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Background: Millions were infected and many were dying because of the coronavirus disease 2019, since its emergence. The patients
experience asymptomatic, mild, moderate, severe and critical disease with varying signs and symptoms. Decreased lymphocytes and
abnormal liver and renal function tests are common among COVID-19 patients. Severe and critical cases show higher number of white
blood cells, and neutrophils. However, studies showed different laboratory findings in different disease status. Therefore, this study
investigated laboratory findings of COVID-19 admitted patients at Dilla University Referral Hospital treatment center, South Ethiopia.
Methods: A retrospective study design was conducted on 220 patients confirmed by real time polymerase chain reaction, and
admitted to Dilla University Referral Hospital treatment center from September 2020 to July 2021. Data were collected from the
patients’ record, and analyzed by GraphPad Prism version 8.0.1.244 software. Descriptive statistics were used to analyze the frequency
while independent -test was used to compare means of each parameter for each disease status.

Results: Of the 220 study cases, 120 (54.5%) were severe, 89 (40.5%) were moderate and 11 (5.0%) were mild. One hundred forty
(71.1%) of the 197 laboratory tested cases, 87 (77.7%) of severe, and 49 (64.5%) of the moderate cases had neutrophils above normal
range. However, 134 (68.0%) of them, 82 (73.2%) of severe and 49 (64.5%) of moderate cases showed decreased lymphocyte level.
Most of the cases showed an increased level of aspartate transaminase, alanine transaminase, alkaline phosphatase, total bilirubin, and
total calcium. There was statistically significant mean neutrophils (p=0.04), number of white blood cells (p= 0.02), and creatinine level
(p=0.00) difference between severe and mild cases.

Conclusion: Most of the severe COVID-19 patients showed increased neutrophils, liver function tests; and decreased lymphocytes;
suggesting higher inflammation and lymphopenia. Therefore, patients with severe and critical disease status require close follow-up.
Keywords: COVID-19, disease status, laboratory findings

Introduction

COVID-19 is caused by enveloped RNA viruses that infect humans and other animals, the SARS-CoV-2 virus.! The
disease is spreading globally, and different COVID-19 variants are emerging in many countries around the world. Alpha
(B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2),> and Omicron (B.1.1.529) are the main variants that cause
morbidity and mortality worldwide. The Delta variant is currently the dominant variant that is circulating globally.> The
Omicron variant has many mutations that make the virus act differently from other variants.*> It spreads more easily than
previous strains because it has more mutations than any other variant so far. Many of the mutations are in the spike
proteins.® The SARS-CoV-2 virus transmit from an infected person’s mouth or nose within small liquid particles when
they cough, sneeze, speak, sing, or breathe.” There have been 481,756,671 confirmed cases of COVID-19, including
6,127,981 deaths globally up to March 2022. 8,567,298 confirmed cases and 171,006 deaths in Africa.® The number of
COVID-19 cases in Ethiopia is increasing in most parts of the country, in particular, Somali, Afar, Amhara, Oromia, and
Tigray regions are more likely to be affected. The risk of COVID-19-related death is high in the country’s border parts,
where health facilities are limited.’
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Most people infected with the virus experience mild to moderate respiratory illness and recover without requiring special
support.'® However, some may become seriously ill and need medical attention. Older people and those with chronic diseases
like cardiovascular disease, diabetes, chronic respiratory diseases,'' or cancer may develop serious illness.” The most
prevalent symptoms are fatigue, shortness of breath, muscle pain, joint pain, headache, cough, chest pain, altered smell,
altered taste, and diarrhea.'>'? The patients may also experience a range of clinical manifestations including asymptomatic,
mild, moderate, severe or critical illness with varying signs and symptoms including, respiratory failure, septic shock, and
multiple organ dysfunction.'*'® Within 4 weeks after infection, most people infected with the SARS-CoV-2 virus develop
neutralizing antibodies.'” However, the strength and duration of the immune responses to the virus are not completely
understood, and some evidence shows that they vary by age and the severity of the disease.'® Like other viral infections, T cells
play a vital role in generating early control of the virus, even though their role in the resolution or exacerbation of COVID-19,
as well as their potential to provide long-term protection from reinfection with SARS-CoV-2, remains debated."
Specific T cells may even have a detrimental impact on the clinical outcome and contribute to long-term COVID-19
symptoms.”® Reinfection with the virus can also occur; this indicates non durability of the immune response.”'* The
emergence of new variants with the ability to evade immune response may result in reinfection.”> > Preventive
measures like wearing masks, vaccination and social distancing are very important, especially for patients who have under-
lying conditions, and older people.'®-*

Results of blood tests of total white blood cells (WBCs), neutrophils, lymphocytes, and platelets, liver function, renal
function tests, and other biomarkers have potential clinical value in COVID-19 patients.?”-*® Reductions in leukocytes such
as eosinophil and lymphocyte are common in Covid-19 infection, and severe lymphopenia is common among the deceased
patients.”® Aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), bilirubin and
C-reactive protein levels,*® and blood urea nitrogen (BUN) are found to be abnormal among COVID-19 patients, especially
in severe cases.”' Severe and critical cases show higher number of white blood cells, and neutrophil counts.** >* However,
different studies showed different laboratory findings in different disease status,®® that need further investigation.
Therefore, this study attempted to describe laboratory findings in different disease status of COVID-19 admitted patients
at Dilla University Referral Hospital treatment center, South Ethiopia.

Materials and Methods

Data Collection

This study was conducted at the Dilla University Referral Hospital, South Ethiopia. A retrospective study design was
conducted for 220 real time polymerase chain reaction (RT-PCR) confirmed COVID-19 patients, who were admitted to
Dilla University Referral Hospital treatment center from September 2020 to July 2021. All patients were confirmed for
COVID-19 by RT-PCR testing their nasal and pharyngeal swabs samples. All COVID-19 positive cases were admitted to
the treatment center. Therefore, we included all the admitted patients’ records except the incomplete ones, and used the
baseline data that were recorded at the time of admission. 220 complete records of admitted patients were included.
Socio-demographic, disease status and Laboratory findings data were collected from the patients’ record. Trained general
practitioners and nurses who were working at treatment center collected the data from the patients’ record.

Data Analysis

Data was entered and analyzed by GraphPad Prism version 8.0.1.244 software. Descriptive statistics were used to
analyze frequency and percentage of the parameters while independent #-test was used to compare means of each
parameter for each disease status (mild, moderate and severe).

Definitions

Study patients are classified into severe, moderate and mild according to the WHO criteria. Accordingly, mild cases were
symptomatic patients without evidence of viral pneumonia or hypoxia, moderates were the cases with clinical signs of
non-severe pneumonia while severe cases were the cases with clinical signs of severe pneumonia like fever, cough,
dyspnea and respiratory rate >30 breaths /minute or SPO2<90%.
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Ethical Approval

Ethical approval and waiver consent was obtained from the Institutional Review Board (IRB) of the Dilla University
College of Medicine and Health sciences under the protocol unique number of duirb/002/21-10 before the data collection.
The consent to participate in the study was not applicable because the study was retrospective and was conducted on the
data collected from the patients’ medical records. The privacy and confidentiality of their personal information were
protected according to ethical principles for medical research involving human subjects of the World Medical
Association Declaration of Helsinki.

Result

Socio-Demographic Factors

Out of 220 study cases, 113 (51.4%) of them were above 50 years of age, and the mean age was 47 years. Most of the
cases, 123 (55.9%), were male, and housewife accounted for the largest number of cases 47 (21.4%) followed by
unemployment 41 (18.6%), Government employees 31 (14.1%), farmers 30 (13.6%), self-employed 28 (12.7%),
merchants 20 (9.1%) and students (6.8%) (Table 1).

Disease Status

Of the 220 admitted patients, 120 (54.5%) were severe, 89 (40.5%) were moderate, and 11 (5.0%) were mild. One
hundred sixty-seven (75.9%) cases were improved and 49 (22.3%) of them died, while 4 (1.8%) cases were transferred
out. Out of the 167 improved cases, 80 (47.9%) were 50+ years, 58 (34.7%) were between 3049 years, and 29 (17.4%)
were <30 years, and 96 (57.5%) were male while 71 (42.5%) were female. Eighty-six (51.5%) were moderate, 70
(41.9%) were severe and 11 (6.6%) cases were mild. Of the 49 died cases, 29 (59.2%) cases were beyond the age of 50+
years, while 11 (22.4%) were between the age group of 30—49 years and 9 (18.4%) were <30 years age, and males
accounted for 28 (57.1%) while females were 21 (42.9%), and 48 (98%) cases were severe and 1 (2%) was moderate
(Table 2).

Laboratory Findings

Normal, Increased, or Decreased Laboratory Findings

Of the 197 Neutrophil, Lymphocyte, Platelet, WBC, red blood cells (RBC) and hematocrit (Hct) tested COVID-19 cases,
140 (71.1%) had neutrophils above normal range while 51 (25.9%) showed within normal range and 6 (3%) below the
normal range. Likewise, of the 112 severe cases, 87 (77.7%) of them showed increased Neutrophils, 21 (18.8%) within

Table | Socio-Demographic Factors of Hospitalized COVID-19 Patients (n=220) to Dilla
University Referral Hospital, December 2021

Socio-Demographic Factors Frequency Percent (%)
Sex Male 123 55.9
Female 97 44.1
Age <30 years 38 17.3
30-49 years 69 314
50+ years 113 51.4
Occupation House wife 47 21.4
Unemployed 41 18.6
Government employed 31 14.1
Farmer 30 13.6
Self-employed 28 12.7
Merchant 20 9.1
Student 15 6.8
Daily laborer 4 1.8
Driver 3 1.4
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Table 2 Disease Status of Admitted COVID-19 Confirmed Cases (n=220) to Dilla

University Referral Hospital, December 2021

Variables Category Improved Died
Frequency (%) Frequency (%)
Age <30 years 29 (17.4) 9 (18.4)
3049 years 58 (34.7) 11 (22.4)
50+ years 80(47.9) 29 (59.2%)
Sex Male 96 (57.5) 28 (57.1)
Female 71 (42.5) 21 (42.9)
Disease status Mild Il (6.6) 0 (0)
Moderate 86 (51.5) 1(2)
Sever 70 (41.9) 48 (98)

the normal range and 4 (3.6%) decreased Neutrophil number. Among 76 moderate cases, 49 (64.5%) showed increased
Neutrophils, 25 (32.9%) within normal range and 2 (2.6%) decreased Neutrophils. Therefore, most of severe and
moderate cases showed increased Neutrophils level. However, 134 (68.0%) of the cases showed decreased
Lymphocytes, 3 (1.5%) of the cases had Lymphocytes above normal range and 60 (30.5%) within normal range.
Similarly, of the 112 severe cases, 82 (73.2%) showed decreased Lymphocyte level, 3 (2.7%) had above normal range
and 27 (24.1%) within normal range. Out of 76 moderate cases, 27 (35.5%) had normal Lymphocytes number while 49
(64.5%) had decreased number. Therefore, severe and moderate cases showed decreased Lymphocyte number. Most of
the cases showed normal platelet number; 142 (72.1%) of the total tested cases, 77 (68.8%) of the severe cases, 58
(76.3%) moderate cases and 5 (83.3%) mild cases respectively.

Ninety-three (47.2%) of the total tested cases showed normal number of WBC, 86 (43.7%) of them showed increased
WBC; 55 (49.1%) of the severe cases showed normal, 49 (43.8%) increased number, while 32 (42.1%) of moderate cases
showed normal, and 35 (46.1%) showed increased number of WBC. Most of the tested cases showed normal number of
RBC: 159 (80.7%) of the total tested, 94 (83.9%) of the severe, 56 (73.7%) of the moderate and 6 (100.0%) of the mild
cases respectively. Similarly, most of them showed normal Hct level: 123 (62.4%) of the total tested, 72 (64.3%) of the
severe, 41 (53.9%) of the moderate and 5 (83.3%) of the mild cases respectively.

Most of the AST tested cases showed increased level: 46 (75.4%) of the total 61 tested cases, 31 (79.5%) of severe
cases, 13 (65.0%) of the moderate cases and 2 (100.0%) of the mild cases. Similar increased finding was seen in ALT; 37
(61.7%) of the total, 26 (66.7%) of severe and 10 (52.6%) of the moderate cases respectively. Which is also similar for
ALP in which 26 (78.8%) of the total, 14 (70.0%) of the severe, 11 (91.7%) of the moderate and 1 (100.0%) of the mild
cases respectively showed increased level. All the direct bilirubin tested cases showed increased level; while most of the
total bilirubin tested cases also showed increased level: 7 (70.0%) of the total, 3 (75.0%) of the severe and 4 (66.7%) of
the moderate cases respectively.

Most of the total and severe cases showed normal level of creatinine (Cr) 58 (44.3%) and 44 (50.6%) respectively, while it
seems increased in moderate cases 18 (46.2%). Similarly, most of the cases showed normal level of blood urea nitrogen
(BUN): 94 (71.8%) of the total tested, 59 (67.8%) of the severe, 30 (76.9%) of the moderate and 4 (80.0%) of the mild cases
respectively. Thirteen (38.2%) of the sodium (Na) tested cases had below normal, 12 (35.3%) above normal and 12 (35.3%)
within normal range respectively, and in severe cases 10 (35.8%) below normal, and 9 (32.1%) above and 9 (32.1%) within
normal ranges respectively. Most of the cases showed normal potassium (K) level; 20 (60.6%) of the total tested, 17 (60.7%) of
the severe, 2 (50.0%) of the moderate and 1 (100.0%) of the mild cases respectively. 9 (28.1%) of the total chloride (Cl) tested
cases, 8 (29.6%) of severe cases and 1 (25.0%) of moderate cases showed increased level. 12 (37.5%) of the total tested cases,
9 (33.3%) of severe cases, 2 (50.0%) of the moderate cases and 1 (100.0%) of the mild cases showed normal level, while 11
(34.4%) of the total tested, 10 (37.0%) of the severe and 1 (25.0%) of the moderate cases showed decreased level. Most of the
total calcium (Ca) tested cases showed increased level 15 (78.9%) of the total tested, 13 (76.5%) of the severe and 2 (100.0%)
of the moderate cases respectively. Similarly, 6 (75.0%) of the total tested, 2 (66.7%) of the severe and 3 (75.0%) of the
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moderate cases showed increased level of high-density lipoprotein (HDL). 6 (75.0%) of the total tested, 2 (50.0%) of the
moderate cases showed increased level, and 2 (25.0%) of total tested, 3 (100.0%) of the severe and 2 (50.0%) of the moderate
cases showed normal level of low-density lipoprotein (LDL). 5 (62.5%) of the total tested, 2 (66.7%) of the severe and 2
(50.0%) of the moderate cases showed increased level of Triglycerides. Similarly, most of the total cholesterol tested cases
showed increased level, which means 6 (75.0%) of the total tested, 3 (100.0%) of the severe and 3 (75.0%) of the moderate

cases respectively (Table 3).

Table 3 Laboratory Findings of Admitted

December 2021

COVID-19 Cases to Dilla University Referral Hospital,

Laboratory Parameters | Normal Range | Total Sever Moderate Mild
n (%) n (%) n (%) n (%)

Neutrophils x10° /L >7.5 140 (71.1) 87 (77.7) 49 (64.5) 3 (50.0)
2.0-7.5 51 (25.9) 21 (18.8) 25 (32.9) 3 (50.0)
>2.0 6(3) 4 (3.6) 2 (2.6) 0 (0)

N 197 112 76 6

Lymphocytes x10° /L >4.8 3 (1.5 3(27) 0 (0) 0 (0)
1.0-4.8 60 (30.5) 27 (24.1) 27 (35.5) 3 (50.0)
<1.0 134 (68.0) 82 (73.2) 49 (64.5) 3 (50.0)

N 197 112 76 6

Platelets x10° /L >450 14 (7.1) 12 (10.7) I (1.3) 0 (0)
150-450 142 (72.1) 77 (68.8) 58 (76.3) 5(83.3)
<150 41 (20.8) 23 (20.5) 17 (22.4) I (16.7)

N 197 112 76 6

WBC x10° /L >11.0 86 (43.7) 49 (43.8) 35 (46.1) 2 (333)
4.5-11.0 93 (47.2) 55 (49.1) 32 (42.1) 2 (333)
<45 18 (9.1) 8 (7.1) 9 (11.8) 2 (333)

N 197 112 76 6

RBC x10'%/L >5.65 6(3) 6 (5.4) I (1.3) 0 (0)
3.92-5.65 159 (80.7) 94 (83.9) 56 (73.7) 6 (100.0)
<3.92 32 (16.2) 12 (10.7) 19 (25.0) 0 (0)

N 197 112 76 6

Hct % >48.6 14 (7.1) 8 (7.1) 6 (7.9) 0 (0)
35.5-48.6 123 (62.4) 72 (64.3) 41 (53.9) 5(83.3)
<35.5 60 (30.5) 32 (28.6) 29 (38.2) I (16.7)

N 197 112 76 6

AST U/L >48 46 (75.4) 31 (79.5) 13 (65.0) 2 (100.0)
8-48 15 (24.6) 8 (20.5) 7 (35.0) 0 (0)

N 6l 39 20 2

ALT U/L >55 37 (61.7) 26 (66.7) 10 (52.6) I (50.0)
7-55 23 (38.3) 13 (33.3) 9 (47.4) | (50.0)

N 60 39 19 2

ALP U/L >147 26 (78.8) 14 (70.0) I (91.7) | (100.0)
44-147 4 (12.1) 3 (15.0) I (83) 0 (0)
<44 309.0) 3 (15.0) 0 (0) 0 (0)

N 33 20 12 I

Bil.D mg/dL >0.3 10 (100) 4 (100.0) 6 (100.0) 0 (0)
0-0.3 0 (0) 0(0) 0 (0) 0 (0)

N 10 4 6 0

Bil. T mg/dL =12 7 (70.0) 3 (75.0) 4 (66.7) 0(0)
<l.2 3 (30) | (25.0) 2 (333) 0(0)

N 10 4 6 0

(Continued)
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Table 3 (Continued).

Laboratory Parameters | Normal Range | Total Sever Moderate Mild
n (%) n (%) n (%) n (%)

Cr mg/dL >1.3 57 (43.5) 39 (44.8) 18 (46.2) 0 (0)
0.7-1.3 58 (44.3) 44 (50.6) Il (28.2) 3 (60.0)
<0.7 16 (12.2) 4 (4.6) 10 (25.6) 2 (40.0)

N 131 87 39 5

BUN mg/dL >24 36 (27.5) 28 (32.2) 8 (20.5) | (20.0)
6-24 94 (71.8) 59 (67.8) 30 (76.9) 4 (80.0)
<6 1 (8) 0 (0) I (2.6) 0 (0)

N 131 87 39 5

Na mmol/L >145 12 (35.3) 9 (32.1) 3 (60.0) 0 (0)
135-145 9 (26.5) 9 (32.1) 0 (0) 0 (0)
<135 13 (38.2) 10 (35.8) 2 (40.0) | (100.0)

N 34 28 5 |

K mmol/L >5 4 (12.1) 2(7.1) 2 (50.0) 0 (0)
3.5-5 20 (60.6) 17 (60.7) 2 (50.0) 1 (100.0)
<35 9 (27.3) 9 (32.1) 0 (0) 0(0)

N 33 28 4 |

Cl mmol/L >108 9 (28.1) 8 (29.6) I (25.0) 0 (0)
98-108 12 (37.5) 9 (33.3) 2 (50.0) 1 (100.0)
<98 11 (34.4) 10 (37.0) 1 (25.0) 0 (0)

N 32 27 4 |

Total Ca mmol/L >2.9 15 (78.9) 13 (76.5) 2 (100.0) 0 (0)
2.2-29 4 (21.1) 4 (23.5) 0 (0) 0 (0)

N 19 17 2 0

HDL mg/dL 250 6 (75.0) 2 (66.7) 3 (75.0) 0 (0)
<50 2 (25.0) 1 (3.3) I (25.0) 0 (0)

N 8 3 4 0

LDL mg/dL 2100 6 (75.0) 0 (0) 2 (50.0) 0 (0)
<100 2 (25.0) 3 (100.0) 2 (50.0) 0 (0)

N 8 3 4 0

Triglycerides mg/dL 2150 5 (62.5) 2 (66.7) 2 (50.0) 0 (0)
<150 3 (37.5) 1 (333) 2 (50.0) 0 (0)

N 8 3 4 0

Total cholesterol mg/dL 2200 6 (75.0) 3 (100.0) 3 (75.0) 0 (0)
<200 2 (25.0) 0 (0) | (25.0) 0 (0)

N 8 3 4 0

Laboratory Findings in Different Disease Status
The mean laboratory finding was calculated for each test in different disease status and was stated as mean + standard
deviation (SD). Accordingly, the mean Neutrophil for severe cases was 9.556 + (8.622) x10° /L while it was 7.992 +
(5.499) x10° /L for moderate cases. So, there is no statistically significant mean Neutrophil difference between severe and
moderate cases, p= 0.1308. It was also 5.612 = (3.423) x10° /L for mild cases, and there was statistically significant mean
Neutrophil difference between severe and mild cases, p=0.04, however there was no mean Neutrophil difference in
moderate and mild cases, p= 0.16.

The mean Lymphocytes for severe cases was 2.333 + (8.755) x10° /L, and 1.370 + (0.7894) x10° /L for moderate
cases, while it was 1.415 % (0.7469) x10° /L for mild cases. There was no statistically significant mean Lymphocytes
difference between severe and moderate cases (p=0.25) and severe and mild cases (p=0.30), and moderate and mild cases

(p=0.89) (Figure 1).
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Figure | The mean number of Neutrophils and Lymphocytes of COVID-19 cases in severe, moderate and mild disease status. There was a significant mean number of
Neutrophils differences between severe and mild cases (p=0.04).

Abbreviations: Neut-Sev, neutrophils in severe cases; Neut-Mod, neutrophils in moderate cases; Neut-Mil, neutrophils in mild cases; Lym-Sev, lymphocytes in severe cases;
Lym-Mod, lymphocytes in moderate cases; Lym-Mil, lymphocytes in mild cases.

The mean number of WBCs for severe cases was 12.56 + (11.58) x10° /L, 10.14 + (5.664) x10° /L for moderate cases
and 7.875 £ (3.508) x10° /L for mild cases. There was a significant mean number of WBC difference between severe and
mild cases (p= 0.02), however, there was no significant mean number difference between severe and moderate (p= 0.06),
and moderate and mild cases (p= 0.19).

The mean number of RBCs was 4.735 + (0.8264) x10'%/L for severe, 4.379 + (0.8391) x10'?/L for moderate and
4.768 + (0.4005) x10"%/L for mild cases. Therefore, there was a significant mean RBC number difference between severe
and moderate cases (p=0.005); however, no significant differences between severe and mild (p=0.86), and moderate and
mild cases (p= 0.07).

The mean number of Platelets was 237.5 + (123.7) x10° /L for severe, 218.9 + (100.3) x10° /L for moderate, and
173.2 + (53.64) x10° /L for mild cases. There was a significant mean platelets number difference between severe and
mild cases (p= 0.03). However, there was no significant mean platelets number differences between severe and moderate
(p= 0.26), and moderate and mild cases (p= 0.10) (Figure 2).

WBCs, RBCs and platelets
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Figure 2 The mean number of WBCs, RBCs and platelets of COVID-19 cases in severe, moderate and mild disease status. There were a significant mean number of WBCs
differences between severe and mild cases (p=0.02), mean RBCs differences between severe and moderate cases (0.005), and mean platelets differences between severe and
mild cases (p=0.03).

Abbreviations: WBC-Sev, WBCs in severe cases; WBC-Mod, WBCs in moderate cases; WBC-Mil, WBCs in mild cases; RBC-Sev, RBCs in severe cases; RBC-Mod, RBCs
in moderate cases; RBC-Mil, RBCs in mild cases; Plat-Sev, platelets in severe cases; Plat-Mod, platelets in moderate cases; Plat-Mil, platelets in mild cases.
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The mean AST level in severe cases was 66.56 + (34.28) U/L, 65.58 + (55.22) U/L for moderate cases, 60.60 =+
(37.62) U/L for mild cases. It was 53.77 + (37.45) U/L for severe, 47.63 £ (44.17) U/L for moderate and 48.70 &+ (51.90)
U/L for mild cases for mean ALT level. The mean ALP concentration was 194.1 £ (146.6) U/L for severe, 276.4 +
(107.7) U/L for moderate cases. The mean direct bilirubin concentration for severe cases was 0.6525 + (0.2277) mg/dL,
1.045 £ (1.139) mg/dL for moderate cases. It was 2.210 £ (1.328) mg/dL for severe and 2.415 £ (2.596) mg/dL for
moderate cases for a total bilirubin level. There was no statistically significant mean AST concentration differences
between severe and moderate (p=0.94), severe and mild (P= 0.86), and moderate and mild cases (P= 0.89). Similarly,
there was no statistically significant mean ALT concentration difference between severe and moderate, severe and mild,
and moderate and mild cases (P= 0.61, P= 0.91, P= 0.98 respectively). There was also no statistically significant mean
ALP concentration difference between severe and moderate cases (P= 0.08). Similar non-significant values were seen in
direct bilirubin and total bilirubin concentration between severe and moderate cases (p=0.45, p=0.87) respectively.
However, there was a trend towards decrease in mean ALP level in severe cases (Figure 3).

The mean Cr concentration for severe cases was 1.351 = (1.135) mg/dL, 3.239 + (9.992) mg/dL for moderate and
0.7320 + (0.1126) mg/dL for mild cases. The mean concentration of BUN in severe cases was 54.66 + (61.82) mg/dL,
47.90 £ (53.96) mg/dL for moderate and 42.22 + (31.87) mg/dL for mild cases. There was statistically significant mean
Cr concentration difference between severe and mild cases (p=0.00). However, there was no statistically significant mean
Cr concentration difference between severe and moderate cases (p= 0.24); moderate and mild (P=0.12); severe and
moderate (P=0.54); severe and mild (p=0.46) and moderate and mild cases (P=0.74) for BUN concentration (Figure 4).

Mean concentration of Na for severe cases was 141.3 + (11.63) mmol/L, 155.4 &+ (22.55) mmol/L for moderate, and it
was 4.018 £ (0.8260) mmol/L for severe, 4.825 + (0.6752) mmol/L for moderate for K, 88.27 + (36.62) mmol/L for
severe, 100.6 £ (9.761) mmol/L for moderate cases for Cl, and 5.342 + (4.071) mmol/L for severe and 5.300 £ (1.697)
mmol/L moderate cases for total Ca. There was statistically significant mean Na concentration difference (p=0.04)
between severe and moderate cases; however, there was no significant mean concentration difference for K (p=0.07), for
Cl (p=0.17), for Ca (p=0.98) between severe and moderate cases (Figure 5).

The mean HDL concentration for severe cases was 39.33 + (7.638) mg/dL, 62.00 £ (28.97) mg/dL for moderate
cases, and 78.33 + (3.055) mg/dL for severe cases and 60.75 + (15.37) mg/dL for moderate cases for LDL, while it was
234.7 + (131.3) mg/dL for severe, and 242.3 £ (238.3) mg/dL for moderate cases for Triglycerides. It was 248.3 £
(48.42) mg/dL for severe and 191.5 £ (33.79) mg/dL for moderate cases for total cholesterol level. There was no
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Figure 3 The mean level of AST, ALT, ALP, direct bilirubin and total bilirubin of COVID-19 cases in severe, moderate and mild disease status.

Abbreviations: AST-Sev, AST in severe cases; AST-Mod, AST in moderate cases; AST-Mil, AST in mild cases; ALT-Sev, ALT in severe cases; ALT-Mod, ALT in moderate cases;
ALT-Mil, ALT in mild cases; ALP-Sev, ALP in severe cases; ALP-Mod, ALP in moderate cases; ALP-Mil, ALP in mild cases; Direct bil-Sev, direct bilirubin in severe cases; Direct
bil-Mod, direct bilirubin in moderate cases; Direct bil-Mil, direct bilirubin in mild cases; Total bilirubin-Sey, total bilirubin in severe cases; Total bilirubin-Mod, total bilirubin in
moderate cases; Total bilirubin-Mil, total bilirubin in mild cases.

4314 s Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Churiso et al

Renal function tests

150-
—% Hl Cr-Sev
E 1004 == Cr-Mil
[
.g BUN-Sev
-E 5o T == BUN-Mod
g p=0.00 BUN-Mil
c
3
T
00— T T

1

J"@\ \&obo‘s‘;\\‘\'%é obé'é‘\
(OIS NN
o 0\3 Q’o )

Figure 4 The mean level of Cr and BUN of COVID-19 cases in severe, moderate and mild disease status. There was a significant mean Cr concentration differences
between severe and mild cases (p=0.00).

Abbreviations: Cr-Sev, Cr in severe cases; Cr-Mod, Cr in moderate cases; Cr-Mil, Cr in mild cases; BUN-Sev, BUN in severe cases; BUN-Mod, BUN in moderate cases;
BUN-Mil, BUN in mild cases.
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Figure 5 The mean level of Na, K, Cl and Ca of COVID-19 cases in severe, moderate and mild disease status. There was a significant mean Na concentration differences
between severe and moderate cases (p=0.04).

Abbreviations: Na-Sev, Na in severe cases; Na-Mod, Na in moderate cases; K-Sey, K in severe cases; K-Mod, K in moderate cases; Ca-Sev, Ca in severe cases; Ca-Mod, Ca
in moderate cases.

statistically significant mean concentration difference in severe and moderate cases for HDL, LDL, triglycerides and total
cholesterol level (p=0.21, P=0.10, p=0.96, and p=0.17 respectively) (Figure 6).

Discussion

Most of the tested cases showed increased Neutrophil number, and the same result was also found in most of the severe and
moderate cases. However, most of the severe and moderate cases showed decreased Lymphocyte number. The number of
lymphocytes also decreased for total Lymphocyte tested COVID-19 cases, 68.0% (134/197) of the cases showed decreased
Lymphocytes. These findings are consistent with the study done in China that stated dramatically increased neutrophil counts
found in severe COVID-19 patients in comparison to the other groups. This may be due to high inflammation in severe
COVID-19 infected cases that increases an inflammatory cytokines and chemokine, and complement 5a (C5a) that attract and
enhance the number of Neutrophils in the lung as well as in the circulation. However, the lymphocyte counts persisted at lower
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Figure 6 The mean level of HDL, LDL, triglycerides and total cholesterol of COVID-19 cases in severe, moderate and mild disease status.
Abbreviations: HDL-Sev, HDL in severe cases; HDL-Mod, HDL in moderate cases; LDL-Sev, LDL in severe cases; LDL-Mod, LDL in moderate cases; Trigl-Sev, triglycerides
in severe cases; Trigl-Mod, triglycerides in moderate cases; Total chol-Sev, total cholesterol in severe cases; Total chol-Mod, total cholesterol in moderate cases.

values in severe COVID-19 patients,36 which may be due to the virally infected Lymphocytes are targeted by other immune
cells that directly kill the infected Lymphocytes hence decreasing the number in the circulation. It is also in line with the study
that showed 70.2% of the COVID-19 cases had low circulating lymphocyte count, of which 64.1% were severe cases,’’ which
is also in line with the studies that showed 63% (26/40) of the patients showed lymphopenia,*® patients with severe and fatal
disease had significantly decreased lymphocyte counts compared to non-severe disease.” Our study also showed that there
was no statistically significant mean Neutrophil difference between severe and moderate cases, p= 0.13, and there was
statistically significant mean Neutrophil difference between severe and mild cases, p=0.04, however there was no mean
Neutrophil difference in moderate and mild cases, p= 0.16. This may be due to the increasing number of Neutrophils in all
disease statuses which could possibly be higher in severe cases due to higher inflammation. It was in line with the study that
stated significantly higher neutrophil in severe COVID-19 compared to non-severe COVID-19.*’ There was no statistically
significant mean Lymphocytes difference between severe and moderate cases (p=0.25) and severe and mild cases (p=0.30),
and moderate and mild cases (p=0.89), which likely be due to a comparable decrease in the number of Lymphocytes in
different disease status.

Most of the severe, moderate and mild cases shown normal number of platelet count (within normal range). Which is
discordant with meta-analysis study findings that stated the association of thrombocytopenia with severe COVID-19 illness.*'
This may be due to the sample size and socio-demographic factors difference. However, we had found a significant mean
platelets number difference between severe and mild cases (p= 0.03). There was a slight increase in the platelet number in the
severe cases than the mild cases, which may be due to higher inflammation in severe cases than mild cases. However, there was
no significant mean platelets number differences between severe and moderate (p= 0.26), and moderate and mild cases (p=0.10).

Ninety-three (47.2%) of the total tested cases showed normal number of WBC, 86 (43.7%) of them showed increased
and 18 (9.1%) of them showed decreased number, and 55 (49.1%) of the severe cases showed normal, 49 (43.8%) increased
number and 8 (7.1%) decreased, while 32 (42.1%) of moderate cases showed normal, and 35 (46.1%) showed increased
number of WBC and 9 (11.8%) of them showed decreased number, while 2 (33.3%) of the mild cases showed normal,
increased and decreased number of WBCs; which was different from the study done in China that stated at the time of
admission, 23% patients presented a leukocyte count below the normal range, 12% with a leukocyte count above the normal
range,*” which may be due to the sample size and socio-demographic factors differences. So, in our study, the number of
WBCs in the total and severe cases was normal, while it seems increased in moderate cases for most of the patients; which
was different from the study stated patients with severe and fatal disease had significantly increased WBC count compared
to non-severe disease.’” There was a significant mean number of WBC difference between severe and mild cases (p=0.02),
however, there was no significant mean number difference between severe and moderate (p=0.058), and moderate and mild
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cases (p= 0.19). It was in line with the study that stated significantly higher leukocyte in severe COVID-19 as compared to
non-severe COVID-19 cases.*” This may be due to an increase in the number of Neutrophils in severe than mild cases, that
accounts 40—70% of total WBCs.

Most of the tested cases showed normal number of RBC: 80.7% of the total tested, 83.9% of severe, 73.7% of the
moderate and all the 6 mild cases respectively. Similarly, most of them showed normal Hct level: 62.4% of the total
tested, 64.3% of the severe, 53.9% of the moderate and 83.3% of the mild cases respectively. Therefore, the number of
RBCs and Hct in severe, moderate and mild cases seems normal for most of the cases. There was a significant mean RBC
number difference between severe and moderate cases (p=0.005); however, no significant differences between severe and
mild (p=0.86), and moderate and mild cases (p= 0.07). This was in line with the study in Bangladesh that showed no
significant difference in Hct and total RBC count was observed among severe, moderate and mild cases,” even though, it
was discordant in case of number of RBCs in severe and moderate cases in which we found significant difference.

All the direct bilirubin tested cases showed increased level, while most of the total bilirubin tested cases also showed
increased concentration: 70.0% of the total, 75.0% of the severe and 66.7% of the moderate cases respectively, which was in
line with meta-analysis study that stated the severity of COVID-19 increases with the level of total bilirubin increases,** which
is also in line with the study in United States of America that stated there was elevated level of bilirubin in COVID-19 infected
cases,> which may be due to liver dysfunction due to cytokines storm and inflammation. Non-significant differences were
seen in direct bilirubin and total bilirubin concentration between severe and moderate cases (p=0.44 and p=0.87 respectively).

Most of the AST tested cases showed increased level: 75.4% of the total 61 tested cases, 79.5% of severe cases, 65.0% of
the moderate cases and both of the mild cases. Similar increased finding was seen in ALT; 61.7% of the total, 66.7% of severe
and 52.6% of the moderate cases respectively, which is also similar for ALP in which 78.8% of the total, 70.0% of the severe,
91.7% of the moderate and the single tested mild cases respectively showed increased level. Therefore, most of the tested cases
shown increased level of AST, ALT and ALP which likely is due to inflammation of the liver as the liver is the site of some of
the inflammatory cytokines and other inflammatory mediators production. Our study is in line with the study in China that
stated a total of 27% patients exhibited varying degrees of liver dysfunction, with ALT or AST levels above the normal
range.*? Which is also in line with meta-analysis study that stated the liver dysfunction was found in a larger number of severe
patients as compared to the mild patients, and the severity of COVID-19 increases, the level of AST, ALT, and ALP increase.**
Which was also similar with study in Pakistan that showed AST and ALT were all significantly increased in severe COVID-19
cases.*® In our study we found no statistically significant mean AST concentration differences between severe and moderate
(p=0.94), severe and mild (P= 0.86), and moderate and mild cases (P= 0.89). Similarly, there was no statistically significant
mean ALT concentration difference between severe and moderate, severe and mild, and moderate and mild cases (P=0.61, P=
0.91, P=0.98 respectively). There was also no statistically significant mean ALP concentration difference between severe and
moderate cases (P= 0.08).

Most of the total and severe cases showed normal level of creatinine 58 (44.3%) and 44 (50.6%) respectively, while it
seems increased in 18 (46.2%) moderate cases. Similarly, most of the cases showed normal level of BUN: 94 (71.8%) of
the total tested, 59 (67.8%) of the severe, 30 (76.9%) of the moderate and 4 (80.0%) of the mild cases respectively. Our
study was different from the study in China that stated renal dysfunction occurred in 32 (7%) patients, who showed
elevated blood urea nitrogen or serum creatinine levels.*” Which was also true for other study in China that stated the
prevalence of elevated BUN and elevated serum creatinine at admission was 6.29% and 5.22%, respectively,”’ study in
Pakistan that showed creatinine was significantly increased in severe COVID-19 cases.*® However, our study was in line
with other study in China that showed serum creatinine was not abnormally elevated in all the patients, and BUN was
abnormally elevated in only few (25.0%) of the patients, and other study that showed the abnormally elevated rates of
serum creatinine and BUN are quite low.® Though it was different from the study that stated kidney function tests
findings were significantly elevated in patients with both severe and fatal COVID-19,>° we found a statistically
significant mean Cr concentration difference between severe and mild cases (p=0.00). However, there was no statistically
significant mean Cr concentration difference between severe and moderate cases (p= 0.24), moderate and mild (P=0.12);
severe and moderate (P=0.54), severe and mild (p=0.46) and moderate and mild cases (P=0.74) for BUN concentration.

Na level seems slightly decreased for the severe and total tested cases, while most of the cases showed normal
K level; 60.6% of the total tested, 60.7% of the severe, 50.0% of the moderate and a single mild cases respectively.
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Which was similar with the meta-analysis study findings that stated Na was significantly lower in patients with severe
COVID-19; different from the study in China that stated severe low K level were 18%, low K level were 37%, and
normal K level patients were 46% among COVID-19 cases,*® which may be due to the sample size difference. It was also
discordant with other study in which it stated K was significantly lower in COVID-19 patients with severe disease
status,* study in Italy that showed majority of patients (90.7%) experienced a mild decrease in serum K level.*® There
was statistically significant mean Na concentration difference (p=0.04) between severe and moderate cases, however,
there was no significant mean concentration difference for K (p=0.07) between severe and moderate cases.

There was no significant mean concentration difference for Cl between severe and moderate cases (p=0.17), which was
similar with the study that stated for Cl, no statistical differences were observed between patients with severe and non-severe
COVID-19.* However, most of the Ca tested cases shown increased level of the concentration. There was no significant mean
concentration difference for Ca (p=0.98) between severe and moderate cases, which was discordant with the study that stated
for calcium, a statistically significant lower concentration was noted in patients with severe COVID-19,* and study in China
stated both mild/moderate and severe critical cases showed low calcium level in the early stage of viral infection.”' This
difference may be due to the sample size and socio-demographic factors difference.

Most of the severe and moderate, and total cases shown increased level of HDL and total cholesterol level, while most
of the severe, and 50% of the moderate cases shown increased level of LDL and Triglycerides. These findings were
different from the study in Pakistan that stated all parameters decreased gradually with COVID-19 disease severity (LDL,
HDL, Triglycerides and total cholesterol),*® and meta-analysis findings that stated significantly decreased levels of total
cholesterol, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) in the severe
group when compared with the non-severe group,52 which may be due to the sample size and socio-demographic factors
difference. There was no statistically significant mean concentration difference between severe and moderate cases for
HDL, LDL, triglycerides and total cholesterol level (p=0.21, P=0.10, p=0.96 and p=0.17 respectively).

Limitation
Since our study was a retrospective study, we used secondary data, and low sample size, and we analyzed only baseline
data. So, further study should be done with full follow up data.

Conclusion

We found increased number of Neutrophils in most of the COVID-19 cases, and the same result was found in most of the
severe and moderate cases. There was statistically significant mean Neutrophil difference between severe and mild cases,
even though there was no statistically significant mean Neutrophil difference between severe and moderate cases. The
number of Lymphocytes was decreased in most of the severe and moderate cases, and there was no statistically
significant mean Lymphocytes difference between different disease statuses. The number of WBCs in the total and
severe cases was normal, and there was a significant mean number of WBC difference between severe and mild cases.
Biomarkers like AST, ALT, and ALP showed increased in severe cases, and most of the bilirubin tested cases showed
increased concentration. However, renal function tests were normal for all cases, and Na level seems slightly decreased
for the severe and total cases, while most of the cases showed normal K level. The level of Ca concentration was
increased in most of the cases though there was no significant mean concentration difference between severe and
moderate cases. In conclusion, increased number of neutrophils and level of liver function tests; and decreased number of
lymphocytes suggest higher inflammation and lymphopenia in severe cases. Therefore, patients with severe and critical
disease status require close follow up.
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