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Abstract. Immature granulocytes (IGs) include metamyelo‑
cytes, myelocytes and promyelocytes, and are the precursors 
of neutrophils. Increased IG counts found in peripheral blood 
indicate an enhanced bone marrow activity. In addition, IGs 
have been evaluated in numerous clinical conditions, such 
as severe acute pancreatitis, systemic inflammatory response 
syndrome and infectious complications following open‑heart 
surgery under cardiopulmonary bypass. Neutrophils are 
considered to play a crucial role in the host defense during 
bacterial and fungal infections, and are involved in the anti‑
viral immune response. Numerous studies have reported the 
role of neutrophils in coronavirus disease 2019 (COVID‑19) 
infection, concluding that the percentage of neutrophils may 
be a predictor of the severity of COVID‑19 infection. There 
has been limited research regarding the role of neutrophil 
precursors in viral infections, including severe acute respira‑
tory syndrome coronavirus 2 infection. The present thus aimed 
to evaluate the role of the IG count in patients hospitalized 
due to COVID‑19 infection. The patients were predominantly 
infected with the alpha variant and were all unvaccinated. The 

IG count was measured and was found to be associated with 
disease severity, with patient outcomes, with the duration of 
hospitalization and with the development of complications. 
The IG count was a significantly associated with the severity 
of COVID‑19 infection, with greater IG count values being 
detected in severe and critical cases. In addition, greater 
IG count values were associated with a longer duration of 
hospitalization. Furthermore, the IG count was found to be an 
independent prognostic biomarker of intubation and mortality 
in patients with COVID‑19, according to multivariate logistic 
regression analysis, including age, the male sex and the 
presence of comorbidities as confounders.

Introduction

Immature granulocytes (IGs) include metamyelocytes, 
myelocytes and promyelocytes, and are the precursors of 
neutrophils. The percentage of IGs can be measured using 
automated hematology analyzers, and elevated IG count values 
found in peripheral blood indicate an enhanced bone marrow 
activity (1).

IGs have been evaluated in numerous clinical conditions. 
In a previous study, the IG count was reported as an inde‑
pendent prognostic biomarker in patients with severe acute 
pancreatitis (1), while in another study, the IG count was found 
to be independently associated with the development of acute 
respiratory distress syndrome in patients with acute pancre‑
atitis (2). Furthermore, according to certain studies, the IG 
count is a useful marker for discriminating between infected 
and non‑infected patients early during systemic inflammatory 
response syndrome (3); a low IG count can exclude sepsis with 
high specificity, and the IG count is more positively associ‑
ated with infections and positive blood cultures than the white 
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blood cell count (4,5). Moreover, a post‑operative increase in 
the IG count has been shown to be associated with post‑oper‑
ative organ failure and may be used to identify patients who 
are at risk of developing infectious complications following 
open‑heart surgery under cardiopulmonary bypass (6).

Neutrophils are leukocytes derived from bone marrow, 
and are considered to play a major role in the host defense 
during bacterial and fungal infections. Neutrophils are also 
involved in the antiviral immune response, and are the first 
and predominant cell population that reaches affected tissues 
after viral infection (7). The beneficial and harmful effects of 
neutrophils in viral infections, as well as the antiviral mecha‑
nisms of neutrophils have been previously reported (7,8). The 
role of neutrophils has been mostly studied in the context of 
influenza A virus infection, a human respiratory virus that 
causes severe disease with high rates of mortality, particularly 
among the elderly (9). The importance of neutrophil function 
has also been studied in infections from other viruses, such as 
herpes simplex virus types 1 and 2, cytomegalovirus, vesicular 
stomatitis virus  (9), West Nile virus  (10) and respiratory 
syncytial virus (11).

Coronavi r us d isease 2019  (COVID‑19) is  an 
infectious disease caused by severe acute respiratory coro‑
navirus 2 (SARS‑CoV‑2) (12), which was first identified in 
December, 2019 in Wuhan, China, and has since spread glob‑
ally, resulting in an ongoing pandemic (13). Several researchers 
have reported the role of neutrophils in COVID‑19 infection, 
demonstrating that the percentage of neutrophils along with 
other markers may be predictors of the severity of COVID‑19 
infection (14,15) and that an increased neutrophil count and 
neutrophil‑to‑lymphocyte ratio are predominant in critical 
cases or non‑survivors (16).

However, to date, there has been limited research 
concerning the role of neutrophil precursors in viral infec‑
tions, including SARS‑CoV‑2 infection, at least to the best 
of our knowledge. The present study thus aimed to evaluate 
the role of the IG count in patients with COVID‑19 infec‑
tion.

Materials and methods

Study design. The design of the present study was prospective. 
Data were collected at the ‘Laiko General Hospital’ between 
October, 2020 and June, 2021. The present study was approved 
by the Institutional Board of Laiko General Hospital (protocol 
no.  716) and was in line with the declaration of Helsinki 
in 1995 (as revised in Edinburgh 2000). Written informed was 
obtained from all patients.

Study participants and data collection. In the present study, 
adult patients who visited or were hospitalized at the COVID‑19 
Unit of Laiko General Hospital due to SARS‑CoV‑2 infection, 
were enrolled. The patients were predominantly infected with 
the alpha variant and were all unvaccinated. All patients were 
treated according to the National Institutes of Health (NIH) 
protocols (17). Patients suffering from a disease or receiving 
medication that affects bone marrow neutrophil production 
were excluded from the study. More specifically, the exclusion 
criteria were the following: Hematological disorders, active 
cancer with or without chemotherapy or radiation treatment, 

autoimmune disorders and the administration of immunosup‑
pressive agents. SARS‑CoV‑2 infection was confirmed by the 
positive detection of SARS‑CoV‑2 nucleic acid in examined 
nasopharyngeal samples with the use of reverse transcrip‑
tion‑polymerase chain reaction (RT‑PCR). Whole blood from 
the participants upon admission was collected and used for the 
measurement of the IG count using an automated Sysmex ΧΕ 
2100 hematology analyzer (TOA Medical Electronics). The 
patients were classified into the following severity of illness 
categories: Mild/moderate, severe and critical based on the 
clinical spectrum of SARS‑CoV‑2 infection (17).

The following data were collected from all patients: 
i) Demographics: Age and sex; ii) the presence of comorbidities; 
iii) outcomes (recovery, intubation, mortality); iv) the dura‑
tion of hospitalization; v) the development of disease‑related 
complications (pulmonary embolism, myocardial infarction, 
hemorrhage, mesenteric ischemia, pneumothorax, hemato‑
logical complications). The IG count was associated with 
disease severity, outcomes, the duration of hospitalization and 
the development of complications.

Statistical analysis. Categorical variables are summarized 
as the number (percentage) and continuous variables as 
the mean ± standard deviation. The normal distribution of 
variables was assessed using the Kolmogorov‑Smirnov test. 
Normally distributed variables were compared using an inde‑
pendent samples Student's t‑test on factors with two groups 
and one‑way analysis of variance (ANOVA) with Bonferroni 
post hoc pairwise comparisons on factors with three groups. 
Multivariate logistic regression analysis was performed 
to identify independent variables. Odds ratios (ORs) with 
95% confidence intervals (CIs) are presented. Values of P<0.05 
were considered to indicate statistically significant differences. 
Statistical analysis was performed using IBM SPSS‑Statistics 
version 26.0 (IBM Corp.).

Results

A total of 1,005 patients, 581 (57.8%) males and 424 (42.2%) 
females with COVID‑19 were enrolled in the study. The 
mean age of the patients was 62.07±16.83 years. A total of 
798 (79.4%) patients had comorbidities. In addition, 134 (13.1%) 
patients had mild/moderate disease, 627 (62.4%) patients had 
severe disease and 243 (24.2%) patients had critical disease. 
Furthermore, 712 (70.8%) patients had a duration of hospital‑
ization >10 days, 27 (2.7%) patients developed complications, 
92 (9.2%) patients were intubated and 142 (14.1%) patients did 
not survive (Table I).

The mean IG count was 0.03±0.02x109/l in patients with 
mild/moderate disease, 0.05±0.10x109/l in patients with 
severe disease and 0.09±0.15x109/l in patients with critical 
disease. There was a statistically significant difference in the 
mean values of the IG counts between the three groups of 
disease severity, with the greatest mean value of IG observed 
in patients with critical disease (P=0.0001) (Fig.  1 and 
Table II).

 The mean IG count was 0.05±0.09x109/l in patients with 
a duration of hospitalization <10 days and 0.07+0.12x109/l in 
patients with a duration of hospitalization >10 days. There was 
a statistically significant difference in the mean values of IG 
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counts between the patients with a duration of hospitalization 
>10 and <10 days (P=0.029; Table II).

The mean IG count was 0.07±0.06x109/l in patients who 
developed complications and 0.06±0.11x109/l in patients who 
did not develop complications. Although the mean value of 
IG count was higher in patients who developed complication, 
no statistically significant difference was observed (P=0.66; 
Table II).

The mean IG count was 0.11±0.15x109/l in patients who 
were intubated and 0.06±0.10x109/l in patients that were not. 
There was a statistically significant difference in the mean IG 
count between patients who were intubated and patients who 
were not intubated (P=0.002; Table II).

The mean IG count was 0.11±0.15x109/l in patients who 
did not survive and 0.05±0.10x109/l in patients who recovered. 

There was a statistically significant difference in the mean IG 
count between patients who did not survive and patients who 
recovered (P=0.001; Table II).

Following multivariate logistic regression analysis, 
including as confounders age, male sex and the presence of 
comorbidities, an independent association was found between 
the IG count and intubation (OR, 13.98; 95% CI, 3.7‑52.83; 
P= 0.003) (Table III). An independent association was also 
detected between the IG count and mortality (OR,  42.17; 
95% CI, 10.23‑173.85; P= 0.001) (Table IV).

Discussion

Severe stressors, including sepsis, trauma and viral infec‑
tions, can trigger emergency granulopoiesis, a hematological 
response mechanism that rapidly enhances de novo neutrophil 
production to cope with increased demands (18). This process 
leads to the presence of both immature and mature neutrophils 
in the peripheral circulation, which can have immunosup‑
pressive or pro‑inflammatory effects (19). Despite a lack of 
understanding of the role of mature and immature neutrophils 
in the immune response, as well as their distinct characteris‑
tics, clinical interest in these cells is increasing due to their 
increasingly apparent association with disease severity and 
treatment response in a variety of pathologies, including sepsis 
and severe influenza (20). It has been reported that the process 
of emergency granulopoiesis and the availability of numerous 
freshly generated granulocytes may increase their destructive 
capacity (21).

According to the results of the present study, the IG count 
was associated with disease severity, with greater IG count 
values being detected in severe and critical cases. In addition, 
greater IG count values were found to be associated with a 
longer duration of hospitalization. Furthermore, the IG count 
was an independent prognostic biomarker of intubation and 
mortality in patients with COVID‑19.

Several studies have demonstrated the efficacy of standard 
blood tests performed upon patient admission to the hospital 
for the diagnosis and prediction of the severity of COVID‑19 
infection  (15,22‑24). The IG% is a metric that is poorly 
understood and underutilized by clinicians. In a routine blood 
count, this parameter may be measured inexpensively and 
swiftly (22). The early release of immature neutrophils from 
bone marrow into peripheral blood has been linked to inflam‑
mation, particularly in numerous infectious diseases (24). As 
a result, the IG% may be a reliable biomarker, which may be 
extremely useful in the context of the prediction of the severity 
of COVID‑19 infection and patient outcomes. Moreover, the 
half‑life of IGs is 3 h and a short half‑life marker easily reflects 
the inflammation status compared to other parameters with a 
longer half‑life (25).

The IG count has been reported as an indicator of 
the severity of COVID‑19 infection in a some studies. 
Kuri‑Cervantes et al  (26) demonstrated that patients with 
severe COVID‑19 infection were distinguished from those 
with mild or moderate infection by the extensive induction and 
activation of various immune lineages, including the modula‑
tion of innate lymphocytes and granulocytes, manifested as 
changes in the frequency and phenotype of circulating IGs. 
Carissimo  et  al  (24) performed the comprehensive flow 

Figure 1. Mean values of IG counts in mild/moderate, severe and critical 
disease. The greatest mean IG count value was observed in patients with 
critical disease, when comparing patients with mild/moderate, severe and 
critical disease (P=0.0001). IG, immature granulocyte.

Table I. Characteristics of the study population.

	N o. of patients (%),
Characteristic	  n=1,005

Sex	
  Male 	 581 (57.8)
  Female	 424 (42.2)
Age (years ± SD)	 62.07±16.83
Disease severity	
  Mild/moderate	 134 (13.1%) 
  Severe	 627 (62.4%) 
  Critical 	 243 (24.2%) 
Outcomes	
  Hospitalization >10 days  	 712 (70.8%)
  Complications	 27 (2.7%)
  Recovery	 863 (85.9%)
  Intubation	 92 (9.2%)
  Mortality	 142 (14.1%)

SD, standard deviation.
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cytometric analysis of whole blood samples from patients with 
SARS‑CoV‑2, which revealed a significant increase in the 
number of IGs. This increase was found to be prominently asso‑
ciated with disease severity (24). Schulte‑Schrepping et al (27), 
in their study, mentioned that severe COVID‑19 infection was 
marked by the presence of neutrophil precursors, as evidence 
of emergency myelopoiesis, indicating that COVID‑19 induces 
marked alterations in the neutrophil compartment.

According to the study by Combadière et al (28), increased 
proportions of circulating IGs expressing either CD123 or 

lectin‑like oxidized low‑density lipoprotein receptor‑1 in 
critical COVID‑19 cases were associated with disease severity 
and thromboembolic complications. In addition, in their study 
on 368 patients with SARS‑CoV‑2 infection, Myari et al (22) 
discovered that the IG count may be a useful indicator of 
critical disease.

The delta neutrophil index (DNI) represents a marker 
obtained by calculating the fraction of circulating IGs. 
Birben et al (29), in their study on 388 patients with COVID‑19 
requiring intensive care, concluded that the DNI could be used 
as an effective prognostic biomarker for mortality in these 
patients. Moreover, according to the study by Karagol et al (30), 
there was a statistically significant association between the 
DNI levels and the severity of multisystem inflammatory 
syndrome in children with COVID‑19.

Notably, Daix et al (31) reported that the IG count could 
aid in the identification of pulmonary bacterial infections in 
patients in the intensive care unit hospitalized for acute respi‑
ratory distress syndrome caused by COVID‑19. To the best 
of our knowledge, the present study is the first to mention a 
statistically significant association between the IG count and 
the duration of hospitalization, and between the IG count and 
intubation and mortality in patients hospitalized in general 
hospital wards due to COVID‑19.

However, there are some limitations to the present study. 
Although the strong points of the study are the large number 
of participants and reliable follow‑up, this was a single‑center 
study. In addition, patients vulnerable to SARS‑CoV‑2 infec‑
tion, such as those suffering from hematological disorders, 
active cancer and autoimmune disorders were excluded. Thus, 
further comprehensive multicenter, prospective studies are 
required for more detailed results.

In conclusion, the present study demonstrates that the 
IG count is associated with the severity of COVID‑19 infec‑
tion, with greater IG count values observed in severe and 
critical cases. In addition, greater IG count values were found 
to be associated with a longer duration of hospitalization. 
Furthermore, the IG count was found to be an independent 
prognostic indicator of intubation and mortality in patients 
with COVID‑19.
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