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Differential alteration trend of white blood cells (WBCs) and monocytes
count in severe and non-severe COVID-19 patients within a 7-day
follow-up
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ABSTRACT

Background and Objectives: Several studies have focused on the alterations of hematological parameters for a better un-
derstanding of the COVID-19 pathogenesis and also their potential for predicting disease prognosis and severity. Although
some evidence has indicated the prognostic values of thrombocytopenia, neutrophilia, and lymphopenia, there are conflicting
results concerning the leukocyte and monocyte count.

Materials and Methods: In this retrospective Double Centre study, we reviewed the results of WBC and monocyte counts
of 1320 COVID-19 patients (243 of whom (18.4%) had severe disease) both on admission and within a 7-day follow-up.
Results: We found that both the number of monocytes and the percentage of monocytosis were higher in the severe group;
however, it was not statistically significant. On the other hand, we found that not only the mean number of WBCs was signifi-
cantly higher in the severe cases also leukocytosis was a common finding in this group; indicating that an increased number
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ALTERATION OF WHITE BLOOD CELLS IN COVID-19 PATIENTS

of WBC may probably predict a poor prognosis. Also, the monocyte count was not affected by age; however, univariate
analysis showed that the percentage of leukocytosis was significantly greater in the older group (>50) with an odds ratio of

1.71 (P: 0.003).

Conclusion: Alteration of monocytes either on admission or within hospitalization would not provide valuable data about
the prediction of COVID-19 prognosis. Although the rapidly evolving nature of COVID-19 is the major limitation of the
present study, further investigations in the field of laboratory biomarkers will pave the way to manage patients with severe

disease better.
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INTRODUCTION

December 2019 will never be forgotten in the his-
tory of medicine when an outbreak of pneumonia of
unknown etiology in Wuhan sooner or later prompt-
ed the World Health Organization (WHO) to issue
a public health warning emergency (1). This is not
the first nor will it be the last time that a member
of B-coronaviruses (CoVs), as mysterious enveloped
positive-strand RNA pathogens (2), is waging a full-
scale war against human health. Although the disease
course is non-severe in most COVID-19 patients and
the number of recovered cases is promising (3), the
number of deaths is still alarming (4). The respirato-
ry tract involvement was mostly noted at the begin-
ning of the spread but soon several studies indicated
the hyper-inflammatory nature of the disease (5, 6),
which may lead to the injury of non-pulmonary or-
gans (7-9).

Several studies have focused on alterations in he-
matological parameters to better understand the dis-
ease pathogenesis and their potential for predicting
prognosis and severity (10). Several studies are re-
porting that severe COVID-19 is associated with an
increased number of white blood cell count. Howev-
er, one in four COVID-19 positive patients, on the
other hand, may experience some form of leukope-
nia, with the majority (63.0%) exhibiting lymphope-
nia (11). Although some evidence has indicated the
prognostic values of thrombocytopenia (12, 13), neu-
trophilia, and lymphopenia (14-16) in SARS-CoV-2
infection, there are conflicting results concerning
monocyte count in this infection. While some studies
have reported an increased monocyte count (17, 18),
others showed no significant changes (19) and a few
reported a decrease in the number of monocytes (20).
This controversy shows that the monocytes’ alter-
ation is still open to debate and this issue remains to
be extensively discovered. In a case report study of a
55-year-old woman, Singh et al. indicated that during
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the hospital stay the initial monocytopenia was sub-
sequently accompanied by monocytosis. By the
analysis of peripheral blood film, they also reported
the presence of activated monocytes which showed
marked anisocytosis with prominent cytoplasmic
vacuolization and few granules; indicating that both
the increased number and activation of monocytes
may be associated with a favorable outcome (21).
Notably, several primary examinations in addition to
previous data from epidemic SARS-CoV-1 propose
that monocytes can play an early and fundamental
role in the progression of the coronavirus disease to
the severe condition by stimulating cytokine storm,
acute respiratory distress syndrome (ARDS), and
dispersed peripheral tissue injury (22). Also, it has
been indicated that angiotensin-converting enzyme
type 1 and 2 (ACE1/2) which serve as host cell re-
ceptor for human pathogenic coronaviruses are
presented on the human monocyte subsets and can
be involved in the vascular homeostasis regulation.
Consequently, SARS-CoV-2-activated monocytes
might be seriously involved in the pathogenic out-
come of the disease via disturbance of ACE2 func-
tion (23). In the present study, we targeted a group
of 1320 confirmed COVID-19 patients to evaluate
the monocyte profile and its correlation with the al-
teration of white blood cells (WBC) during a 7-day
follow-up. Also, we aimed to investigate if there is
any correlation between the monocyte counts and
disease severity; hoping that the results of our study
will shed light on the prognostic value of monocytes
in COVID-19.

MATERIALS AND METHODS

Patients and procedures. To investigate the alter-
ation of the white blood cell (WBC) and monocyte
(Mon) counts in patients infected with SARS-CoV-2,
we conducted this retrospective Double-Centre study
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that was approved by the Shahid Beheshti University
of Medical Sciences Ethics Committee. Patients re-
cruited at Taleghani and Shohadae Tajrish Hospitals
in Tehran, Iran, from February 20 to May 20, 2020,
were inspected using chest CT and PCR analysis. An
expert radiologist reviewed all imaging features, in-
cluding pure consolidation, pure ground-glass opaci-
ty (GGO), mixed consolidation/GGO, crazy-paving,
reversed halo, intralesional traction bronchiectasis,
intralesional vascular enlargement, linear opacities,
pleural effusion, and pericardial effusion. We as-
signed a thin-section CT involvement score based on
the involvement extent of abnormal areas. The pres-
ence of SARS-CoV2 in pharyngeal swab specimens
was also detected by RT-PCR analysis. Conditions for
the amplifications were 50°C for 15 min, 95°C for 3
min, followed by 45 cycles of 95°C for 15 s and 60°C
for 30 s. We retrospectively extracted data on the
WBC and monocyte counts from patients’ electronic
medical records both on admission and at discharge.
We also reviewed the alteration of these parameters
in hospitalized patients within a 7-day follow-up. The
percentage of leukocytosis (WBC >11 x 10%L) and
monocytosis (monocyte >0.7 x 10%L) was also cal-
culated in the studied population. Either admission to
the intensive care unit (ICU) or death was defined as
criteria for the severity of the disease.

Statistical analysis. The continuous variables
were examined to determine the normality of the dis-
tribution using histograms, measures of skewness
and kurtosis, and Kolmogorov—Smirnov test. The
normally distributed variables were described as the
means + standard deviation (SD) and the skewed dis-
tributed variables were expressed as the median and
interquartile range (25-75%). Categorical variables
were summarized as frequencies (percentages). The
normally distributed continuous variables were com-
pared between non-severe and severe groups using
the two independent sample t-test and non-normally
distributed variables with the Mann-Whitney U test.
Logistic regression models were applied to assess the
associations of age group, sex, and their combinations
with leukocytosis and monocytosis. For each model,
the odds ratio (OR) and the 95% confidence interval
(CI) were calculated. All tests were two-sided, and a
P value of less than 0.05 was considered to indicate
a statistically significant difference. All the statistical
analyses were performed using the IBM SPSS ver-
sion 24.0 (IBM Corp., Armonk, NY, USA).
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Role of the funding source. The funder of the study
had no role in study design, data collection, data anal-
ysis, and interpretation, or writing of the manuscript.
The corresponding authors had full access to all the
data in this study and had final responsibility for the
decision to submit for publication.

RESULTS

Baseline characteristics and the association of
age and sex with the WBC and monocyte counts
in COVID-19 patients. Of 1320 COVID-19 pa-
tients, 243 (18.4%) patients were defined as the se-
vere group; those who were either admitted to ICU or
experienced death. Of 243 severe cases, 59 (24.3%)
were admitted to ICU and cured with intensive care
services. On the other hand, the remaining 184 cases
(75.7%) who died of the disease were defined as the
“death” group. While the mean age of the patients
was 52.15 (£19.22), patients with the severe disease
were significantly older than those with the non-se-
vere disease (mean age of 48.94 vs 66.47; P: <0.001).
Among patients with severe disease, we also found
an older age range in patients who died compared to
the ICU group (mean age of 69.8 vs 56.0; P: <0.001).
As represented in Table 1, while the mean number
of white blood cells (WBC) was 7.96 (£6.50) in all
COVID-19 patients, it was significantly higher in the
severe cases compared to those with the non-severe
disease (9.74 vs 7.47; P: <0.001). Accordingly, we
found that the severe cases displayed a greater per-
centage of leukocytosis (WBC >11 x 10%L). Of par-
ticular interest, the same finding was found concern-
ing the number of monocytes in these patients. As
illustrated in Table 1, both the number of monocytes
and the percentage of monocytosis (monocyte >0.7
x 10%/L) were higher in the severe group; however, it
was not statistically significant. Values greater than
11 x 10%L and 0.7 x 10%L for WBC and monocytes
were defined as leukocytosis and monocytosis, re-
spectively (24).

Univariate analysis showed that the WBC count
differed between age categories, representing that
the number of WBCs was higher in patients aged
more than 50 as compared to those who were less
than 50 years old (7.77 vs 8.10; P: 0.402). As repre-
sented in Table 2, the percentage of leukocytosis was
also significantly greater in the older group with an
odds ratio (OR) of 1.71 (95% CI: 1.20-2.43). Notewor-
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Table 1. Baseline characteristics and hematologic findings of patients with COVID-19.

All Patients Non-Severe Severe (ICU & Death) P Value
N (%); Mean (+SD) N (%); Mean (xSD) N (%); Mean (xSD)
Sample size 1320 (100%) 1077 (81.6%) 243 (18.4%)
Age (Year) 52.15 (£19.22) 48.92 (+18.04) 66.47 (¥17.70) <0.001
Sex 516 (39.1%) 414 (38.4%) 102 (42%) 0.308
Female 804 (60.9%) 663 (61.6%) 141 (58%)
Male 7.96 (+6.50) 7.47 (£6.20) 9.74 (£6.23) <0.001
WBC 16.3% 11.4% 34.1% <0.001
>11 0.20 (0.13-0.30) 0.19 (0.12-0.29) 0.24 (0.13-0.42) 0.116
Monocyte 5.8% 5.1% 8.8% 0.281
>0.7

Table 2. Univariate analysis of the admission WBC and monocyte counts between age categories, sex, and their combinations.

N (%0) WBC (Mean; +SD) P Value N (%) Mon (Median; IQR) P Value
Age (Year)
<50 42.3% 7.77 (£7.48) 0.402 43.8% 0.20 (0.13-0.31) 0.74
>50 57.7% 8.10 (£5.21) 56.2% 0.20 (0.13-0.31)
Sex
Female 39.1% 7.79 (£5.87) 0.495 38.9% 0.20 (0.12-0.32) 0.78
Male 60.9% 8.07 (£6.52) 62% 0.21 (0.14-0.31)
Age & Sex
<50, Female 15.3% 7.05 (+5.25) 0.239 16.4% 0.19 (0.11-0.29) 0.16
<50, Male 26.9% 8.18 (+8.48) 27.5% 0.21(0.14-0.31)
> 50, Female 23.8% 8.27 (£6.20) 22.6% 0.22 (0.13-0.33)
> 50, Male 34% 7.98 (£7.98) 33.5% 0.20 (0.14-0.31)
Leukocytosis (%) OR (95% CI) P Value Monocytosis (%) OR (95% CI) P Value
Age (Year)
<50 12.2% Reference 0.003 5.6% Reference 0.82
>50 19.3% 1.71 (1.20-2.43) 6% 1.08 (0.55-2.09)
Sex
Female 14.7% Reference 0.265 5.5% Reference 0.78
Male 17.3% 1.21(0.86-1.71) 6% 1.10 (0.55-2.17)
Age & Sex
< 50, Female 7% Reference 0.003 2.8% Reference 0.336
<50, Male 15.2% 2.39(1.19-4.82) 7.2% 2.69 (0.75-9.69)
> 50, Female 19.7% 3.27 (1.64-6.52) 7.4% 2.78 (0.75-10.23)
> 50, Male 19% 3.12 (1.60-6.10) 5% 1.83(0.51-6.17)

thy, when we analyzed the confounding effect of age
and sex combination on the WBC count, we found
that the cases older than 50 years and female sex have
the higher WBC count with a greater percentage of
leukocytosis as compared with the other groups (OR:
3.27; 95% CI:1.64-6.52). Although in agreement with
the number of WBC count female patients aged more
than 50 years experienced a greater extent of mono-
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cytosis (OR: 2.78; 95% ClI: 0.75-10.23), it was not sta-
tistically significant (Table 2). The distribution pat-
terns of the WBC and monocyte counts concerning
age, sex, and their combinations were represented in
Fig. 1.

The admission and discharge WBC and mono-
cyte counts were higher in the severe COVID-19
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Fig. 1. The distribution patterns of the WBC and monocyte counts concerning age, sex, and their combinations.

patients. As represented in Fig. 2A, the WBC count
of COVID-19 patients was significantly higher in the
severe cases as compared to the non-severe group
both on admission and at discharge. The percentage
of leukocytosis also followed the same trend in the
indicated patients. Although the mean value of WBC
count in the non-severe group was lower at discharge
as compared with the admission count, its count at
discharge was higher in the severe group. By com-
paring the number of monocytes in the severe and
non-severe groups we found a similar finding with
WBCs, indicating that the increased level of WBCs
in the severe patients may probably occur, at least
partially, as a result of an increased number of mono-
cytes. As illustrated in Fig. 2B, both the number of
monocytes and the percentage of monocytosis were
higher in the severe patients than their non-severe
counterparts.

Increased number of WBCs during hospital-
ization of COVID-19 patients may predict a poor
outcome. Monitoring of the WBC count and the
percentage of leukocytosis within a 7-day follow-up
revealed that an increasing trend in the number of
WBCs may reflect the progression of the disease
towards an unfavorable outcome. As illustrated in
Fig. 3A, while the number of WBCs in the severe
group created a curve with an increasing slope with
the maximal count observed on the last day of our
follow-up, their counts did not significantly alter in
the non-severe group within the indicated period.
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Notably, the percentage of COVID-19 patients with
leukocytosis was also significantly increased in the
severe group as compared with the non-severe cases
during hospitalization. The results of our study con-
cerning the alteration of the monocyte count within
7-day monitoring were similar in the severe group.
Although unlike WBCs the number of monocytes
was increased in the non-severe COVID-19 patients,
both the percentage of monocytosis and their counts
were increased in the severe cases to a greater extent
(Fig. 3B).

DISCUSSION

Coronavirus disease 2019 (abbreviated to
COVID-19) is a kind of respiratory syndrome symp-
tomatically spanning from healthy carriers to pa-
tients with life-threatening complications. Although
most cases display no or mild-to-moderate clinical
symptoms, some patients are admitted with a criti-
cal condition necessitating specialized management
at intensive care units (ICU) (25). Thus far, multiple
lines of studies have focused on the identification and
application of novel approaches to precisely estimate
COVID-19 prognosis. The results of a recent report
have demonstrated that analysis of the routine labo-
ratory parameters not only provides an appropriate
diagnostic significance but the alteration of these
parameters may also predict unfavorable outcomes
in SARS-CoV-2 infection (9). In this retrospective
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Fig. 2. Alteration in the (A) WBC and (B) monocyte counts in patients with severe and non-severe disease on admission and

at discharge.

DoubleCentre study reviewing the results of the
WBC and monocyte counts of 1320 COVID-19 pa-
tients (243 of whom (18.4%) had severe disease), we
found that both the number of monocytes and the
percentage monocytosis were higher in the severe
group; however, it was not statistically significant.
Noteworthy, our results showed that the mean num-
ber of WBCs was significantly higher in the severe
cases compared to those with the non-severe disease
(9.74 vs 7.47; P: <0.001). Accordingly, we found that
leukocytosis is a common finding among severe
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COVID-19 patients (34% vs 11%; P: <0.001); indi-
cating that an increased number of WBC may proba-
bly predict a poor prognosis. In consistent, Huang et
al. reported that the percentage of severe COVID-19
patients who had increased WBC counts was signifi-
cantly higher than non-severe counterparts (54% vs
19%), further highlighting the fact that the extent of
deviation from normal white blood cell counts cor-
relates with disease severity (15). Our results were
also in agreement with several studies that report-
ed the occurrence of leukocytosis in 32% (26), 30%
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Fig. 3. Alteration in the (A) WBC and (B) monocyte counts in patients with severe and non-severe disease within a 7-day

follow-up.

(15), 24% (27), 22% (28), and 21% (29) (30) of infect-
ed cases. Univariate analysis showed that the WBC
count differed between age and sex categories, repre-
senting that the percentage of leukocytosis was sig-
nificantly greater in the older men group (>50 years
old) with an OR of 3.12 (95% CI: 1.60-6.10). Mono-
cytosis was also higher in men and women over 50
years old with an OR of 1.83 (95% ClI: 0.51-6.17) and
2.78 (0.75-10.23), respectively; however, it was not
statistically significant.

To the best of our knowledge, while most published
articles have investigated the alteration of hemato-
logical parameters only on admission, few studies
have monitored their values during hospitalization
(31). We found that the WBC and monocyte counts of
COVID-19 patients were significantly higher in the
severe cases as compared to the non-severe group at
discharge. Monitoring the patients’ WBC and mono-
cyte counts during hospitalization also disclosed a
simple method of predicting COVID-19 prognosis.
While the number of WBCs in the severe group cre-
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ated a curve with an increasing slope within a 7-day
follow-up, their counts did not significantly alter
in the non-severe group during hospitalization. In
agreement, Wang et al. reported that COVID-19 cas-
es who died of the disease displayed a higher number
of WBCs during hospitalization than those who sur-
vived (31).

CONCLUSION

Taken together, the results of this study revealed
that not only the mean number of WBCs was signifi-
cantly higher in the severe cases also leukocytosis
was a common finding in this group; indicating that
an increased number of WBCs may probably predict
a poor prognosis. In agreement, both the number of
monocytes and the percentage of monocytosis were
higher in the severe group; however, it was not sta-
tistically significant and its alteration either on ad-
mission or within hospitalization would not provide
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valuable data about the prediction of COVID-19
prognosis. Although unceasing discovery of novel
data and the rapidly evolving nature of COVID-19
are major limitations at the time of writing this ar-
ticle, further investigations in the field of the iden-
tification and application of laboratory biomarkers
that can enable to rapidly and economically predict
COVID-19 prognosis will pave the way to better
manage patients with severe COVID-19.
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