I, and SlI,
were associated with disease severity in patients with
asthma.

Using cutoff values from the ROC curve, Kaplan-
Meier survival curves showed that survival in patients
without asthma  correlated  with  leukocytes,
lymphocytes, neutrophils, PLR, NLR, SIR-I, MLR, and
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SII. However, in patients with asthma, it was correlated
with neutrophils, leukocytes, lymphocytes, SIR-1, and
NLR. Interestingly, multivariate Cox regression analysis
revealed that in patients without asthma, only the
neutrophil count was significantly associated with
survival. In contrast, in patients with asthma, both
leukocyte and neutrophil counts were significantly
associated with survival. These results indicate that
NLR, PLR, and MLR do not reliably predict COVID-19
severity. Our findings suggest that neutrophil counts
may effectively indicate mortality risk in asthma and
patients without asthma with COVID-19, while
leukocyte counts could help predict severity.

This investigation had several limitations, including
1) its retrospective design, 2) the inclusion of patients
from a single hospital center, and 3) the variation in
disease stages among COVID-19 patients with asthma
despite examining pre-hospitalization tests.

To conclude, although systemic inflammation
biomarkers are useful for assessing the severity of
inflammatory diseases, they should be applied
judiciously in COVID-19 patients. Neutrophil counts
effectively indicated mortality risk in patients without
asthma, while leukocyte and neutrophil counts predicted
severity in patients with asthma. Therefore, asthma
comorbidities can affect systemic inflammation
biomarkers in COVID-19 patients, warranting further
studies.

STATEMENT OF ETHICS
This research proceeded after the approval of the
Ethics Committee of Ardabil University of Medical
Sciences (IR. ARUMS.REC.1399.587).
FUNDING
This research received no external funding.
CONFLICT OF INTEREST
The authors declare no conflicts of interest.

ACKNOWLEDGEMENTS

The present article is supported by Ardabil
University of Medical Sciences.

Iran J Allergy Asthma Immunol/ 395

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

10.

11.

H. Ghobadi, et al.

REFERENCES

Jain R, Gopal A, Pathak BK, Sourya S, Tvsvgk T, Anchit
R. Neutrophil-to-Lymphocyte Ratio and Platelet-to-
Lymphocyte Ratio and Their Role as Predictors of Disease
Severity of Coronavirus Disease 2019 (COVID-19). J Lab
Physicians. 2021;13(1):58-63.

Mohammadshahi J, Ghobadi H, Matinfar G, Aslani M.
Role of Lipid Profile and Its Relative Ratios
(Cholesterol/HDL-C, Triglyceride/HDL-C, LDL-C/HDL-
C, WBC/HDL-C, and FBG/HDL-C) on Admission
Predicts In-Hospital Mortality COVID-19. J Lipids.
2023;2023:6329873.

Shahla F, Faranak S, Shahram H. Laboratory and clinical
findings in hospitalized pregnant women with Covid-19
based on disease outcome during the outbreak of Delta
variant in Ardabil (summer and autumn 2021). Iranina J
Obstetrics Gynecol Infertility. 2022;25(9):29-39.
Garcia-Menaya JM, Cordobés-Duran C, Rangel-Mayoral
JF, Martin E, Gundez J. Outcomes and Laboratory and
Clinical Findings of Asthma and Allergic Patients
Admitted With Covid-19 in a Spanish University Hospital.
Front pharmacol. 2020;11:570721.

Terpos E, Ntanasis-Stathopoulos I, Elalamy I, Kastritis E,
Politou M, Psaltopoulou T, et al. Hematological findings
and complications of COVID-19. Am J Hematol.
2020;95(7):834-7.

Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippiet
G, al. Hematologic, biochemical and immune biomarker
abnormalities associated with severe illness and mortality
in coronavirus disease 2019 (COVID-19): a meta-analysis.
Clin Chem Lab Med. 2020; 58(7):1021-8.

Chan AS, Rout A. Use of Neutrophil-to-Lymphocyte and
Platelet-to-Lymphocyte Ratios in COVID-19. J Clin Med
Res. 2020;12(7):448-53.

Yang AP, Liu JP, Tao WQ. The diagnostic and predictive
role of NLR, d-NLR and PLR in COVID-19 patients. Int
Immunopharmacol. 2020; 84:106504.

Shang W, Dong J, Ren Y, Ming T, Wei L , Jianwu H, et
al. The value of clinical parameters in predicting the
severity of COVID-19. J Med Virol. 2020;92(10):2188-92.
Hosseninia S, Ghobadi H, Garjani K. Aggregate index of
systemic inflammation (AISI) in admission as a reliable
predictor of mortality in COPD patients with COVID-19.
BMC Pulmonary Med. 2023;23(1):107.

Gao YD, Agache I, Akdis M, Kari N, Ludger K, Marek J,
al. The effect of allergy and asthma as a comorbidity on
the susceptibility and outcomes of COVID-19. Int
Immunol. 2022;34(4):177-88.

396/ Iran J Allergy Asthma Immunol

12.

13.

14.

17.

16.

19.

18.

21.

20.

23.

24.

23.

Kim SH, Ji E, Won SH, Jungwon Cho 5, Yong-
Hyun, Soyeon A, al. Association of asthma comorbidity
with poor prognosis of coronavirus disease 2019. World
Allergy Organ J. 2021; 14(8):100576.

Gao YD, Agache I, Akdis M, et al. The effect of allergy
and asthma as a comorbidity on the susceptibility and
outcomes of COVID-19. Int Immunol. 2022;34(4):177-88.
Lemus Calderon JA, Beneyto Martin P, Guzman
Rodriguez R, et al. Differentiating characteristics of
patients with asthma in the severe acute respiratory
syndrome coronavirus 2 infection. Ann Allergy Asthma
Immunol. 2021;126(1):92-3.

Lee SC, Son KJ, Han CH, et al. Impact of comorbid asthma
on severity of coronavirus disease (COVID-19). Sci Rep.
2020;10(1):21805.

Paliogiannis P, Zinellu A, Scano V, et al. Laboratory test
alterations in patients with COVID-19 and non COVID-19
interstitial pneumonia: a preliminary report. J Infect Dev
Ctries. 2020;14(7):685-90.

Tjendra Y, Al Mana AF, Espejo AP, et al. Predicting
Disease Severity and Outcome in COVID-19 Patients: A
Review of Multiple Biomarkers. Arch Pathol Lab Med.
2020;144(12):1465-74.

Waris A, Din M, Khalid A, et al. Evaluation of
hematological parameters as an indicator of disease
severity in Covid-19 patients: Pakistan's experience. J Clin
Lab Anal. 2021;35(6):e238009.

Gerotziafas GT, Sergentanis TN, Voiriot G, Lassel L,
Turpin N, et al. Derivation and Validation of a Predictive
Score for Disease Worsening in Patients with COVID-19.
Thromb Haemost. 2020;120(12):1680-90.

Fois AG, Paliogiannis P, Scano V, Cau s, Babudieri S,
Perra R. The Systemic Inflammation Index on Admission
Predicts In-Hospital Mortality in COVID-19 Patients.
Molecules. 2020; 25(23):5725.

Veras FP, Pontelli MC, Silva CM, Toller-Kawahisa GE,
de Lima M, Carvalho Nascimento D, et al. SARS-CoV-2-
triggered neutrophil extracellular traps mediate COVID-
19 pathology. J Exp Med. 2020; 217(12)| e20201129.
Tomar B, Anders HJ, Desai J, Mulay SR. Neutrophils and
Neutrophil Extracellular Traps Drive Necroinflammation
in COVID-19. Cells.2020; 9(6):1383.

Urbanowicz T, Michalak M, Olasinska-Wisniewska A,
Rodzki M, Witkowska A, Gasecka A, Rodzki M,
Witkowska A, Gasecka A, et al. Neutrophil counts,
neutrophil-to-lymphocyte ratio, and Systemic
Inflammatory Response Index (SIRI) predict mortality
after off-pump coronary artery bypass surgery. Cells.
2022;11(7):1124.

Vol. 22, No. 4, August 2023

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/?term=Perra+R&cauthor_id=33291581
https://pubmed.ncbi.nlm.nih.gov/?term=Perra+R&cauthor_id=33291581
https://pubmed.ncbi.nlm.nih.gov/?term=Toller-Kawahisa+JE&cauthor_id=32926098
https://pubmed.ncbi.nlm.nih.gov/?term=de+Lima+M&cauthor_id=32926098
https://pubmed.ncbi.nlm.nih.gov/?term=Nascimento+DC&cauthor_id=32926098
https://pubmed.ncbi.nlm.nih.gov/?term=Mulay+SR&cauthor_id=32498376
https://pubmed.ncbi.nlm.nih.gov/?term=Rodzki+M&cauthor_id=35406687
https://pubmed.ncbi.nlm.nih.gov/?term=Witkowska+A&cauthor_id=35406687
https://pubmed.ncbi.nlm.nih.gov/35406687/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=G%C4%85secka+A&cauthor_id=35406687

24.

25.

26.

217.

28.

29.

30.

31.

32.

Neutrophil Count Predicting COVID-19 Severity

Zahorec R. Neutrophil-to-lymphocyte ratio, past, present
and  future  perspectives. Bratisl Lek  Listy.
2021;122(7):474-88.

Urbanowicz T, Michalak M, Ggsecka A, et al.
Postoperative Neutrophil to Lymphocyte Ratio as an
Overall Mortality Midterm Prognostic Factor following
OPCAB Procedures. Clin Practice. 2021;11(3):587-597.
Aly MM, Meshref TS, Abdelhameid MA, Ahmed S,
Shaltout A, Abdel-Moniem A, et al. Can hematological
ratios predict outcome of COVID-19 patients? A
multicentric study. J Blood Med. 2021:505-15.

Eissa M, Shaarawy S, Abdellateif MS. The role of
different inflammatory indices in the diagnosis of COVID-
19. Inte J General Med. 2021:7843-53.

Ertekin B, Yortanli M, Ozelbaykal O, Dorgu A, Acar T, et
al. The Relationship between Routine Blood Parameters
and the Prognosis of COVID-19 Patients in the Emergency
Department. Emergency Med Int. 2021;2021.

Citu C, Gorun F, Motoc A, Sas L, Daniel M, Luana M, et
al. The predictive role of NLR, d-NLR, MLR, and SIRI in
COVID-19 mortality. Diagnostics. 2022;12(1):122.
Simadibrata DM, Pandhita BAW, Ananta ME. Platelet-to-
lymphocyte ratio, a novel biomarker to predict the severity
of COVID-19 patients: A systematic review and meta-
analysis. Journal of the intensive Care Society.
2022;23(1):20-6.

Zhang Y, Xing Z, Zhou K, Jiang S. The predictive role of
systemic inflammation response index (SIRI) in the
prognosis of stroke patients. Clin Interv Aging.
2021:1997-2007.

Kim J-W, Jung J-Y, Suh C-H, Kim HA. Systemic immune-
inflammation index combined with ferritin can serve as a
reliable assessment score for adult-onset Still’s disease.
Clin Rheumatol. 2021;40:661-8.

Vol. 22, No. 4, August 2023

Iran J Allergy Asthma Immunol/ 397

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

