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Abstract 

Neutrophils play an important role in the pathophysiology of COVID-19. However, the dynamics of changes in 

neutrophil numbers and function in convalescent individuals of SARS-CoV2 infection has not been well explored. 

Hence, we aimed to determine absolute counts, percentages of neutrophils, Neutrophil-To-Lymphocyte Ratio (NLR) 

and the plasma levels of neutrophil elastase (NE), myeloperoxidase (MPO) and proteinase-3 (PTN-3) in seven 

groups of COVID-19 individuals, based on days since RT-PCR confirmation of SARS-CoV-2 infection. Our data 

demonstrated that both absolute counts and percentages of neutrophils, neutrophil-to-lymphocyte ratio (NLR), as 
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well as the circulating levels of NE, MPO and PTN-3 decreased from Days 15-30 to Days 91-120 and plateaued 

thereafter. Severe COVID-19 patients exhibited increased levels of neutrophil counts and percentages, NL ratio and 

NE, MPO and PTN-3. Thus, our study provides an important insight into the kinetics of alterations in neutrophil 

counts, percentages, the NL ratio and the levels of neutrophil granular proteins in convalescent COVID-19 

individuals.  

 

Keywords: COVID-19; Myeloperoxidase; Neutrophils; Neutrophil elastase; Proteinase-3 

 

1. Introduction 

Coronavirus disease 2019 (COVID-19) is triggered by SARS-CoV-2. The COVID-19 symptoms spans a spectrum 

from no symptoms to shock, severe respiratory failure, and dysfunction of multi-organ systems [1]. Neutrophils 

migrate to the infection site following viral infection and initiate the antiviral response. Recent reports found that 

neutrophils are elevated in severe COVID-19 patients compared to mild patients [2-7]. COVID-19 patients were 

shown to have augmented numbers of neutrophils in the blood [2, 8]. Recent data suggests that Neutrophil-To-

Lymphocyte Ratio (NLR) could be used as a systemic inflammation indicator for COVID-19 [9-11]. Moreover, in 

other diseases such as Chronic Obstructive Pulmonary Disease (COPD), pancreatitis and cardiovascular disease, 

NLR has been used as a good prognostic marker for clinical outcomes and disease development [11]. Neutrophils 

are the first responders and kill pathogens through oxidative burst and phagocytosis but damage the tissues [12]. 

Neutrophil granules encompass numerous serine proteases consisting of proteinase-3, Neutrophil Elastase, 

lysozyme, MPO, cathepsin G and lactoferrin, which has a role in bystander tissue destruction [13]. These enzymes 

and proteins, that are also present in neutrophil extracellular traps (NETs), can modify immunity to viral infection 

via induction of autoantigens and immune complexes [14]. In our study, we sought to study COVID-19 influence on 

neutrophil numbers and the circulating levels of neutrophil granular proteins in COVID-19 patients over time. 

 

2. Materials and Methods        

2.1. Study population  

Acute COVID-19 (15-30 days from RT-PCR confirmation, n=46) and Convalescent COVID-19 individuals 

(classified by days after infection as 31-60, n=33; 61-90, n=38; 91-120, n=34; 121-150, n=32; 151-180, n= 37 and 

more than 180, n=40), residing in Chennai and Tiruvallur were enrolled in the study between November 2020 and 

December 2020 after taking informed consent from the enrolled study individuals [15, 16]. Those who had active 

COVID-19 infection under home isolation and recovered COVID-19 patients within 0-15 days of RT-PCR 

confirmation were excluded from the study. The age group ranged between 18-75 years. COVID-19 was confirmed 

by RT-PCR in Government approved laboratories and published elsewhere [15, 16].  

 

2.2. Measurement of Hematological Parameters 

Hematological parameters were measured from fresh venous EDTA blood samples on all individuals using an ACT 

5 Diff. hematology analyzer (Beckman Coulter, Brea, CA, USA). The NLR was calculated as the absolute 

neutrophil count divided by the absolute lymphocyte count. Demographic details and other clinical parameters are 

shown in Table 1 and the patient’s population was the same as described previously [15, 16].  



Arch Clin Biomed Res 2022; 6 (2): 378-389       DOI: 10.26502/acbr.50170253 

 

 

Archives of Clinical and Biomedical Research                     Vol. 6 No. 2 – April 2022. [ISSN 2572-9292].                       380  

Days after RT-PCR 

confirmation 
15-30 

days 

31-60 

days 

61-90 

days 

91-120 

days 

121-150 

days 

151-180 

days 

More than 

180 days 

Subjects enrolled n=46 n=33 n=38 n=34 n=32 n=37 n=40 

Median age (range) 41.5(18- 

70) 

36(25-

68) 

45(19-

59) 

45 (21-

69) 

45.5(27-

59) 

42 (23-

58) 

38.5(21-78) 

Gender (M/F) 27/19 17/18 22/15 22/12 14/18 23/16 26/14 

Fever, no. (%) 29 (67) 22 (65) 28 (74) 23 (74) 25 (83) 23 (72) 17 (47) 

Chills, no. (%) 9 (21) 5 (15) 2 (5) 7 (22) 4 (13) 1 (3) 3 (8) 

Cough, no. (%) 21 (49) 20 (59) 14 (37) 15 (48 ) 14 (47) 17 (53) 12 (33) 

Sore throat, no. (%) 21 (49) 12 (35) 11 (29) 12 (38) 10 (33) 16 (50) 13 (36) 

Runny nose, no. (%) 7 (16) 6 (18) 5 (13) NIL 3 (10) 6 (19) 5 (14) 

Taste loss, no. (%) 24 (55) 14 (41) 17 (44) 12 (39) 11 (37) 20 (63) 12 (33) 

Smell loss, no. (%) 21 (49) 14 (41) 21 (55) 9 (29) 11 (37) 16 (50) 10 (28) 

Muscle aches, no. (%) 23 (53) 20 (59) 29 (76) 15 (48) 18 (60) 21 (66) 13 (36) 

Joint pain, no. (%) 21 (49) 18 (53) 20 (53) 10 (32) 18 (60) 14 (44) 9 (25) 

Abdominal pain, no. (%) 3 (7) 3 (9) 4 (11) 2 (6.5) 3 (10) 2 (7) 3 (8) 

Vomit, no. (%) 3 (7) 4 (12) 5 (13) 4 (13) 3 (10) 5 (16) 3 (8) 

Diarrhea, no. (%) 10 (23) 5 (15) 4 (11) 4 (13) 6 (30) 5 (16) 2 (6) 

Seizures, no. (%) NIL 1 (3) NIL NIL NIL NIL NIL 

Hypertension, no. (%) 11 (26) 7 (21) 7 (18) 7 (23) 9 (30) 9 (28) 8 (22) 

Diabetes, no. (%) 8 (19) 7 (21) 11 (30) 9 (29) 11 (37) 8 (25) 7 (19) 

Asthma, no. (%) 2 (5) 2 (6) 1 (3) 1 ( 3) NIL 1 (3) NIL 

Chronic Kidney Disease, 

no. (%) 

NIL NIL NIL NIL 1 (3) NIL 1 (3) 

Neuro, no. (%) NIL NIL 2 (5) NIL NIL NIL NIL 

Heart, no. (%) 1 (6) 2 (3) 1 (3) NIL NIL 1 (3) NIL 

Rheumatic fever, no. (%) NIL NIL 1 (3) NIL NIL 1 (3) NIL 

Corticosteroids, no. (%) 4 (9) 3 ( 9) 2 (5) 3 (10) 1 (3) 1 (3) NIL 

Antiviral drug, no. (%) 4 (9) 5 (15) 2 (5) 4 (13) NIL NIL NIL 

 

Table 1: Demographics and clinical parameters of the study population. 

 

2.3. Measurement of Neutrophils Granular Proteins 

Plasma levels of MPO, PTN-3 (R&D Systems, Minneapolis, MN, USA), NE (Cell Sciences Hycult Biotech, Canton, 

MA, USA) ELISA kits followed by the manufacturer’s protocol. The detection limits were as follows: MPO, 62.50–

4,000 pg/ml; PTN-3, 15.6–1,000 pg/ml; NE, 0.4–25 ng/ml. We have assigned the lowest standard value to the 

samples that were below the threshold of detection. 
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3. Statistical Analysis: 

GraphPad PRISM.9 was used to analyse the data (GraphPad Software, Inc., San Diego, CA, USA). Cross-sectional 

analysis of haematological parameters and the levels of neutrophil granular proteins were accomplished by means of 

polynomial model for best fit curve (either first order or second order model). Central tendency were measured 

using Geometric Means (GM). Kruskal-Wallis test with Dunn’s multiple comparisons was used for comparative 

analysis. Nonparametric Mann-Whitney U test was used for the comparison between mild versus severe COVID-19 

patients. Spearman rank correlation matrix was done using JMP 16 (SAS) software. 

 

3.1. Ethics statement 

The study was approved by the Ethics Committees of ICMR-NIRT (NIRT-INo:2020047) and ICMR-NIE 

(NIE/IHEC/202008-01). Informed written consent was taken from all the recruited individuals. All the protocols 

were followed according to the relevant institutional ethical committee guidelines. 

 

4. Results 

4.1. Study population characteristics 

The clinical and demographics data are illustrated in Table I. No considerable differences were seen among the 

study populations in their age or sex [15,16]. 

 

4.2. Decrease in numbers of Neutrophils and Neutrophil to Lymphocyte Ratio in convalescent COVID-19 

individuals over a period of time 

To establish the neutrophil percentage, neutrophils absolute numbers, neutrophil to Lymphocyte Ratio (NLR), in 

acute and convalescent COVID-19 individuals over time, we observed these parameters in seven groups of COVID-

19 individuals. As shown in Figure 1A, cross sectional analysis revealed a significant reduction in the percentages of 

neutrophils (first order model polynomial model fit curve, R
2
=0.97 by Akaike’s Information Criterion), absolute 

numbers of neutrophils (first order model polynomial model fit curve, R
2
=0.95 by Akaike’s Information Criterion) 

and NLR (first order model polynomial model fit curve, R
2
=0.77 by Akaike’s Information Criterion) from day 15-30 

till 91-120 days and plateaued thereafter. As shown in Figure 1B, the comparative analysis also exhibited significant 

differences between different time intervals. The percentages, absolute numbers and the NLR of neutrophils started 

decreasing from days 15-30 till 91-120 days. The 95% of confidence intervals are shown in Suppl.Table.1. Thus, the 

percentage and number and NLR levels decrease over time following COVID-19 infection. 
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Figure 1: Decrease in numbers of Neutrophils and Neutrophil to Lymphocyte Ratio in convalescent COVID-19 

individuals over a period of time 

(A)Analysis of absolute neutrophils counts, percentages and Neutrophil to Lymphocyte Ratio were shown using best 

fit curve model from acute and convalescent COVID-19 individuals classified as groups based on days since RT-

PCR confirmation. Both absolute counts and percentages and Neutrophil to Lymphocyte Ratio were shown with 

preferred model for best fit curve and each dot represents single individuals. Thick black line represents best fit 

curve. (B) Analysis of absolute neutrophils counts, percentages and Neutrophil to Lymphocyte Ratio from acute and 

convalescent COVID-19 individuals classified as groups based on days since RT-PCR confirmation. The data are 

represented as scatter violin plots with each circle representing a single individual. p values were calculated using 

the Kruskal-Wallis test with Dunn’s post-hoc for multiple comparisons. 

 

4.2. Decreased levels of Neutrophil granular proteins in convalescent COVID-19 individuals over a period of 

time 

Next, we wanted to ascertain the levels of neutrophil granular proteins in convalescent COVID-19 individuals over 

time. As illustrated in Figure 2A, cross sectional analysis exhibited that the levels of NE (first order model 

polynomial model fit curve, R
2
=0.93 by Akaike’s Information Criterion), MPO (first order model polynomial model 

fit curve, R
2
=0.96 by Akaike’s Information Criterion) and PTN-3 (first order model polynomial model fit curve, 

R
2
=0.99 by Akaike’s Information Criterion) started declining from days 15-30 till 91-120 days. After 121 days of 

infection, the neutrophil granular proteins levels (NE, MPO and PTN-3) plateaued. As shown in Figure 2B, the 

comparative analysis also exhibited significant differences between different time intervals. The circulating levels of 

NE, MPO and PTN-3 began declining from days 15-30 till 91-120 days. The 95% of confidence intervals are shown 

in Suppl.Table.1. Thus, the neutrophil granular proteins levels decrease over the time following COVID-19 

infection. 

 



Arch Clin Biomed Res 2022; 6 (2): 378-389       DOI: 10.26502/acbr.50170253 

 

 

Archives of Clinical and Biomedical Research                     Vol. 6 No. 2 – April 2022. [ISSN 2572-9292].                       383  

 

 

Figure 2: Decreased levels of Neutrophil granular proteins in convalescent COVID-19 individuals over a period of 

time. 

 

Analysis of neutrophil granular proteins; Neutrophil Elastase (NE), Myeloperoxidase (MPO) and Proteinase-3 

(PTN-3) from acute and convalescent COVID-19 individuals classified as groups based on days since RT-PCR 

confirmation. The levels of neutrophil granular proteins are shown with preferred model for best fit curve and each 

dot represent single individuals. Thick black line represents best fit curve. (B) Analysis of neutrophil granular 

proteins; Neutrophil Elastase (NE), Myeloperoxidase (MPO) and Proteinase-3 (PTN-3)   from acute and 

convalescent COVID-19 individuals classified as groups based on days since RT-PCR confirmation. The data are 

represented as scatter violin plots with each circle representing a single individual. p values were calculated using 

the Kruskal-Wallis test with Dunn’s post- hoc for multiple comparisons. 

 

4.3. Severe COVID-19 disease is associated with elevated levels of neutrophils, NLR and neutrophil granular 

proteins  

To examine the association between neutrophils and disease severity, we ascertained the absolute counts of 

neutrophils, percentage of neutrophils and NLR in COVID-19 patients with mild or severe disease. As illustrated in 

Figure 3A, the percentage of neutrophils (Geomean (GM) of 52.7% in mild, 68.8% in severe, p<0.0001), absolute 

count of neutrophils (GM of 3829 cells/ul in mild, 5898 cells/ul in severe, p<0.0001), NLR (GM of 1.55 cells/ul in 

mild, 3.02 cells/ul in severe, p<0.0001) were significantly elevated in severe COVID-19 patients compared with 

mild COVID-19 patients. Subsequently, we examined the levels of neutrophil granular proteins in mild and severely 

diseased COVID-19 patients. As shown in Figure 3B, the levels of NE (GM of 1341 ng/ml in mild, 2282 ng/ml in 

severe, p<0.0001), MPO (GM of 1850 pg/ml in mild, 3480 pg/ml in severe, p<0.0001) and PTN-3 (GM of 757 

pg/ml in mild, 909 pg/ml in severe, p<0.0001) were significantly elevated in severe than the mild COVID-19 

patients. Hence, severe COVID-19 disease is associated with increased levels of neutrophils, NLR and neutrophil 

granular proteins. 
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Figure 3: Severe COVID-19 disease is associated with elevated levels of neutrophils. NLR and neutrophil granular 

proteins 

 

The absolute neutrophils counts, percentages and Neutrophil to Lymphocyte Ratio in mild (n=30) and severe (n=15) 

COVID-19 individuals sampled between days 15 to 60 following RT-PCR confirmation. The data are represented as 

scatter plots with each circle representing a single individual. p values were calculated using the Mann– Whitney U-

test. (B) The levels of neutrophil granular proteins; Neutrophil Elastase (NE), Myeloperoxidase (MPO) and 

Proteinase-3 (PTN-3) in mild (n=30) and severe (n=15) COVID-19 sampled between days 15 to 60 following RT-

PCR confirmation. The data are represented as scatter plots with each circle representing a single individual. p 

values were calculated using the Mann– Whitney U- test. 

 

4.4. Association between absolute neutrophil counts and neutrophil granular proteins levels 

Next, we sought to ascertain the relationship between absolute neutrophil counts and neutrophil granular proteins 

levels in seven groups of COVID-19 patients. As illustrated in Figure 4, absolute counts of neutrophils revealed 

significant positive correlation with Neutrophil Elastase (r = 0.6299), MPO (r = 0.7546) and PTN-3 (r = 0.7705). 

Thus, absolute neutrophil counts exhibited positive correlation with neutrophil granular proteins. 

 

 

 

Figure 4: Association between absolute neutrophil counts and neutrophil granular proteins levels. 
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Multiparametric correlation plot of absolute neutrophils counts and the levels of neutrophil granular proteins; 

Neutrophil Elastase (NE), Myeloperoxidase (MPO) and Proteinase-3 (PTN-3) from all seven group of convalescent 

COVID-19 individuals classified as groups based on days since RT-PCR confirmation. Correlation analysis was 

done using Spearman's correlation analysis. 

5. Discussion 

Recent studies suggest that during COVID-19, neutrophils play a dynamic role in inflammation, immunopathology 

and severe disease [17]. Neutrophils are mostly the primary responders to act up on infection and injury, also causes 

consequential collateral impairment [18]. Neutrophils could intensify pathological impairment or manipulate other 

cell subsets determined by the infection characteristics [17, 19]. In COVID-19, a possible function of neutrophils has 

not been well studied, similar to monocyte and macrophages [20]. Recently, significant data has started to come-up, 

containing the predictive value of NLR [21]. Also, the bronchoalveolar lavage of critically ill COVID-19 patients 

contains elevated neutrophils and immature neutrophils [22].  Various findings have determined that both in animals 

and human studies showed that neutrophils are dynamically conscripted to the infection site, which induces the 

development of lung inflammation in several viral infections [23, 24]. Longitudinal studies from hospitalized 

patients, determined that the severity linked with elevated neutrophil number continues over the period of time [17, 

25-27]. Acute COVID-19 individuals exhibited significantly elevated counts of neutrophils than the mild and 

moderate COVID-19 hospitalized patients [17, 28-31]. Recent studies determined that acute COVID-19 patients 

exhibited higher neutrophil counts than HCs and non-ICU patients those who had mild to moderate disease [17, 

31,32]. Lu et. al. described that following 14 days of hospitalization, WBCs, neutrophils, monocytes and eosinophils 

slowly improved [33]. Ding et. al., observed that severe COVID-19 patients exhibited elevated neutrophil counts 

than the non-severe disease of samples collected in days varying from 1-15 of post-hospitalisation [28]. Consistent 

with previous reports, our data also exhibited decreased absolute and percentages of neutrophils decreased with 

increased time of convalescence. In line with previous reports, the percentage and absolute counts of neutrophils 

were significantly increased in severe cases of COVID-19 in comparison with mild COVID-19 cases. An enhanced 

neutrophil: lymphocyte ratio (NLR) occurs as a results of SARS-CoV-2-stimulated apoptosis, systemic 

inflammation and lymphopenia alongside increased counts of neutrophils [30, 34]. Following the COVID-19 patient 

improvement, the ratio of neutrophil–lymphocyte ratio (NLR) gradually returned to normal [33]. Additionally, 

elevated NLR ratio is observed in acute COVID-19 patients [7, 35]. Similarly, we also observed that NLR started 

decreasing over the period of time. Also, severely infected patients exhibited increased NL ratio in comparison to 

mild COVID-19 patients which indicates that stimulation of neutrophil might alter immune response following 

SARS-CoV-2 infection [7]. Thus, our data shows that neutrophils and NL ratio act a crucial role in innate immunity, 

exacerbation in COVID‐19 and following recovery reverts to its homeostatic level. Neutrophils act via the release of 

neutrophil elastase and antimicrobic particles and the development of neutrophil extracellular traps (NETs) [36, 37]. 

NE belongs to serine protease accumulated inside the elemental particles of neutrophils. Following SARS-CoV-2 

infection, the stimulated neutrophils release the granule-derived proteins (e.g. NE, MPO) and potent degranulation 

occurs [17]. Upon neutrophil activation, myeloperoxidase (MPO) granular proteins are produced for dissemination 

[38, 39]. The acute COVID-19 patients who have ARDS and COVID-19 individuals with varying clinical spectrum 

ranges from mild to fatal exhibited significantly elevated levels of NE respectively [40, 41]. A recent report showed 

that MPO‐DNA levels were enhanced in admitted COVID‐19 patients than the controls and associated with their 

absolute neutrophil count [42]. Consistent with earlier studies, the circulating levels of NE, MPO and PTN-3 started 
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decreasing over a period of time and then plateaued after 121 days of post COVID-19 disease. Also, the severe 

COVID-19 patients showed enhanced levels of NE, MPO and PTN-3 in comparison to mild COVID-19 patients. In 

general, in COVID-19 patients, the NE and MPO are involved in neutrophil infiltration [43, 44]. Thus, our study 

demonstrates that alterations in the circulating neutrophil granular proteins levels are correlated with the absolute 

counts of neutrophils seen in acute and convalescent COVID-19 individuals. Our study has certain limitations, we 

have not examined the functional impact of the above mentioned alterations of neutrophils and granular proteins and 

it was a cross-sectional and not a longitudinal study. Nevertheless, our study offers impetus to stimulate the study of 

the role of these neutrophils and granular proteins in acute and convalescent COVID-19.  Our study has the benefit 

of a quite significant sample size, provides the dynamics of  neutrophils and its granular proteins from early 

infection to more than 6 months post COVID-19 infection. Our data therefore correlates dynamic changes in the 

number, percentages of neutrophil, NLR, and neutrophil granular proteins NE, MPO and  PTN-3 as a key player in 

COVID-19.  

 

Supplementary Material 

Supplementary Table.1. contains the value of 95% of CI for neutrophils, NLR and neutrophils granular proteins.  

 

S. 

No 

Parameters 15-30 

days 

31-60 

days 

61-90 

days 

91-

120 

days 

121-

150 

days 

151-

180 

days 

More 

than 180 

days 

p value 

1 Neutrophil 

% 

61.10 56.93 49.65 48.20 46.50 38.07 38.27 <0.0001 

2 Absolute count 

of neutrophils 

 

5579 

 

4442 

 

3825 

 

3019 

 

2689 

 

2095 

 

1374 

<0.0001 

3 NLR 2.001 1.891 1.127 1.160 0.9864 0.9485 0.6802 <0.0001 

4 Elastase 1891 1568 1330 1297 1021 757.5 621.8 <0.0001 

5 MPO 3387 2303 2206 1712 1057 588.0 539.0 <0.0001 

6 Proteinase-3 927.1 839.2 793.3 498.6 339.1 286.6 278.8 <0.0001 

 

Table 1: 95% of CI of neutrophil, NLR and neutrophil granular proteins. 
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