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Abstract: Background: Several studies have linked coronavirus disease 2019 (COVID-19) risk to
age and ABO blood groups. Variations in plasma angiotensin-converting enzyme 2 (ACE2) levels
and blood counts have been reported, suggesting an association between disease severity and low
lymphocyte levels. Aim: this study aimed to understand how these factors relate to COVID-19 in
Ghanaian patients, considering geographical and demographic differences. Methods: Participants
were recruited from six hospitals in Kumasi, Ghana, between June 2020 and July 2021. Nasopharyn-
geal swabs were taken to test for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and
blood samples were collected for complete blood count testing, ABO/Rhesus typing, and assessment
of plasma ACE2 levels. Demographic and COVID-19 severity data were gathered, and IBM SPSS
version 25.0 was used for analysis. Results: Overall, 515 patients were enrolled, out of which 55.9%
(n = 288/515) were males and 50.3% (n = 259/515) tested positive for SARS-CoV-2. The median age
was 37 years (IQR = 26–53). Age was significantly associated with SARS-CoV-2 infection (p = 0.002).
The severe COVID-19 group was the oldest (70 years, IQR = 35–80) and presented with anaemia
(haemoglobin, g/dL: 9.55, IQR = 7.85–11.93), leukocytosis (WBC × 103/µL: 15.87, IQR = 6.68–19.80),
neutrophilia (NEUT × 106/µL: 14.69, IQR = 5.70–18.96) and lymphocytopenia (LYMPH × 106/µL:
0.47, IQR = 0.22–0.66). No association was found between SARS-CoV-2 positivity and ABO (p = 0.711)
or Rh (p = 0.805) blood groups; no association was also found between plasma ACE2 levels and
SARS-CoV-2 status (p = 0.079). However, among COVID-19 participants, plasma ACE2 levels were
significantly reduced in the moderate illness group (40.68 ng/mL, IQR = 34.09–48.10) compared with
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the asymptomatic group (50.61 ng/mL, IQR = 43.90–58.61, p = 0.015). Conclusions: While there may
be no real association between the ABO blood group, as well as plasma ACE2 levels, and SARS-CoV-2
infection in Ghanaian patients, older individuals are at a higher risk of severe disease. Anaemia, and
leukocytosis with lymphocytopenia may be indicators of poor disease progression.

Keywords: COVID-19; SARS-CoV-2; Ghana; haematological parameters; ABO blood group;
haematological profile; angiotensin-converting enzyme 2 (ACE2)

1. Introduction

Wuhan, a city in central China, was the centre of an outbreak of pneumonia of un-
known cause in December 2019 that became coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. COVID-19 became
a global pandemic, and by 12 June 2023, there had been over 767 million confirmed cases
globally, with nearly 7 million deaths [2]. In Ghana, at the same time, there were over
171,000 confirmed cases, with a little over 1400 deaths [3]. The high numbers of COVID-19
cases worldwide were contributed to by the various SARS-CoV-2 variants of concern that
emerged, both globally and locally in Ghana [4,5]. However, owing to the downward
trends in cases worldwide, the World Health Organization (WHO) announced in early
May 2023 that COVID-19 was no longer an emergency in global health [6].

The SARS-CoV-2 virus is a Betacoronavirus and uses the angiotensin-converting
enzyme 2 (ACE2) receptor for cell entry and transmission [7,8]. These ACE2 receptors
(ACE2Rs), or simply ACE2 tissue molecules, are abundant in the lungs and kidneys, with
variable distributions in other tissues [9,10]. It is reported that the levels of circulating
ACE2 are elevated in individuals with active COVID-19 disease and in the short time
after infection [11,12]. Moreover, increased plasma ACE2 levels are seen in individuals
with high-risk factors for severe COVID-19 disease, such as men and those with chronic
comorbidities [13–17].

The ABO and Rhesus (Rh) blood groups are the two most important blood groups in
humans. The ABO and Rh antigens are innate and can easily be determined [18]. There
have been several studies that have found that the ABO blood groups are statistically or
biologically related to diseases: group B is associated with a lower risk of infection with
hepatitis B virus (HBV) [19]; group O is associated with increased susceptibility to the
Norwalk virus [20] and significantly high prevalence of Helicobacter pylori [21]; and group
A is associated with a higher risk of breast cancer and pancreatic cancer [22]. Furthermore,
some studies have reported that blood group O is associated with reduced susceptibility to
infection with SARS-CoV and SARS-CoV-2, while individuals belonging to group A are at
higher risk of infection with the viruses [23–25].

On complete blood count parameters, there are reports with variations in patterns
of change for the various parameters, although lymphocytopenia is commonly reported
to be associated with increased severity of COVID-19 [26,27]. Furthermore, studies have
revealed that older people, males and individuals with comorbidities are at an increased
risk of severe forms of SARS-CoV-2 infection [28,29].

Despite the outcomes of these tremendous and seminal works on linking SARS-CoV-2
infection and COVID-19 disease to age, blood group, haematological parameters and ACE2
levels, these reports are limited to the Asian, American and European regions. Meanwhile,
individuals in these regions differ significantly owing to demographic and geographical
variations. To illustrate, Africa has a largely youthful population, while Europe and other
continents have largely an adult or older population [30,31]. Also, the distributions of
the ABO blood groups significantly vary from one continent to the other; blood group
A is dominant in Asia, whereas blood group O is dominant in Africa [32,33]. It is thus a
challenge to extrapolate this same understanding of the risks of SARS-CoV-2 infection in
other regions and/or countries such as Ghana. We thus report here on the haematological
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profile (complete blood count test parameters, and ABO and Rh blood groups) and plasma
ACE2 levels in COVID-19 patients in a major cosmopolitan city in Ghana.

2. Materials and Methods
2.1. Study Sites and Design

This was a cross-sectional study that was conducted between June 2020 and July 2021
at six hospitals, namely, Komfo Anokye Teaching Hospital (KATH), Seventh Day Adventist
(SDA) Hospital (Kwadaso), Suntreso Government Hospital (SGH), Kumasi South Hospital
(KSH), Maternal and Child Health Hospital (MCHH) and the University Hospital (UH) of
the Kwame Nkrumah University of Science and Technology (KNUST), all in the Kumasi
Metropolis of the Ashanti Region of Ghana. During the study period, these six hospitals
were among the Ghana Health Service/Ministry of Health-accredited hospitals in the
Kumasi Metropolis and in the Ashanti Region for screening, testing and managing patients
with SARS-CoV-2 infection. The Kumasi Metropolitan Assembly (KMA) is the local gov-
erning body responsible for the administration and development of the Kumasi Metropolis
(or Kumasi metropolitan area) in Ghana. The capital of the KMA and the Ashanti Region
is Kumasi. The metropolis has a population of nearly five hundred thousand [34]. Par-
ticipants were individuals suspected of having COVID-19 at the isolation centres of the
various hospitals who (or their legal caretakers) agreed to partake in this study.

2.2. Study Population and Data Collection

Individuals of all ages suspected of having COVID-19 and presenting to the various
hospitals who agreed (or their legal caretakers agreed) were approached to participate.
Those who were not at any of the six hospitals or who failed to give consent were excluded.
Clinical–demographic data collected included presenting signs and symptoms, reporting
facility/hospital, disease severity, age and gender. The severity of COVID-19 was classified
as asymptomatic, mild, moderate and severe illness based on the United States National
Institutes of Health (NIH) treatment guidelines for classifying the clinical spectrum of
SARS-CoV-2 infection [35].

2.3. Laboratory Investigations

For each participant, a nasopharyngeal swab for testing for COVID-19 was collected
into a viral transport media (VTM), appropriately labelled and stored at 4 ◦C in a cold
box for transportation. Using standard procedures, 1–3 mL of blood was collected into a
tube containing the ethylenediaminetetraacetic acid (EDTA) anticoagulant, appropriately
labelled and placed in the cold box for transportation. Samples were transported to the
Kumasi Centre for Collaborative Research in Tropical Medicine (KCCR) at KNUST and
the Public Health Laboratory (PHL) of the School of Public Health, KNUST, for various
laboratory investigations. COVID-19 testing was performed at KCCR, while complete
blood count (CBC) test, blood group analysis and plasma ACE2 testing were performed
at PHL.

Testing for SARS-CoV-2 was performed by reverse transcription real-time polymerase
chain reaction (RT-qPCR) on the nasopharyngeal swabs. Prior to the RT-qPCR, viral RNA
was extracted from the swabs using QIAamp viral RNA mini kit (Qiagen, Kobe, Japan),
following the manufacturer’s protocol. The DaAnGene (Guandong, China) commercial
PCR kit which detects the open reading frame 1 a and b (ORF1ab) and N genes was used for
the RT-qPCR assay. The reaction was set up following a modified manufacturer’s protocol,
with these cycling conditions: 55 ◦C for 10 min (reverse transcription), 94 ◦C for 3 min
(initial denaturation), then 45 cycles of 94 ◦C for 15 s (denaturation) and 54 ◦C for 30 s
(annealing) with the C1000 Touch Thermal Cycler and CFX 96 Real-Time System (Bio-Rad
Laboratories, Inc., Cape Town, South Africa). A threshold cycle (Ct value) greater than 40
indicated a negative sample. In each RT-qPCR run, known positive and negative controls,
as well as internal controls, were added.
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The Sysmex XN 350 haematology auto-analyser (Sysmex Corporation, Kobe, Japan)
was used for the CBC test at the PHL. A small volume of the well-mixed EDTA sample
was aspirated using the suction probe of the analyser. Following auto-analysis, the results
were displayed on the analyser and subsequently printed on paper. Quality control was
performed daily prior to analyses of the study samples. The instrument generated 28 CBC
test parameters including the red cell indices, platelet indices and 5-part white blood
cell differentials.

The ABO and Rh blood group analyses were carried out by using the tube grouping
method using anti-A, anti-B and anti-D monoclonal antibody kits (Bio Lab Diagnostics,
Mumbai, India). Generally, a sample of each homogenous EDTA whole blood was saline
washed and a final cell suspension of 2–5% was prepared. Two volumes of anti-A, anti-B
or anti-D antisera were added to a volume of 2–5% red cell suspension. The mixture was
incubated at room temperature (20–24 ◦C) for 5 min, centrifuged at 1000 rpm for 1 min
and checked for agglutination against a well-lit background. Agglutination, seen in 1 min,
indicated the presence of the corresponding antigen in the sample. Prior to each batch
analysis, internal quality controls were performed using known cells. The results were
interpreted according to the manufacturer’s protocol.

Following the CBC test and blood grouping, the remaining blood sample in the EDTA
tube was centrifuged at 2500× g for 10 min to separate the plasma from the blood cells.
Plasma aliquots were made and were stored at −20 ◦C prior to batch analysis. Plasma
ACE2 was quantitatively determined by sandwich enzyme-linked immunosorbent assay
(ELISA) using Biomatik human ACE2 ELISA kits (#EKF5832, Biomatik, Kitchener, ON,
Canada). Each frozen plasma was allowed to thaw and equilibrate to room temperature
before ACE2 levels were estimated according to the manufacturer’s protocol. Each batch of
analysis included a blank to account for background absorbance and seven (7) standards
generated through serial dilution, which were also used to generate the standard curve
and to derive the concentrations of ACE2 in the plasma samples of the participants. For the
acceptability of a run, no more than three overall and/or two consecutive deletions was
allowed in the standard curve.

2.4. Data Analysis

Analyses were run using IBM SPSS Statistics for Macintosh, version 25.0 (IBM Corp.,
Armonk, NY, USA). A one-sample Kolmogorov–Smirnov test and the Shapiro–Wilk nor-
mality test were used to assess the distributions of the data. Descriptive statistics were
computed for continuous and categorical variables. Descriptive data are presented as
frequencies with corresponding percentages for categorical variables. Quantitative non-
parametric data are presented in median (1st–3rd quartiles or interquartile range, IQR). For
various comparisons, participants were grouped based on SARS-CoV-2 status, COVID-19
disease severity, gender, predefined age groups, and ABO and Rh blood types; Kruskal–
Wallis tests or, where necessary, Chi square/Fisher’s tests were performed to assess dif-
ferences between these groups. Statistical analyses were performed only on participants
with complete data for the variables analysed; variables with incomplete/no data were
excluded from analyses that related to them. Statistical significance based on a two-sided
hypothesis was set at p < 0.05.

3. Results
3.1. General Description of Study Participants

In total, 515 participants were included in this study. Males constituted the majority
of the patients screened for infection with SARS-CoV-2 (n = 288/515, 55.9%). The overall
median age of the study participants was 37 years (IQR = 26–53). The majority (n = 190/515,
36.9%) of the participants were enrolled at the Komfo Anokye Teaching Hospital (KATH).
Blood group O (n = 260/490, 53.1%) was the commonest ABO blood type, and 89.2%
(n = 437/490) of the participants were positive for the Rh ‘D’ antigen. Overall, a little over
half of the study participants (n = 259/515, 50.3%) tested positive for SARS-CoV-2. However,



COVID 2024, 4 121

only 1.5% (n = 4/259) of the positive cases presented with the severe form of COVID-19
illness (Table 1), and this group made up 0.8% (n = 4/515) of the total participants.

Table 1. Demographic characteristics, blood group and COVID-19 status of participants.

Variable Frequency Percentage (%) Total

Gender Male 288 55.9 515
Female 227 44.1

Age (years) Median (IQR) = 37 (26–53) 497 *
20 and below 73 14.7
21–30 93 18.7
31–40 117 23.5
41–50 75 15.1
51–60 49 9.9
61–70 43 8.7
71–80 30 6.0
81 and above 17 3.4

Recruiting Hospital University Hospital 38 7.4 515
KATH 190 36.9
KSH 23 4.5
MCHH 7 1.4
SDA Hospital 142 27.6
SGH 115 22.3

ABO Blood Group A 111 22.7 490 *
B 106 21.6
AB 13 2.7
O 260 53.1

Rhesus Blood Group Positive 437 89.2 490 *
Negative 53 10.8

SARS-CoV-2 Status Positive 259 50.3 515
Negative 256 49.7

COVID-19 Severity Asymptomatic 68 26.3 259
Mild 110 42.5
Moderate 77 29.7
Severe 4 1.5

* Records were only available for those with complete data. Missing data were removed. COVID-19, coronavirus
disease 2019; SARS-CoV, severe acute respiratory syndrome coronavirus 2; IQR, interquartile range.

3.2. Relationship between COVID-19, Participant Demographics and Selected Laboratory
Parameters

The SARS-CoV-2-negative participants were significantly (p = 0.002) younger (36 years,
IQR = 24–50) than the SARS-CoV-2-positive (39 years, IQR = 29–57) participants. There
was no statistical difference between the SARS-CoV-2-positive and SARS-CoV-2-negative
groups in terms of gender (p = 0.496), ABO blood group (p = 0.711) or Rh ‘D’ factor
(p = 0.805). Still, there were more participants with blood group O who tested positive
(n = 139) than those in group O who tested negative (n = 121) (Table 2).

Table 2. Comparison of demographic and selected laboratory data stratified by SARS-CoV-2 status
of participants.

Variable
SARS-CoV-2 Negative SARS-CoV-2 Positive

p-Value
Frequency Percentage (%) Frequency Percentage (%)

Age (in years) N = 245 N = 252
Median (IQR) 36 (24–50) 39 (29–57)
20 and below 52 21.2 21 8.3 0.002

21–30 41 16.7 52 20.6
31–40 55 22.4 62 24.6
41–50 39 15.9 36 14.3
51–60 21 8.6 28 11.1
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Table 2. Cont.

Variable
SARS-CoV-2 Negative SARS-CoV-2 Positive

p-Value
Frequency Percentage (%) Frequency Percentage (%)

61–70 21 8.6 22 8.7
71–80 11 4.5 19 7.5

81 and above 5 2.0 12 4.8
Gender N = 256 N = 259

Male 147 57.4 141 54.4 0.496
Female 109 42.6 118 45.6

ABO Blood Group N = 239 N = 251
A 55 23.0 56 22.3 0.403
B 56 23.4 50 19.9

AB 7 2.9 6 2.4
O 121 50.6 139 55.4

Rh Status N = 239 N = 251
Positive 214 89.5 223 88.8 0.805

Negative 25 10.5 28 11.2
COVID-19, coronavirus disease 2019; IQR, interquartile range; KATH, Komfo Anokye Teaching Hospital; KSH,
Kumasi South Hospital; SDA, Seventh Day Adventist; MCHH, Maternal and Child Health Hospital; SGH,
Suntreso Government Hospital; Rh, Rhesus. p-values were determined using either Chi-square or Fisher’s exact
test where appropriate.

3.3. Complete Blood Count Parameters, Plasma ACE2 Levels and COVID-19 Status

The SARS-CoV-2-positive participants had significantly lower MCV (83.4 fL, IQR =
78.9–89.0, p < 0.001) associated with significantly reduced HCT (38.3%, IQR = 32.7–42.4,
p = 0.023) and high MCHC (33.1 g/dL, IQR = 31.80–34.40, p < 0.001) compared to their
SARS-CoV-2-negative counterparts; however, these variations did not significantly affect
the haemoglobin (HGB) concentration (p = 0.630) and the red cell (RBC) count (p = 0.929) be-
tween the two groups. Also, platelet (PLT) count was significantly increased (230 ×103/µL,
IQR = 159–305, p = 0.046), with a decreased mean platelet volume (MPV) (11 fL,
IQR = 10.30–11.60, p < 0.001) in SARS-CoV-2-positive participants compared to SARS-
CoV-2-negative participants. Additionally, SARS-CoV-2-positive participants presented
with significantly elevated total WBC count (p = 0.006), with an associated significant
increase in neutrophil (p = 0.002) and with reduced basophil (p < 0.001) fractions compared
to SARS-CoV-2-negative counterparts. To explore the association between ACE2 levels and
susceptibility to SARS-CoV-2, 112 and 56 participants with complete demographic and
other laboratory data, and who were, respectively, positive and negative for SARS-CoV-2
RT-qPCR, were randomly selected. Plasma ACE2 levels were not found to be significantly
different (p = 0.079) between SARS-CoV-2-negative and SARS-CoV-2-positive participants,
although the levels were higher in the latter group (45.37 ng/mL, IQR = 37.68–55.88) than
in the former group (41.55 ng/mL, IQR = 34.97–51.63) (Table 3).

Table 3. Haematological parameters and ACE2 levels stratified by SARS-CoV-2 status of participants.

Variable
Total SARS-CoV-2 Positive SARS-CoV-2 Negative

p-Value
N Median (IQR) N Median (IQR) N Median (IQR)

Red Cell Count and Red Cell Indices
RBC (×106/µL) 515 4.54 (4.04–5.09) 259 4.59 (4.00–5.10) 256 4.50 (4.07–5.07) 0.929
HGB (g/dL) 515 12.60 (11.05–14.10) 259 12.60 (11.10–13.90) 256 12.60 (10.83–14.20) 0.630
HCT (%) 515 38.80 (32.80–43.55) 259 38.30 (32.70–42.40) 256 39.35 (32.75–45.38) 0.023
MCV (fL) 515 84.50 (78.90–90.00) 259 83.40 (78.90–89.00) 256 86.50 (78.95–91.90) <0.001
MCH (pg) 515 27.80 (26.10–29.40) 259 27.80 (26.10–29.10) 256 27.80 (26.10–29.60) 0.457
MCHC (g/dL) 515 32.80 (31.00–34.40) 259 33.10 (31.80–34.40) 256 32.10 (30.30–34.30) <0.001
Platelet Count and Platelet Indices
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Table 3. Cont.

Variable
Total SARS-CoV-2 Positive SARS-CoV-2 Negative

p-Value
N Median (IQR) N Median (IQR) N Median (IQR)

PLT (×103/µL) 515 213.00
(156.50–291.00) 259 230.00

(159.00–305.00) 256 208.00
(153.25–270.25) 0.046

MPV (fL) 462 11.20 (10.40–12.00) 231 11.00 (10.30–11.60) 231 11.60 (10.60–12.30) <0.001
PCT (%) 462 0.25 (0.19–0.32) 231 0.26 (0.20–0.33) 231 0.24 (0.19–0.31) 0.128
WBC Count and DIFF
WBC (×103/µL) 515 5.94 (4.13–9.31) 259 6.36 (4.44–10.09) 256 5.655 (3.78–8.38) 0.006
NEUT (×103/µL) 515 3.09 (1.71–6.31) 259 3.54 (1.87–7.43) 256 2.93 (1.25–5.71) 0.002
LYMPH (×103/µL) 515 1.80 (1.31–2.37) 259 1.80 (1.25–2.37) 256 1.81 (1.36–2.38) 0.488
MONO (×103/µL) 515 0.48 (0.35–0.72) 259 0.51 (0.36–0.72) 256 0.45 (0.33–0.73) 0.210
EO (×103/µL) 515 0.05 (0.02–0.13) 259 0.05 (0.01–0.12) 256 0.06 (0.02–0.14) 0.208
BASO (×103/µL) 515 0.04 (0.02–0.06) 259 0.03 (0.02–0.05) 256 0.05 (0.03–0.09) <0.001
ELISA Test
Plasma ACE2 (ng/mL) 168 43.65 (36.79–54.57) 112 45.37 (37.68–55.88) 56 41.55 (34.97–51.63) 0.079

N, frequency; IQR, interquartile range; RBC, red blood cell; HGB, haemoglobin; HCT, haematocrit; MCH, mean
cell haemoglobin; MCV, mean cell volume; MCHC, mean cell haemoglobin concentration; PLT, platelet; MPV,
mean platelet volume; PCT, thrombocrit; WBC, white blood cell; DIFF, differential; NEUT, neutrophils; LYMPH,
lymphocytes; MONO, monocytes; EO, eosinophils; BASO, basophils; ELISA, enzyme-linked immunosorbent
assay; ACE2, angiotensin-converting enzyme 2.

3.4. Levels of Full Blood Count Parameters with Severity of SARS-CoV-2 Infection

Table 4 shows the age and blood cell indices stratified by COVID-19 severity, namely,
asymptomatic, mild, moderate and severe. There were significant variations among the
groups with respect to age (p < 0.001), RBC count (p = 0.014), haemoglobin concentration,
HGB (p = 0.003), haematocrit, HCT (p = 0.001), platelet (PLT) count (p = 0.023), thrombocrit,
PCT (0.042), white blood cell (WBC) count (p < 0.001), neutrophil (NEUT) count (p < 0.001),
lymphocyte (LYMPH) count (p < 0.001) and eosinophil (EO) count (p = 0.001). Generally,
among these CBC parameters, from asymptomatic to mild to moderate to severe COVID-19
illness, a downward trend was observed in the levels of each of RBC, HGB, HCT, PLT, PCT,
LYMPH and EO, as opposed to an upward trend in the same order of COVID-19 severity
in the WBC and NEUT counts.

Table 4. Age and haematological parameters stratified by COVID-19 disease severity of participants.

Variable
Asymptomatic Mild Moderate Severe

p-Value
N Median (IQR) N Median (IQR) N Median (IQR) N Median (IQR)

Demographics

Age (years) 61 35.00
(28.50–42.50) 110 35.50

(26.00–50.25) 77 55.00
(38.50–69.50) 4 70.00

(35.25–80.00) <0.001

Red Cell Count and Red Cell Indices
RBC
(×106/µL) 68 4.82

(4.25–5.23) 110 4.60
(3.97–5.03) 77 4.31

(3.58–5.08) 4 3.75
(2.64–4.79) 0.014

HGB (g/dL) 68 13.10
(11.93–14.48) 110 12.65

(11.05–13.90) 77 12.20
(9.65–13.60) 4 9.55

(7.85–11.93) 0.003

HCT (%) 68 39.25
(36.20–43.73) 110 38.85

(32.45–43.13) 77 35.80
(29.80–40.45) 4 28.55

(24.28–37.93) 0.001

MCV (fL) 68 83.70
(80.03–87.13) 110 83.85

(80.60–90.23) 77 81.90
(76.90–88.50) 4 80.70

(74.70–93.08) 0.149

MCH (pg) 68 27.95
(26.50–29.10) 110 27.80

(26.18–29.33) 77 27.70
(25.55–29.10) 4 27.25

(23.40–29.90) 0.933

MCHC (g/dL) 68 33.30
(32.45–34.20) 110 32.60

(31.38–34.33) 77 33.70
(31.95–35.10) 4 31.25

(31.10–34.93) 0.082

Platelet Count and Platelet Indices
PLT
(×103/µL) 68 260.00

(197.25–307.50) 110 227.00
(157.50–304.25) 77 190.00

(134.50–296.00) 4 207.00
(183.50–355.75) 0.023
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Table 4. Cont.

Variable
Asymptomatic Mild Moderate Severe

p-Value
N Median (IQR) N Median (IQR) N Median (IQR) N Median (IQR)

MPV (fL) 63 10.70
(10.20–11.40) 97 11.10

(10.30–11.80) 67 11.00
(10.40–11.80) 4 10.00

(9.23–11.15) 0.118

PCT (%) 63 0.29
(0.23–0.34) 97 0.26

(0.20–0.33) 67 0.23
(0.16–0.31) 4 0.21

(0.20–0.35) 0.042

WBC Count and DIFF
WBC
(×103/µL) 68 5.23

(4.15–6.53) 110 6.06
(4.06–8.68) 77 8.49

(6.15–12.64) 4 15.87
(6.68–19.80) <0.001

NEUT
(×103/µL) 68 2.33

(1.70–3.39) 110 2.91
(1.34–6.10) 77 6.06

(3.63–10.61) 4 14.69
(5.70–18.96) <0.001

LYMPH
(×103/µL) 68 2.17

(1.70–2.56) 110 1.83
(1.23–2.26) 77 1.41

(1.08–2.17) 4 0.47
(0.22–0.66) <0.001

MONO
(×103/µL) 68 0.455

(0.35–0.62) 110 0.52
(0.36–0.69) 77 0.55

(0.39–0.84) 4 0.35
(0.29–0.94) 0.161

EO
(×103/µL) 68 0.08

(0.03–0.15) 110 0.05
(0.02–0.12) 77 0.03

(0.00–0.10) 4 0.00
(0.00–0.03) 0.001

BASO
(×103/µL) 68 0.03

(0.02–0.05) 110 0.03
(0.02–0.04) 77 0.02

(0.01–0.05) 4 0.015
(0.00–0.05) 0.343

ELISA Test
Plasma ACE2
(ng/mL) 29 50.61

(43.90–58.61) 39 44.19
(36.75–55.88) 40 40.68

(34.09–48.10) 4 52.34
(33.59–61.79) 0.024

N, frequency; IQR, interquartile range; RBC, red blood cell; HGB, haemoglobin; HCT, haematocrit; MCH, mean
cell haemoglobin; MCV, mean cell volume; MCHC, mean cell haemoglobin concentration; PLT, platelet; MPV,
mean platelet volume; PCT, thrombocrit; WBC, white blood cell; DIFF, differential; NEUT, neutrophil; LYMPH,
lymphocytes; MONO, monocytes; EO, eosinophil; BASO, basophil; ACE2, angiotensin-converting enzyme 2.

3.5. Plasma ACE2 Levels by Gender, Age, Blood Type and COVID-19 Infection Severity Level

To determine the relationship between ACE2 levels and the severity of COVID-19
illness, gender, age or blood group, plasma levels of ACE2 were stratified by the afore-
mentioned parameters. Comparing the median (IQR) among the participants based on
the selected groups showed no variations in plasma ACE2 levels for age (p = 0.726), ABO
blood type (p = 0.887) or Rhesus blood type (p = 0.073). However, plasma ACE2 levels
were significantly (p = 0.032) higher in males (45.53 ng/mL, IQR = 38.61–57.59) than in
females (41.43 ng/mL, IQR = 35.93–50.26). Although plasma ACE2 levels also significantly
varied (p = 0.024) among participants based on COVID-19 severity, a Bonferroni post hoc
analysis revealed that the significant variation (p = 0.015) lay only between those showing
asymptomatic illness (50.61 ng/mL, IQR = 43.90–58.61) and those showing moderate illness
(40.68 ng/mL, IQR = 34.09–48.10), and this latter group had the least concentration of
plasma ACE2.

4. Discussion

This study showed significant differences with respect to age between those infected
and those not infected with SARS-CoV-2. Participants with the infection were older than
those who tested negative. It is worthy of note that more than a third of the participants who
were SARS-CoV-2 positive were at least 51 years old. Consistent with other studies, we have
shown that older individuals are more susceptible to COVID-19 [29,36–39]. A reason for
such a susceptibility in these older age groups may be attributed to the increased expression
in respiratory tissues of the angiotensin-converting enzyme 2 receptor (ACE2R) [7,8].
The virus invades host cells using the ACE2R [36,39], and as such, their increased tissue
expression during old age may explain why older people are significantly more likely to
have COVID-19 than younger people. Furthermore, immunosuppression resulting from
senescence/aging especially in the geriatric age group of 81 years and above may also
explain the susceptibility to infection with SARS-CoV-2 [29,39]. Although there were more
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males than females, gender was not associated with infection with the SARS-CoV-2 virus,
as has been reported in other studies [1,40,41].

Several other studies suggest that ABO blood type may contribute to disease sus-
ceptibility, with group O showing less susceptibility and group A more susceptibility to
COVID-19 [24,42,43]. Furthermore, the severity of COVID-19 has also been associated
with the same ABO blood group susceptibility, where group A is a risk factor for severe
disease [42]. These notwithstanding, the findings of this study show that blood group
O may not be protective against SARS-CoV-2 infection, and blood group A may not be
a risk factor for COVID-19. There was no significant association between ABO blood
group and positive COVID-19 status. The contrast between the findings of this study and
those previously reported by other investigators may be due to variations in geographical
locations of the study and their associated different predominant ABO blood type in the
local populations [36,39]. As an example, studies that reported group A as a risk factor for
COVID-19 and its severity were from Asia, where blood group A is predominant [18,24,42].
Meanwhile, O is the predominant blood group among the participants in the present study
and in the country Ghana [32,39]. Some studies have reported an association between
the Rh factor and COVID-19 [37,44]. However, we did not find such association between
the Rh factor and COVID-19. This adds to the already published data [36,38] that show
such an outcome when the link between the Rh factor and susceptibility to COVID-19
was investigated.

Among the common haematological parameters associated with SARS-CoV-2 infection
and COVID-19 disease severity are anaemia [45,46], leukocytosis [47,48], lymphocytope-
nia [49,50] and neutrophilia [47]. We found anaemia, leukocytosis, lymphocytopenia and
neutrophilia to similarly change with increasing disease severity, consistent with the other
named reports. The occurrence of lymphocytopenia could be explained by the virus attach-
ing to this WBC subtype or by sequestration of the lymphocytes to sites of inflammation in
the tissues [48,49,51,52]. Still, the exact mechanism of lymphocytopenia or anaemia in the
participants is not known and may require further studies.

The plasma ACE2 levels were measured using ELISA techniques. While plasma ACE2
concentration was not affected by ABO or Rh blood group, or the age of participants, there
were significant correlations associated with ACE2 levels and gender, and disease severity
(Table 3 and Figure 1), similar to other reports [53,54]. The reasons for higher plasma ACE2
levels in males than in females include sex hormones, such as androgens (e.g., testosterone)
and oestrogens, that are known to influence the expression of ACE2. Androgens upregulate
ACE2 expression, potentially contributing to higher levels of ACE2 in males. Conversely,
oestrogens downregulate ACE2 expression. These hormonal differences play a role in
the observed sex differences in plasma ACE2 levels [54,55]. Genetic differences between
males and females influence ACE2 expression. The ACE2 gene is expressed on the X
chromosome, and thus, the protein is much more translated from the single X chromosome
in males than in females [56]. While plasma ACE2 levels do not vary significantly between
SARS-CoV-2-positive and SARS-CoV-2-negative individuals (Table 3), here, in the SARS-
CoV-2-positive participants, plasma ACE2 levels were significantly different only between
the asymptomatic illness group and the moderate group. The patterns of plasma ACE2
seen in these participants suggest that plasma ACE2 levels may not be a good marker to
predict worsening illness. The present study could not provide data on the comorbidities of
the participants. Also, this study could not measure plasma ACE2 levels for all participants
owing to financial constraint. Future studies may look into this to provide additional
information on the influence of ACE2 levels on COVID-19 in comorbid patients using
large study data. These studies may focus on the levels of plasma and/or tissue ACE2
or ACE2Rs.
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Figure 1. Comparison of ACE2 levels stratified by gender, age, and ABO and Rhesus blood groups.
The participants were grouped according to gender (A), age groups (B), ABO (C) and Rhesus (D)
blood types, and severity of COVID-19 (E). There were no significant variations in the plasma ACE2
levels based on age group (p = 0.726), and ABO (p = 0.887) and Rhesus (p = 0.073) blood types. The
plasma ACE2 levels showed significant variations among the participants based on gender (p = 0.032)
and COVID-19 disease severity (p = 0.011).

5. Conclusions

We established an association between age and COVID-19. However, there was
no statistically significant association between ABO or Rh blood groups and COVID-
19 infection, as well as plasma ACE2 levels and susceptibility to SARS-CoV-2 infection.
Lymphocytopenia was associated with disease severity and may be a good biomarker to
monitor disease severity.
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Further studies are required to help understand the exact contributions of ABO and
Rh antigens and the anti-A and anti-B antibodies towards COVID-19 infection.
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