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ABSTRACT: COVID-19 emerged as a pandemic that is persisting with massive casualties around the globe. To ensure
clinical management, changes in hematological parameters are routinely monitored and considered essential in patients
with coronavirus disease 2019 (COVID-19) to measure the disease prognosis. This study aimed to recognize alterations
in patients' hematological and inflammatory parameters with COVID-19. We obtained and analyzed data from 170
COVID-19 positive patients and 78 COVID-19 negative patients confirmed by qRT-PCR. The laboratory data included
the hematological and inflammatory parameters of the selected patients. Compared with COVID-19 negative groups,
COVID-19 patients had significantly higher levels of hematocrit (HCT) (p <0.01), mean platelets volume (MPV) (p
<0.01), neutrophils (p <0.01), erythrocyte sedimentation rate (ESR) (p <0.0001), C-Reactive Protein (CRP) (p <0.0001),
and significantly lower levels of Hemoglobin (Hb) (p <0.0001), lymphocytes (p <0.0001), monocytes (p <0.0001),
eosinophils (p <0.01), basophils (p <0.05). This study also observed significantly increased levels of Hb, HCT, RBC,
MCH, MCHC, monocytes, ferritin, and significantly decreased RDW-CV, platelets count, ESR in the COVID-19 male
patients than the COVID-19 female patients. This study suggests that hematological and inflammatory parameters
should be considered in the clinical management of COVID-19 patients.
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1. INTRODUCTION

Infectious diseases are responsible for massive public health casualties all over the world. A myriad of
underlying factors contribute to disease, most generally involving human behavior [1]. A growing infectious
disease causes rapid spread and needs urgent action to avoid the illness at the grassroots level [2]. The new
coronavirus was initially an unrevealed sign of pneumonia but epidemiologically linked to a seafood market
at the Hubei Province of Wuhan, China [3]. Then, it was identified as a novel coronavirus named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [4,5]. This virus belongs to p-coronavirus, a broad class of
single-stranded RNA viruses dominant in nature that can affect both animals and humans and can initiate
respiratory, hepatic, gastrointestinal, and neurologic disorders [6,7].

The local outbreak has already been largely contained, although the latest coronavirus is spreading
rapidly in other areas across the globe [8,9]. World Health Organization (WHO) declared this new outbreak
of pneumonia as a global pandemic. The common symptoms include sore throat, cough, malaise, fever,
diarrhea, breathing difficulties. In severe cases, pneumonia, organ failure, severe acute respiratory syndrome,
and death occur, especially for patients with elderly and multiple disorders [10]. Usually, infection is
transmitted by symptomatic and asymptomatic patients via large droplets produced during coughing and
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sneezing [11,12]. Approximately 20 % of patients with COVID-19 turn out critically ill, with elevated mortality
ranging from 8.1 % to 33 % [13].

Blood tests provide valuable information to physicians regarding the inflammatory process in COVID-
19 cases. Other info comprises leukocyte count and features such as neutrophil or lymphocyte dominance,
inflammation (C-reactive protein), and concurrent organ impairment (acute renal failure, acute liver failure).
These parameters can differentiate between viral (pneumonia) and bacterial infection during detection [14].
The analysis of CBC (complete blood counts) can be done quickly and is a cheap process. The parameters
included in this analysis are white blood count, lymphocyte, neutrophil, and PLT (platelet count), mean
platelet volume, and set of ratios of these values [15]. These are marked as inflammatory markers and
neutrophils among the white blood cells recognized as the vital immune system element. Neutrophils may
have interaction or cross-talk with these other associated immune cells.

Several findings reported that increased D-dimer and decreased platelet count are a reflection or
markers of disease severity [16,17]. In comparison to the regular group, several studies frequently mentioned
that patients with severe and critical conditions showed significant low lymphocyte count, eosinophil,
decreased red blood cell and hemoglobin count, significantly higher in white blood cell count, neutrophil
count, interleukin-6, procalcitonin, erythrocyte sedimentation rate, C-reactive protein, D-dimer, fibrinogen,
ferritin, and lactate dehydrogenase [18-20].

In this present study, we have analyzed the clinical data of 170 COVID-19 cases confirmed by qRT-PCR
belongs to Bangladeshi populations. So, the prime objective of this study is to deliver insights into the furbish
laboratory features of the patients with this disease and to improve outcomes.

2. RESULTS
2.1. Basic characteristics of the patients

Among the 170 patients, 113 (62.78%) were males, and 57 (37.22%) were females. In the COVID-19
negative patients, 43 (55.13%) were males, and 35 (44.87%) were females. The patients' average age was 49.55
years, and the average age of the COVID-19 negative patients was 51.65 years. There was no significant
difference in age between the two groups. The critical clinical manifestations were the patient's fever, cough,
sore throat, shortness of breath, diarrhea, myalgia or arthralgia, no smell or taste, and headache. Coexisting

disorders, diabetes, hypertension, renal disease, liver disease, and COPD were the most common in patients
and COVID-19 negative patients. (Table 1).

Table 1. Clinical characteristic of the patients.

COVID-19 Symptomatic
positive COVID-19

Characteristics patients negative p value
m=170)  FOIZEF
49.55 +
Age 15.75 51.65+16.95  0.342
Male 113 (62.78) 43 (55.13) 0.087
Female 57 (37.22) 35 (44.87) )
Symptoms
Fever 151 (88.82) 3 (67.95) 0.0001
Cough 64 (37.65) 60 (76.92)  <0.0001
Sore throat 26 (15.29) 5(19.23) 0.99
Shortness of breath 69 (40.59) 18 (23.08) 0.007
Diarrhea 3 (1.76) 8 (10.26) 0.003
Myalgia or arthralgia 83 (48.82) 15 (19.23) <0.0001
Lack of smell or taste 79 (46.47) 0 (0.0) <0.0001
Headache 73 (42.94) 27 (34.62) 0.216
Coexisting disorder —no. (%)
Diabetes 33 (19.41) 17 (21.79) 0.665
Hypertension 26 (15.29) 22 (28.21) 0.017
Renal disease 25 (14.71) 8 (10.26) 0.339
Liver disease 7 (4.12) 5 (6.41) 0.436
COoPD 2 (1.18) 0 (0.0) 0.336
= 2 Coexisting disorder 29 (17.06) 10 (12.82) 0.395
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2.2. Hematological parameters

The results found that Hb and HCT level was significantly reduced in the patient's group than the
COVID-19 negative patients. It also found that RBC, MCV, MCH, RDW-SD were mainly in the normal
reference range. Normal ranges of hematological parameters in both males and females are shown in Table
S1. There was a slight increase in MCHC and RDW-CV levels in the patient's group than the COVID-19
negative patients (p <0.0001 and p >0.05, respectively). The platelet count and the mean platelet volume were
mainly in the normal reference range. The neutrophils, lymphocytes, monocytes, eosinophils, and basophils
levels were in the normal reference range. But there was a decrease in lymphocyte, monocytes, eosinophils,
and basophils levels in the patient group than the COVID-19 negative patients was observed. (Table 2).

Table 2. Comparisons of hematological parameters between patients.

COVID-19 Symptomatic

Parameters positive patients Cnoe;;/::i)‘;lg p value
(n=170) patients (n=78)

Complete blood count
Hb (gm/dL) 12.39+£1.72 13.45+2.15 <0.0001
HCT (%) 39.37 £4.98 36.96 + 6.46 0.002
RBC (1012/L) 444 +0.63 454+0.71 0.241
MCV (fL) 86.83 £ 55.23 83.09 £9.04 0.553
MCH (pg) 27.50 £2.96 27.77 £1.62 0.447
MCHC (g/dL) 33.04+1.29 32.33+1.41 <0.0001
RDW-CV (%) 14.18 +2.09 14.23 +1.66 0.831
RDW-SD (fL) 42.25+5.95 41.73 +4.48 0.488
Platelet
Platelets count (10"9/L) 232.05 + 81.87 237.73 £ 74.95 0.603
Mean platelet volume (fL) 10.39 £1.58 9.69+1.42 0.001
Absolute leukocyte count
Neutrophils (10"9/L) 4.61+2.90 3.40+1.68 0.001
Lymphocytes (10"9/L) 1.34+£0.53 1.84+1.11 <0.0001
Monocytes (1079/L) 0.53 £0.22 0.70+0.37 <0.0001
Eosinophils (10"9/L) 0.09+£0.15 0.18 £0.31 0.002
Basophils (1079/L) 0.02 +£0.02 0.03 +0.08 0.040

2.3. Inflammatory biomarkers

The levels of erythrocyte sedimentation rate (ESR), D dimer, ferritin, creatinine, C-reactive protein
(CRP), and procalcitonin in patients rose in varying degrees. The ESR and CRP level was significantly different
in patients and COVID-19 negative patients. (Table 3). Normal ranges of inflammatory biomarkers in both
males and females are shown in Table S1, which represents the data of the healthy ones.

3. DISCUSSION

After the rhinoviruses, coronavirus infections have been deemed the second most leading cause to afflict
people with the common cold. While researchers have corroborated the fact that SARS-CoV-2 possesses all the
criteria as coronavirus, it has also recently been divulged that the binding potentiality of SARS-CoV-2 to ACE2
receptor in vivo is higher than that of SARS-CoV by 10-20 folds, rendering it more contagious than ever, which
eventually leads to a global pandemic [21]. The clinical manifestations shown by COVID-19 patients have been
reported as large pyrexia, fatigue, and dry cough [13,22]. In this study, we observed the clinical symptoms
manifested by 170 COVID-19 patients. Here the laboratory analysis of COVID-19 patients, particularly
hematological and inflammatory parameters, was primarily analyzed and summarized.
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Table 3. Comparisons of inflammatory biomarkers between patients.

C.QVID-1.9 Symptomatic COVID-19
Parameters positive patient . . _ p value
_ negative patients (n=78)
(n=170)
ESR (mm) 26.88 £ 23.45 12.31+5.24 <0.0001
D Dimer (ug/mL) 0.59 £1.95 0.34+0.16 0.249
Ferritin (ng/mL) 288.69 +421.65 217.91 +136.31 0.149
Creatinine (mg/dL) 1.55+8.30 113 +£1.40 0.652
C- Reactive Protein (mg/L) 29.76 + 43.76 6.16 £ 3.64 <0.0001
Procalcitonin (ng/mL) 0.18+0.58 010+0.13 0.273

Table S1. Normal ranges of hematological parameters.

Parameters Male Female
Complete blood count

Hb (gm/dL) 13.0-17.0 12.0-15.0
HCT (%) 40-50 36-46
RBC (10~12/L) 5.0-7.0 3.8-4.8
MCV (fL) 83-101 83-101
MCH (pg) 27-32 27-32
MCHC (g/dL) 27-32 27-32
RDW-CV (%) 11.6-14.0 11.6-14.0
RDW-SD (fL) 39-46 39-46
Platelet

Platelets count (10°9/L) 150-450 150-450

Mean platelet volume (fL) 6.5-12.0 6.5-12.0
Absolute leukocyte count

Neutrophils (10"9/L) 2.0-7.0 2.0-7.0
Lymphocytes (10°9/L) 1.0-3.0 1.0-3.0
Monocytes (10"9/L) 0.2-1.0 0.2-1.0
Eosinophils (10"9/L) 0.02-0.5 0.02-0.5
Basophils (10"9/L) 0.02-0.1 0.02-0.1

The most prevalent symptoms spotted were fever (n =146), cough (n =151), myalgia (n =83), absence of
smell or taste (n =79), headache (n =73), dyspnea or shortness of breath (n =69), cough (n =64), and sore throat
(n =26), whereas only less than 2% patients had diarrhea. Many comprehensive studies have also reported the
same symptoms involved with COVID-19 patients [18,19,23].

In the COVID-19 groups, we found that a lower Hb level was linked to a more severe disease course
and a higher mortality rate. This drop-in Hb level can be attributed to the inflammation related to COVID-19.
In acute inflammation, a decline in the Hb level is anticipated due to numerous intricate mechanisms. The best
known among these is inhibition of Epo formation and cytokines-induced iron metabolism dysregulation [24].
We also juxtaposed the hematological parameters between two gender groups of COVID-19 patients. We
concluded that male patients had experienced a significant rise in Hb levels compared to their female
counterparts. Lower iron stores in premenopausal females may be responsible for lower Hb levels and are
unlikely from COVID-19.

In addition to that, a complete blood count investigation revealed the alteration of HCT, RBC, MCV,
MCH, MCHC, RDW-CV, RDW-SD levels between the two cohorts with the following respective P -values: (
P =0.002; P =0.241; P =0.553; P =0.447; P = <0.0001; P =0.831,and P =0.488). HCT, RBC, or anemias seen in
patients with comorbidities are explained by the bone marrow's incapability to engender adequate RBCs to
transport oxygen. The lung injuries impaired by COVID-19, which in turn makes gaseous exchange way more
complicated. On the one hand, these abnormalities could elucidate dyspnea symptoms in the present study
population. But, comorbid conditions current in these patients might also intervene with RBC synthesis due
to the existing inflammation [23]. Although male patients underwent a marked increase in HCT, RBC, MCH,
MCHC levels, and a substantial decrease in RDW-CV level than their female counterparts (Figure 1), no
significant disparity was noted in MCV, RDW-SD levels between male patients and female patients when
compared (Figure 1). In females, it is also likely some of the recruited female patients had iron deficiency (red
cell parameters reflect this), given that the median age was 57 with a standard deviation of 37.22 years,
suggestive that there were pre-menopausal women within the recruited group.
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.

Figure 1. Comparison of CBC between male and female patients; Hb: hemoglobin, HCT: hematocrit, RBC:
red blood cell, MCV: mean cormpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean
corpuscular hemoglobin concentration.

Usually, the thrombocytopenic events increase with the severity of disease in COVID-19 patients [25].
Diminished platelet count, which surrogates their expenditure and thrombin formation, helps detect
coagulopathy's presence and intensity. Thrombocytopenia, commonly present in viral infections, could be
expounded by impaired megakaryopoiesis, inappropriate activation and consumption of platelet, and
immunological platelet destruction [26]. Having stated that, it is unknown whether the mechanisms of
thrombocytopenia vary between SARS-CoV-2 and other types of coronaviruses [18]. The female patients were
found to have an escalated level of platelet count and a lower level of MPV compared to their male companions
(Figure 2).

As the knowledge about COVID-19 extends lymphocyte function tests, and inflammatory factors have
been advocated for appraising the severity of the disease [27]. Not all the tests can readily be accessed, though.
Our results underscored that the high neutrophil to lymphocyte ratio, which might arise due to immune
suppression and exceeding inflammation in sepsis-induced by SARS-CoV-2 infection, can be used to foretell
the extent of severity and mortality. Moreover, routine blood tests are immediately available, and the
neutrophil to lymphocyte ratio can be computed efficiently. In sepsis, neutrophils are overly aroused with
delayed apoptosis disorder, together with the exhaustion and depletion of CD4 and CD8 T cells driven by
apoptosis [28], commonly in severe cases of COVID-19 [29]. In contrast to tests that are somewhat less
available, the neutrophil to lymphocyte ratio provides the impression of being a useful and valuable marker
to assess the mortality risk associated with COVID-19. All of these coronavirus families named SARS-CoV,
MERS-CoV, and SARS-CoV-2 have been affirmed to cause lymphocytic depletion in patients with infection
[30,31], and the underlying mechanism could presumably be happened by the direct invasion of the virus on
lymphocytes or due to the immune-mediated apoptosis of lymphocytes [32-34]. In this study, we figured out
that the lymphocyte count in the peripheral blood circulation of COVID-19 patients declined to different
extents, albeit the causes of why SARS-CoV-2 gives rise to lymphocytopenia in the patient is not explicit up to
date. Our study also managed to observe greater monocytes level in male patients contrasting to the female
patient group. However, as mentioned earlier, no statistically significant discrepancy was perceived regarding
neutrophils, lymphocytes, eosinophil, and basophil levels between the genders (Figure 3).

While carrying out this present study, a heightened D-dimer content in the patient’s group had come
into our views than the COVID-19 negative patients. Previous studies have also reported that a markedly
elevated D-dimer amount is commonly evident in deaths with COVID-19 [19,35]. Based on these results, it is
proposed that the D-dimer levels might potentiality assess prognosis and guide treatment.

Procalcitonin and CRP, two common biomarkers, can be secreted during the acute phase of the systemic
inflammatory response [36,37]. Procalcitonin levels usually elevate mildly in viral infection, whereas
significant elevation is seen in fungal, bacterial, or parasitic infections [38]. CRP is a generally helpful marker
of the systemic inflammatory response [39,40]. Ferritin, which is regarded as a critical mediator in immune
dysregulation, is linked to cytokine storm syndrome if present in excess. Raised ferritin level has been reported
by several studies in COVID-19 patients [9,41]. Enhanced plasma creatinine values can act as an indicator of
reduced excretion. The Guidelines on COVID-19 by the International Federation of Clinical Chemistry and
Laboratory Medicine (IFFC) strongly urge monitoring of creatinine in COVID-19 patients to detect kidney
injury [42]. The development of acute kidney injury (AKI) and its association with mortality have also been
clarified for the erstwhile coronaviruses causing SARS (severe acute respiratory syndrome) and MARS
(Middle East respiratory syndrome) [43,44]. Our study was capable of confirming the ESR, ferritin, Creatinine,
CRP, and procalcitonin to be higher in the patients' group against the COVID-19 negative patients, implying
that the inflammatory response was noticeably more evident in patients with a severe form of COVID-19. We
also measured an increased D-dimer level, ferritin, CRP, and procalcitonin, but a decreased level of ESR and
Creatinine in male patients than the female ones (Figure 4).
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A. Platelets count B. MPV
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Figure 2. Comparison of platelets between male and female patients; MPV: mean platelet volume.
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Figure 3. Comparison of leukocytes between male and female patients.
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Figure 4. Comparison of inflammatory parameters between male and female patients; ESR: erythrocyte
sedimentation rate, CRP: c-reactive protein.

There is no study regarding the hematological and inflammatory parameters of COVID-19 patients from
Bangladesh. Although some previous studies conducted almost similar research, our study presented all the
hematological and inflammatory parameters in a single study. The most noticeable shortcoming of the current
study was the lack of a sufficient number of patients. Studies with a relatively larger sample size would be
better delineate clinically significant peripheral blood biomarkers to diagnose COVID-19 patients.
Additionally, the patient data's dynamic collection was not comprehensive, and the impact of alterations in
immunological & hematological indicators on the patient's disease prognosis could not be analyzed. Finally,
patients’ lifestyles, including their habits (i.e., alcohol consumption and cigarette smoking), were not
adequately garnered from the patient files. Their influences on the results were also not considered.

4. CONCLUSION

In summary, our study observed the alteration of hematological and inflammatory parameters in
COVID-19 patients. Compared to COVID-19 negative groups, in COVID-19 patients, the levels of Hb, RBC,
MCH, RDW-CYV, platelets count, lymphocytes, monocytes, eosinophil, and basophils were decreased, whereas
HCT, MCV, MCHC, RDW-5D, mean platelet volume, neutrophils, ESR, D-dimer, ferritin, creatinine, CRP, and
procalcitonin were increased. This study also observed significantly increased levels of Hb, HCT, RBC, MCH,
MCHC, monocytes, and ferritin, whereas significantly reduced levels of RDW-CV, platelets count, and ESR
were observed in male COVID-19 patients than the female COVID-19 patients. Therefore the parameters
referred to above should be paid careful attention to in the clinical management of COVID-19 patients.
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5. MATERIALS AND METHODS
5.1. Study design and study sites

The case-control study was performed among the COVID-19 cases confirmed by qRT-PCR of ORF-1ab
and N genes assay seeking medical care in Bangladesh Institute of Tropical and Infectious Diseases (BITID),
Chattogram, from October 2020 to December 2020. The Ministry of Health and Family Welfare (MOHFW) of
Bangladesh defined the proposed selection criteria of possible COVID-19 patients. Patients that have at least
one indication or symptom of fever or acute respiratory illness, or clinical characteristics that are inexplicable
by any other disease, or a history of travel to another country in the previous 14 days before the occurrence of
symptoms in the patient or a family, or near contact with a patient-reported positive for COVID-19, meet these
criteria. No additional tests were conducted on these patients after the initial qRT-PCR and CBC findings were
used. A biochemistry specialist examined and accepted the CBC findings obtained from this study.

5.2. Sample size & data collection

A total of 170 COVID-19 positive patients and 78 COVID-19 negative patients were recruited for this
study. In this study, COVID-19 positive patients were used as cases, and COVID-19 negative patients were
used as control groups. As the key sources of data, a related questionnaire and patient history were taken into
consideration. Hospital reports were also checked in terms of data, and the history of any other coexisting
condition was gathered by self-reporting and also records. All retrospective data were gathered from patient’s
medical file and recorded in electronic form. All information counted in this study was double-checked,
submitted, and the records were preserved.

5.3. Inclusion & exclusion criteria

Only patients above the age of 18 years were included in the study. Both cases and controls confirmed
by qRT-PCR using nasopharyngeal swabs were included in the study. The patients who had severe respiratory
distress requiring intensive care support and patients with an incomplete diagnosis for hematological and
inflammatory features were excluded from this study.

5.4. Ethical consideration

This study was followed the principles of the Declaration of Helsinki of the World Medical Association.
Ethical permission was obtained from the ethical committee of Noakhali Science and Technology University
(ID-39/2020).

5.5. Statistical analysis

All the values were expressed as the mean * SD. Between COVID-19 positive and COVID-19 negative

patients, independent sample t-tests were performed. All analyses were carried out using SPSS Statistics 25
(IBM, Armonk, New York).
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