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ABSTRACT

Purpose: This study’s purpose was to assess the relationship
between COVID-19 and hematological variations on
admission and 6 months after discharge. Patients and
Methods: In a prospective observational study at Kafr Shokr
Specialized Hospital from September 2021 to September 2022,
292 adult patients with PCR-confirmed COVID-19 were
categorized into hospitalized and non-hospitalized groups.
Comprehensive  clinical  evaluations, including blood
assessments- were conducted. The hospitalized patients were
re-evaluated for anemia six months after discharge. Results:
Hemoglobin (HDb) levels were significantly higher in the non-
hospitalized group, with a mean of 14.13 g/dL, compared to
the hospitalized group with 12.43 g/dL (p < 0.001). Anemia
affected 18.005% of the non-hospitalized group, compared to
45.3% of the hospitalized group. At 6-month follow-up,
hospitalized patients showed a decrease in Hb levels and
platelet counts and an increase in white blood cell counts.
Logistic regression identified baseline anemia, lower Hb, and
reduced MCH levels as predictors for post-COVID anemia.
Conclusion: The study revealed that COVID-19 severity was
associated with anemia, which persisted and increased in
prevalence six months post-infection. Baseline anemia, Hb,
and MCH levels emerged as crucial predictors for post-COVID
anemia, emphasizing the need for continuous hematological
monitoring in COVID-19 survivors.

Key words: COVID-19; anemia; disease severity; post-
COVID.



Introduction

The emergence of the COVID-19
pandemic has led to a global public health
emergency not witnessed since the Spanish
flu pandemic of 1918 ®. This has had
significant implications for patients and
healthcare workers - The manifestations
of this disease span from asymptomatic
cases to devastating conditions such as
acute respiratory distress syndrome and
fatalities @ In some patients, COVID-19
infection can trigger a broad disruption in
the body's response to the virus, involving
excessive production of inflammatory
cytokines, disturbances in the coagulation
process, and abnormal activation of
endothelial cells

Despite the significant advances in our
knowledge of COVID-19 within a
relatively short time frame ©®  the
connection between anemia and COVID-
19- remains uncertain. The link between
COVID-19 and anemia is intricate. Both of
them can lead to dysregulated immune
system, making patients susceptible to
similar autoimmune complications, and
this relationship is bidirectional ©%
Individuals with COVID-19 may develop
anemia, and those who are already anemic
are at an increased risk of experiencing
severe COVID-19 infection 12

Post-acute COVID-19- often referred to as
"post-COVID conditions or long COVID"-
is a syndrome defined by the continuation
of clinical symptoms that extend beyond
four weeks from the initial onset of acute
symptoms. The Center for Disease Control
(CDC) has adopted these terms to describe
health problems that endure for more than
four weeks following a COVID-19
infection
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The objective of this research is to assess
the relationship between COVID-19 and
hematological variations on hospital
admission and six months after discharge.

Patients and methods

This is a prospective observational study
in which we enrolled patients who
presented to Kafr-Shokr Specialized
Hospital with COVID-19 during the period
from September 2021 to September 2022.
The study was initiated after achieving
Research Ethics Committee approval (No.
20-2021/18). The study was conducted in
adherence to the Declaration of Helsinki.

Adult patients with polymerase chain
reaction (PCR)-proved COVID-19, were
eligible for the study. Patients who
required hospitalization and completed the
follow-up until 180 days after discharge
from the hospital- were included in the
hospitalized group. Patients with mild
disease who did not require hospitalization
and were matched to the hospitalized
group in the demographic criteria and
baseline comorbidities- were selected as
the non-hospitalized group for comparison.
Patients with a history of chronic anemia,
autoimmune or connective tissue disease,
endocrinopathies, chronic liver disease,
malignancy, or any systemic debilitating
diseases were excluded. Pregnant and
lactating females were also excluded.

A written informed consent was obtained
from each included patient.

The study patients received a thorough
clinical evaluation, including dedicated
history-taking, a complete physical
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examination, routine laboratory and
radiological  investigations. For the
assessment of the complete blood count
(CBC), two milliliters of venous blood
were withdrawn under aseptic conditions
in an EDTA vacationer. CBC assessment
was done using SysmexKX-21N, Sysmex
Corporation, New York, USA.

The COVID severity and the decision to
hospitalize adhered to the Egyptian
protocol for diagnosis and treatment
version 1.4 ™. The diagnosis of anemia
was based on the criteria proposed by the
World Health Organization (WHO), with
Hb levels of less than 13.0 g/dL in males

and 12.0 g/dL in females denoting anemia
(15).

The statistical analytic processes were
implemented using IBM SPSS Statistics
version 27 (IBM Inc., Armonk, NY, USA).
For comparison of the numerical and
categorical data of the two groups, the
independent t test and the chi-square test-
were used, respectively.  Continuity
correction  (Yates' correction)  was
employed to correct for the overestimation
of the chi-square value. For the paired
comparison of the hospitalized group, a
paired t-test and McNemar statistic- were
used for the numerical and categorical
data, respectively.  Binary logistic
regression analysis was conducted to
assess the predictors of post-Covid
anemia, where the odds ratios (ORs) and
their confidence intervals (Cls) were
calculated. The differences between
groups were judged as statistically
significant if p-values were less than 0.05.
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Results

The present study included 292 patients
who fulfilled the eligibility criteria, 133
patients in the non-hospitalized group, and
159 patients in the hospitalized group. The
age of the patients ranged from 19 to 73
years, with a mean of 58.31 + 17.81 in the
non-hospitalized group, and from 27 to 86
years, with a mean of 60.27 + 13.31 in the
hospitalized group (p-value = 0.5122).
Most patients were females in both groups
(n = 81, 60.9% of the non-hospitalized
group, and n = 100, 62.9% of the
hospitalized group) (p-value = 0.8197).
Ten patients (7.5%) and fourteen patients
(8.8%) in the two groups, respectively,
were smokers (p-value = 0.8535). The
patients’ comorbidities were: hypertension
(n = 42, 31.6% of the non-hospitalized
group and n = 56, 352% of the
hospitalized group) (p-value = 0.5949),
diabetes mellitus (n = 39, 29.3% of the
non-hospitalized group and n = 55, 34.6%
of the hospitalized group) (p-value =
0.4044), cardiac diseases (n = 9, 6.8% of
the non-hospitalized group and n = 12,
7.5% of the hospitalized group) (p-value =
0.9764), and bronchial asthma (n = 1,
0.75% of the non-hospitalized group and n
= 3, 1.9% of the hospitalized group) (p-
value = 0.7448), (Table 1).

The CBC assessment of the two study
groups revealed that Hb levels were higher
in the non-hospitalized group, ranging
from 9.9 to 17.2 g/dL, with a mean of
14,13 g/dL *= 1.81, whereas in the
hospitalized group, Hb levels showed a
range of 7.5 to 15.8 g/dL and a mean of
12.43 g/dL £ 1.68 (p-value < 0.001).



Anemia was less prevalent in the non-
hospitalized group, affecting 18.005% of
patients, in contrast to the hospitalized
group, where anemia was found in 45.3%
of patients (p-value < 0.001).

Red blood cell (RBC) counts did not
significantly differ between the two
groups, with non-hospitalized patients
having a mean count of 4.69 million/mm3
+ 0.63 and hospitalized patients having a
mean count of 4.597 million/mm3 = 0.59
(p-value = 0.0850). Similarly, hematocrit
(HCT) values showed no significant
difference between the groups, with mean
values of 37.56% =+ 4.18 in the non-
hospitalized group and 36.9984% =+ 4.41 in
the hospitalized group (p-value = 0.2913).

Mean corpuscular volume (MCV) was
significantly higher in the non-hospitalized
group, ranging from 57.8 fL to 96.00 fL,
with a mean of 80.75 fL + 5.51, compared
to the hospitalized group, where MCV
ranged from 54.90 fL to 95.00 fL and had
a mean of 7851 fL + 6.43 (p-value <
0.001). Mean corpuscular hemoglobin
(MCH) levels were also significantly
higher in the non-hospitalized group, with
a mean of 31.11 pg = 2.45, whereas the
hospitalized group had a lower mean of
26.69 pg £ 2.63 (p-value < 0.001).

White blood cell (WBC) counts showed no
significant  difference,  with  non-
hospitalized patients having a mean count
of 6.52 x 10%/uL £ 2.37 and hospitalized
patients having a mean count of 7.03 x
103/uL £ 2.54 (p-value = 0.1240). Platelet
(PLT) counts were significantly higher in
the non-hospitalized group, with a mean of
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311.71 x 103/uL * 66.12, compared to the
hospitalized group, where PLT counts had
a lower mean of 203.64 x 103/uL + 50.77
(p-value < 0.001), (Table 2).

The length of hospital stays (LOS) in the
hospitalized patients ranged from 1 to 18
days, with a mean of 7.61 £ 3.02. At the 6-
month follow-up of the hospitalized group,
Hb levels ranged from 9.6 to 15.0 g/dL
(mean: 12.07 g/dL = 1.29), with anemia
diagnosed in 81 patients (50.9%). RBC
counts varied from 3.20 to 6.00
million/mm2 (mean: 4.53 million/mm2 +
0.52). HCT values showed a range from
24.9% to 45.0% (mean: 36.142% + 3.92),
MCYV ranged from 55.0 to 90.0 fL (mean:
77.93 fL = 5.79), MCH levels varied from
20.0 to 32.0 pg (mean: 26.82 pg + 2.33),
WBC counts ranged from 4.2 to 17.7 x
10%/pL (mean: 10.23 x 103/uL + 1.92), and
PLT counts varied from 110 to 470 x
103/puL (mean: 216.99 x 103/uL + 42.293).
Paired comparison demonstrated that Hb
levels, HCT wvalues, and PLT count
exhibited a significant decrease (p-value <
0.001, p = 0.003, and p < 0.001,
respectively), while  WBC  counts
displayed a significant increase (p-value <
0.001). No significant changes were
encountered in the other parameters,
(Table 3).

Binary logistic regression revealed that the
predictors of post-Covid anemia- were
only the presence of anemia at the baseline
assessment (OR = 10.57, Cl = 5.035-
22.21, p < 0.001), Hb (OR = 0.451, CI =
0.341-0.596, p < 0.001), and MCH (OR =
0.834, Cl = 0.732-0.950, p = 0.006).
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Table 1: The patient’s demographic characteristics

Characteristic Non-Hospitalized Hospitalized p-value
(n =133) (n =159)
Age (Range, Mean + SD) 19-73, 27-86, 0.512
58.31+17.81 60.27 + 13.31
Gender (Female) 81 (60.9%) 100 (62.9%) 0.8197
Smoking 10 (7.5%) 14 (8.8%) 0.854
Hypertension 42 (31.6%) 56 (35.2%) 0.594
Diabetes Mellitus 39 (29.3%) 55 (34.6%) 0.404
Cardiac Diseases 9 (6.8%) 12 (7.5%) 0.977
Bronchial Asthma 1 (0.75%) 3 (1.9%) 0.745

Table 2: The patients’ CBC parameters on admission

CBC Parameter Non-Hospitalized Group Hospitalized Group (Mean p-value
(Mean = SD) + SD)
Hb (g/dL) 14.13+1.81 12.43+1.68 <0.001*
Anemia (%) 18.005% 45.3% <0.001*
RBC (million/mm3) 4.69 +0.63 4,597 + 0.59 0.085
HCT (%) 37.56 £ 4.18 36.9984 + 4.41 0.291
MCV (fL) 80.75+5.51 78.51+6.43 <0.001*
MCH (pg) 31.11+2.45 26.69 + 2.63 <0.001*
WBC (x 103/pL) 6.52 + 2.37 7.03+254 0.124
PLT (x 103/uL) 311.71 +66.12 203.64 +50.77 <0.001*
*: statistically significant
Table 3: The hospitalized patients’ CBC parameters on-admission and at the 6-month follow-up
CBC Parameter On-admission 6-Month Follow-Up p-Value
(Mean = SD) (Mean = SD)
Hb (g/dL) 12.43+ 1.68 12.07 £ 1.29 <0.001*
Anemia (%) 45.3% 50.9% 0.231
RBC (million/mm3) 4.597 + 0.59 453 +0.52 0.094
HCT (%) 36.9984 + 4.41 36.142 + 3.92 0.003*
MCV (L) 78.51 + 6.43 77.93 £5.79 0.112
MCH (pg) 26.69 + 2.63 26.82 +2.33 0.409
WBC (x 10%/uL) 7.03 +2.54 10.23 +1.92 <0.001*
PLT (x 10%/pL) 203.64 +50.77 216.99 + 42.293 <0.001*

*: statistically significant Abbreviations; RBC: red blood cells. HCT: Hematocrit, MCV:

volume, WBC: White blood cells.
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Discussion

The emergence of the COVID-19
pandemic  has posed  multifaceted
challenges to global healthcare systems
and spurred a relentless quest for a deeper
understanding of the disease’s
complexities.  Beyond the  widely
recognized respiratory symptoms, the
impact of COVID-19 on various organ
systems and physiological processes- has
become a subject of intense scrutiny.
Hematological changes in COVID-19
patients have garnered increasing attention
due to their potential implications for both
acute and post-acute disease outcomes.

In this context, the present study
conducted a comprehensive examination
of hematological parameters in a cohort of
adult patients diagnosed with COVID-19.
Our approach to patient selection was
meticulous. Patients requiring
hospitalization during the acute phase of
COVID-19, as well as, a carefully matched
non-hospitalized group- were included in
the study. This distinction enabled us to
explore the spectrum of hematological
changes from acute disease presentation to
the 180-day post-discharge period.

The assessment of  hematological
parameters in our study yielded intriguing
insights into the hematological effects of
COVID-19. Notably, we observed
significant  disparities  between non-
hospitalized and hospitalized patients.
Non-hospitalized patients exhibited higher
Hb levels and lower anemia prevalence
compared to their hospitalized
counterparts. This is a noteworthy finding,
as it suggests that the severity of COVID-
19 symptoms may be associated with a
more substantial decline in Hb levels. Our
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findings may imply that COVID-19
severity primarily affects the quality of
RBCs (as indicated by the MCV and
MCH) rather than their quantity. The
significantly higher MCV and MCH levels
in non-hospitalized patients- suggest that
the RBCs in this group are larger and
contain more hemoglobin on average,
possibly reflecting an adaptive response to
COVID-19.

The correlation between the severity of
illness and a greater likelihood of
developing anemia has been reported in
previous studies *® % Several proposed
mechanisms could explain our findings. In
individuals with confirmed COVID-19,
pneumonia can impair lung function,
which is essential for consistently
oxygenating the blood through the process
of breathing % As the disease
progresses, blood oxygen levels decline,
and the oxygen supply to body tissues
becomes restricted ©¥ It is widely
recognized that Hb functions as a carrier of
oxygen. It binds with oxygen in the tissues
of the lung and releases it in the body’s
organs. Simultaneously, hemoglobin plays
a critical role in keeping the equilibrium of
blood oxygen levels and the PaO2 level
@) Consequently, a reduction in
hemoglobin levels in patients with
COVID-19 who have anemia ® is thought
to potentially undermine the ability to
deliver oxygen and worsen the severity of
the illness.

On the other hand, inflammation triggers
distinctive changes in the regulation of
iron within the body, characterized by an
increase in iron retention and acquisition
by macrophages, coupled with a decrease
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in the absorption of iron in the intestines
(%) This leads to a decrease in the levels of
circulating iron and a reduced supply of
this metal for the process of erythropoiesis,
which is essential for Hb production. In
conjunction with the inhibitory effects of
cytokines on erythropoiesis, a shortened
lifespan of red blood cells, and a
diminished biological effectiveness of the
hormone erythropoietin- this cascade of
events culminates in the development of
what is known as anemia of inflammation
(Al) (27,28).

Platelet counts displayed a noteworthy
contrast between the two groups. Non-
hospitalized patients exhibited
significantly higher PLT counts than their
hospitalized counterparts. This finding
could imply that platelets- which play a
crucial role in blood clotting and immune
response- may respond differently in
patients with varying degrees of COVID-
19 severity. The higher PLT counts in non-
hospitalized patients may suggest a more
effective response to the virus in terms of
immune and hemostatic mechanisms. This
finding aligns with Boccatonda et al.'s
(2022) ) observation that platelet counts
may serve as a valuable prognostic factor
in patients admitted with COVID-19, as
variations in PLT counts could be
correlated with clinical outcomes. They
indicated that a reduction in platelet counts
may be associated with the disease's
severity and clinical outcome.

In the current work, the 6-month follow-up
of the hospitalized group provides valuable
insights into the hematological changes
that persist after COVID-19 infection. Our
findings reveal a multifaceted impact on
various hematological parameters,
shedding light on the long-term
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consequences of the disease. Hemoglobin
levels and HCT wvalues at this stage
exhibited a significant decrease in the
hospitalized group compared to their initial
assessments. This decrease in Hb levels is
of particular concern, as it implies a
continued hematological impact on
patients, even months after recovery from
the acute phase of COVID-19. This
observation might be attributed to various
factors, including the effects of the initial
infection, possible treatment-related side
effects, or post-viral complications. In this
context, easy fatigability has been
documented as a notable enduring effect of
COVID-19 ©9 while the underlying
causes of long COVID are still under
study, recent research indicates that certain
elements- including iron- may have a
significant impact on the seriousness of
long COVID ©1-33)

Similarly, of Hudgins et al. (2023) ©¥
highlighted the prolonged presence of
anemia in post-COVID patients, drawing
attention to the large proportion (about one
in three) of individuals diagnosed with
COVID-19- displaying signs of anemia at
both the 180-day and 365-day marks post-
infection.

Platelet counts also demonstrated a notable
reduction during the follow-up, which is a
concerning finding given the critical role
platelets play in blood clotting and
immune response. A decreased PLT count
could indicate a prolonged impairment of
these essential functions, potentially
impacting the overall health and recovery
of COVID-19 patients. Conversely, white
blood cell counts displayed a significant
increase during the 6-month follow-up.
This elevated WBC count suggests a
persistent inflammatory response in these



patients. Our results confirm earlier
research suggesting that individuals who
have been diagnosed with COVID-19 face
a risk of experiencing post-COVID
complications ®537-

Our binary logistic regression analysis
underscores that on-admission anemia,
lower Hb levels, and reduced MCH levels
are significant predictors of post-COVID
anemia. This agrees with the study of
Hudgins et al. (2023—®% who
demonstrated that anemia on admission
was a significant risk factor for the
prolonged presence of anemia in post-
COVID patients. Identifying individuals at
higher risk and implementing appropriate
interventions, such as iron
supplementation or other treatments- is
crucial in managing and reducing the
incidence of anemia in individuals
recovering from COVID-19.

Overall, our study contributes to the
growing body of knowledge on the
complex interplay between COVID-19 and
hematological parameters. The results of
the 6-month follow-up in the hospitalized
group underline the intricate and
prolonged impact of COVID-19 on
hematological parameters. The significant
changes observed in Hb levels, HCT
values, PLT counts, and WBC counts
highlight the importance of continuous
monitoring of these parameters in post-
COVID-19 patients. These findings, also,
point to the necessity of developing
appropriate  post-recovery interventions
and healthcare strategies to address the
persistent hematological consequences of
the disease.

We acknowledge that, although this study
provides valuable insights, it has some
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limitations. Being performed at a single
center could limit the generalizability of
our findings. Second, the study is limited
by the relatively small sample size.
Additionally, the study did not account for
post-Covid treatment and vaccinations,
which might affect the obtained results.
Further research is needed to elucidate the
mechanisms underlying these changes and
their implications for long-term patient
health and recovery.

Conclusion

This work emphasized the intricate
relationship between anemia and COVID-
19 severity. The study also highlighted the
long-term hematological consequences of
COVID-19. On-admission anemia, lower
Hb levels, and reduced MCH levels- are
significant risk factors for post-COVID
anemia.
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