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Coronavirus disease 2019 (COVID-19) is a highly infectious disease caused by

severe acute respiratory syndrome coronavirus 2. Nasopharyngeal swabs (NP

swabs) were used for patients with COVID-19 who demonstrated serious clinical

symptoms and disturbances in biochemical parameters. The biochemical profiles

of these patients remain ambiguous and differ from wave to wave of COVID-19

infections. Herein, we conducted a multicenter retrospective cohort study with

538 patients with COVID-19 at six COVID-19 treatment centers in Ethiopia.

Professional data collectors collected the data. Descriptive statistics were used to

summarize the data, and independent t-tests and chi-square tests were used to

assess the relationships between the continuous and categorical variables across

waves, respectively. In total, 240 and 298 patients were included from the first

and second waves, respectively. Men and individuals aged 53–69 years were

more likely to be infected in each wave. The mean alkaline phosphatase (p <

0.001) and sodium levels (p = 0.035) significantly differed between patients

across the two waves of COVID-19; the significant difference in the alkaline

phosphatase levels of patients between the two waves was −45.425. All the

symptoms of COVID-19 were significantly (p < 0.05) associated with the waves of

the pandemic. Patients in both waves had no chronic disease comorbidities. This

study showed that the mean alkaline phosphatase and sodium levels differed

significantly across the first two waves of the pandemic at six COVID-19

treatment centers in Ethiopia while all clinical symptoms of COVID-19 were

associated with the first two waves of the pandemic.
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1 Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2), which causes coronavirus disease 2019 (COVID-19), is a

member of a large family of enveloped-positive single-stranded

RNA (ribonucleic acid) viruses of medical importance (1). The virus

particle exhibits a characteristic “corona” (crown) of spike proteins

around the lipid envelope, which is the basis of these viruses being

referred to as coronaviruses (2). Coronaviruses are a large family of

viruses that cause ailments ranging from asymptomatic illness to

illnesses with high morbidity and mortality, including Middle East

respiratory syndrome and severe acute respiratory syndrome (3).

The 2019 novel coronavirus produced a new illness that was first

recognized in human beings inWuhan, China in December 2019 and

swiftly spread to become a pandemic (4). The World Health

Organization (WHO) declared a public health emergency on 30

January 2020 (5). On 11March 2020, theWHO declared the disease a

pandemic (6). According to a worldwide report on 18 November

2021, the virus had spread to >222 countries and territories.

Altogether, 255,772,102 laboratory-confirmed infections and

5,139,858 confirmed deaths have been reported worldwide (5). In

2024, COVID-19 remains a monitored global health issue, though

prevalence rates and variant distributions vary by region. WHO

reports show that in recent months, global COVID-19 cases have

decreased in most areas, with slight increases in others, particularly in

countries in the Western Pacific and some parts of Africa (7).

The disease is highly infectious, and patients with COVID-19

demonstrate serious clinical symptoms, including increased body

temperature, dry cough, diarrhea, headaches, myalgia, fever, fatigue,

dyspnea, vomiting, anorexia, and multiple organ dysfunction (4, 8).

The clinical manifestations of COVID-19 vary from asymptomatic to

acute respiratory distress, depending on the viral route of entry, viral

load, host immunity, age, and comorbidities such as cardiovascular

disease, diabetes, chronic respiratory disease, and cancer (8). The

severe stage of the disease can be characterized by acute respiratory

distress syndrome, treatment-resistant septic shock, metabolic

acidosis, and bleeding and coagulation dysfunction (9, 10).

The current reporting on laboratory-confirmed COVID-19 cases

reports changes in the biochemical parameters of patients (i.e., levels

of ferritin, CRP, IL-6, LDH, AST, ALT, PT, D-dimer, procalcitonin,

PLT dimer, and APTT) (11). Therefore, these biochemical

parameters can be used as predictive markers. Many studies have

proven that comorbidities, age, and abnormalities together with

numerous scientific biomarkers may be essential for understanding

illness severity (12). Although the clinical characteristics of COVID-

19 have been widely reported, a summary of the changes in the

common biochemical variables observed in patients infected during

different waves of COVID-19 remains poorly investigated. Published
Abbreviations: ALT, alanine transaminase; APTT, activated partial

thromboplastin time; AST, aspartate transferase; Ca+, calcium; CI-, chlorine;

CRP, C-reactive protein; IL-6, interleukin-6; JUIRB, Jimma University

Institutional Review Board, JUMC, Jimma University Medical Center; LDH,

Lactate Dehydrogenase; PCR, Polymerase Chain Reaction; PLT, Platelet Count;

RDT, rapid diagnostic tests; RNA, Ribonucleic Acid; WHO, World Health

Organization; K+, potassium; Na+, sodium.
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laboratory findings of COVID-19 infections have been collected from

hospital-admitted patients at single time points, which limits our

understanding of the dynamic biochemical changes during the course

of the disease and how clinical symptoms and disease severity differ

across waves (13). Thus, the consistency and differences in the

biochemical parameters of patients with COVID-19 across waves

remain largely unknown. Therefore, this study assessed the

biochemical profiles of patients with COVID-19 during the first

and second waves of the pandemic in Ethiopia.

2 Methods

2.1 Study design, setting and population

A multicenter retrospective cohort study was conducted at six

COVID-19 treatment centers in Ethiopia [Jimma University

Medical Center (JUMC), St. Peter’s Specialized Hospital, EKA

Kotebe General Hospital, Bethzatha General Hospital, Hallelujah

General Hospital, and Bahir Dar University Tibebe Ghion

Specialized Hospital] to assess the biochemical profiles of patients

with COVID-19. A total of 538 study participants (COVID-19

PCR- and RDT-positive) were recruited from the selected COVID-

19 treatment centers in Ethiopia and the WHO Structured

Laboratory Testing and Reporting Checklist was used.
2.2 Data collection tool and procedure

Data were collected using a structured checklist. The checklist was

adapted from the WHO tool for data extraction and developed after

an extensive review of the literature and similar study tools (14, 15).

Professional and experienced data collectors and supervisors were

selected and trained by the principal and co-investigator for data

collection. They practiced using the data collection tool with the

principal investigator for 2 days before starting official data extraction.

Data were then gathered from both electronic and paper medical

records of suspected and confirmed COVID-19 cases. Information

collected included demographic details (age, sex, educational status,

ethnicity, nationality, and marital status), medical history

(comorbidities), clinical signs and symptoms, physical examination

results, COVID-19 status, and hospital stay details. Additionally,

laboratory data, patient demographic information, medical histories,

and biochemical profiles [direct bilirubin, urea, blood urea nitrogen,

total bilirubin, blood glucose, cholesterol, low-density lipoprotein

(LDL), Serum Glutamate Pyruvate Transaminase / Alanine

Aminotransferase (measured in units per liter) (SGPT/ALT U/L),

Serum Glutamate Oxaloacetate Transaminase / Aspartate

Aminotransferase (measured in units per liter) (SGOT/AST U/L),

gamma-glutamic, transpeptidase, alkaline phosphatase, sodium

(NA+), potassium (K+), chloride (Cl-), phosphorus, magnesium,

triglycerides, high-density lipoprotein (HDL), and calcium (Ca+)]

were extracted from these records.

2.2.1 Data quality control and statistical analysis
The selected data collectors were trained to collect data from

medical records. Facilitators and supervisors were assigned to control
frontiersin.org
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and guide data collection, thereby increasing consistency in data

collection. Collected data were checked for completeness and

consistency before entry and double data entry into EpiData 4.6.

Double data entry is a data management method used to improve

data accuracy and reduce entry errors. In this process, two independent

data entry operators enter the same dataset separately, creating two

versions. These entries are then compared, and any discrepancies

between the two are reviewed and resolved. After checking the data,

it was exported to SPSS version 25. Descriptive statistics were used to

determine frequencies with percentages and means. Graphs, charts,

and tables were used to summarize the data. Independent t-tests were

used to compare the mean biochemical and hematological profiles of

the patients with COVID-19, and chi-square tests were conducted to

identify associations between categorical variables across the waves.
2.3 Ethical considerations

Ethical clearance and approval for this research were obtained from

the Institutional Review Board of JimmaUniversity (Ref. No. JUIRB43/

22). The directors of the selected COVID-19 treatment centers were

contacted via a formal letter by the director’s office of the Institute of

Health, Research, and Innovation at Jimma University. Supporting

letters were secured from each treatment center. All participants were

informed of the objectives of the study, and written informed consent

was obtained before starting data collection.
3 Results

3.1 Sociodemographic characteristics
of participants

A total of 538 patients with COVID-19 were included in the

analysis: 240 (44.6%) from the first wave and 298 (55.4%) from the

second wave. The mean age in the first wave was 56 ± 2 years, and

ranged from 1 to 97; the mean age in the second wave was 56 ± 1

years, and ranged from 16 to 95. An unequal sex distribution was

observed in both sets of patients; furthermore, the education and

marital status significantly differed between both waves (p < 0.05).

Increased age was evident during the first wave but not during the

second wave. During the first wave of COVID-19, of the 240

patients, 93 (38.75%) had hypertension, 83 (34.58%) had diabetes

mellitus, 44 (18.33%) had chronic liver disease, and 31 (12.92%) had

a history of ischemic heart disease. During the second COVID-19

wave, of the 298 patients, 116 (38.93%) had hypertension, 98

(32.89%) had diabetes mellitus, and 37 (12.41%) had a medical

history of ischemic heart disease (Table 1).
3.2 The clinical stage of patients with
COVID-19 across waves

The distribution of patients in different WHO clinical stages

(16) and across the first and second waves of COVID-19 in Ethiopia
Frontiers in Immunology 03
TABLE 1 The distribution and association socio-demographic
characteristics and medical history of COVID-19 patients across Waves
in Ethiopia.

Variables Waves

Wave 1
(N=240) N (%)

Wave 2
(N=298) N (%)

Gender Male
Female

162(67.5%)
78(32.5%)

183(61.4%)
115(38.6%)

Age <18
19–35
36–52
53–69
≥70
missing

5(2.08%)
19(7.91%)
67(27.91%)
86(35.83%)
60(25.0%)
3(1.25%)

1(0.34%)
32(10.74%)
84(28.19%)
109(36.58%)
71(23.83%)
1(0.34%)

Educational
status

Illiterate
Literate
Missing

26(10.83%)
29(12.083%)
175(72.92%)

43(14.43%)
87(29.2%)
82(27.52%)

Marital status Married
Unmarried
Missing

67(27.92%)
5(6.9%)
158(65.83%)

125(41.95%)
5(3.8%)
82(27.52%)

Chronic
lung disease

yes
no
unknown

7(2.91%)
221(92.08%)
12(5%)

9(3.02%)
272(91.28%)
17(5.70%)

WHO
clinical stage

Moderate
Severe
critical

72(30.10%)
132(55.20%)
35(14.60%)

81(27.20%)
173(58.00%)
44(14.80%)

AIDS/
HIV-positive

yes
no
unknown

10(4.17%)
215(89.6%0
15(6.25%)

7(2.35%)
276(92.62%)
15(5.03%)

Hematologic
malignancy

yes
no
unknown

4(1.70%)
226(94.20%)
10(4.2%)

9(3.02%)
270(90.60%)
19(6.4%)

Chronic
liver disease

yes
no
unknown

4(1.7%)
227(94.6%)
9(3.8%)

3 (1.0%)
276(92.6%)
19(6.4%)

Deep
venous
thrombosis

yes
no
unknown

5(2.08%)
231(96.25%)
4(1.67%)

4(1.34%)
275(92.28%)
19(6.34%)

Hypertension yes
no
unknown

93(38.75%)
145(60.42%)
2(0.83%)

116(38.93%)
176(59.06%)
6(2.01%)

Ischemic
heart disease

yes
no
unknown

31(12.92%)
198(82.5%)
11(4.6%)

37(12.41%)
244(81.88%)
17(5.05%)

Diabetes
Mellitus

yes
no
unknown

83(34.58%)
156(65%)
1(0.42%)

98(32.89%)
192(64.43%)
8(2.69%)

Asthma yes
no
unknown

15(6.25%)
221(92.08%)
4(1.67%)

22(7.38%)
261(87.6%)
15(5.03%)

Viral hepatitis yes
no
unknown

1(0.42%)
227(94.6%)
12(5.0%)

3(1.0%)
277(92.95%)
18(6.04%)

Neurological
disorder

yes
no
Unknown

10(4.17%)
224(93.33%)
6(2.5%)

6(2.01%)
266(89.26%)
26(8.72%)1
1Milligram/.
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indicated that of 240 patients, 72 (30.10%) were in the moderate

clinical stage, 132 (55.2%) were in the severe clinical stage, and 35

(14.6%) were in the critical stage during the first wave. Of the 298

patients in the second wave, 82 (27.2%) were in the moderate

clinical stage, 173 (58.00%) were in the severe clinical stage, and the

remaining 44 (4.8%) were in the critical stage (Figure 1). The

biochemical parameters of the patients with COVID-19 in the

selected COVID-19 treatment centers were analyzed. The

biochemical parameter recorded in the highest number of

patients was Na+ in the second wave, whereas the biochemical

parameter recorded in the lowest number of patients was the Cl-

level in the first wave. The Ca+ levels in the second wave were below

the normal range. The K+ and Na+ levels in most patients during the

second wave were within the normal range. In the first and second

waves of COVID-19, 110 (69.6%) and 100 (72.5%) of the patients

had direct bilirubin levels that were within the normal range, 9

(5.7%) and 9 (6.5%) were below the normal range, and 39 (24.7%)

and 29 (21.0%) were above the normal range, respectively. The

overall distributions of the biochemical parameters across the first

two waves are shown in Table 2, Figure 2.
3.3 The clinical symptoms of patients with
COVID-19 across waves

The most relevant clinical symptoms recorded during the first

wave were dry cough (166; 69.2%), fatigue (153; 63.75%),

shortness of breath (148; 61.67%), and fever (116; 48.33%).

During the second wave, fatigue (244; 81.88%), dry cough (242;

81.2%), shortness of breath (204; 68.47%), and fever (180; 60.40%)

were the most prevalent symptoms of COVID-19 infection in

Ethiopia. A chi-square association test was conducted to identify

whether the occurrence of COVID-19 symptoms and pandemic

waves were associated. This revealed a significant association

between the pandemic waves and headache, myalgia, chest pain,
Frontiers in Immunology 04
dry cough, fatigue, fever, joint pain, enlarged glands, rash,

shortness of breath, dark or bloody urine, yellow skin/eyes, stiff

neck, difficulty in swallowing, wheezing, diarrhea, and chills/

rigors (Table 3).
3.4 Comparison of the biochemical profiles
of patients with COVID-19 by independent
t-test across waves in Ethiopia

The biochemical profiles of patients who were infected during

the first and second waves of COVID-19 in Ethiopia were compared

using an independent t-test to evaluate whether the mean

biochemical profiles significantly differed across pandemic waves

in Ethiopia. Accordingly, the mean alkaline phosphatase and

sodium levels were identified as being significantly different

between the first two waves of COVID-19. However, the other

biochemical parameters did not significantly differ between the first

two waves of the pandemic (Table 4).
4 Discussion

COVID-19 is an ongoing pandemic that continues to spread.

According to WHO reports, more than 583 million cases have been

confirmed globally while 6.44 million people have died as of 2

August 2022 (17). The WHO 2024 updates on COVID-19 have

highlighted evolving trends and shifts in case numbers, as well as

the development of variants globally. In early 2024, cases increased

by 4% in January, showing sustained transmission in some areas

despite a decline in deaths (7). After the initial spread of COVID-19

in China, it is evident that, together with age and other risk factors

such as comorbidities, alterations in different biochemical

biomarkers can be useful for assessing disease severity and the

risk of evolution toward critical stages (17).
FIGURE 1

Clinical stages of COVID-19 diseases across the two waves.
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TABLE 2 The overall biochemical profiles of COVID-19 patients across in Ethiopia.

Normal
range

Wave

Wave-1(N=240) Wave- 2(N=298)

Count (%) Count (%)

Direct Bilirubin mg/dl 0.1–0.3 Bellow the normal range 9(5.7%) 9(6.5%)

In the normal range 110(69.6%) 100(72.5%)

Above the normal range 39(24.7%) 29(21.0%)

Urea, mg/dL 3.4–20.5 Bellow the normal range 12(7.7%) 15(7.7%)

In the normal range 107(68.6%) 119(61.3%)

Above the normal range 37(23.7%) 60(30.9%)

Blood Urea Nitrogen (BUN) mg/dL 15 – 45 Bellow the normal range 3(4.2%) 4(6.5%)

In the normal range 29(40.3%) 34(54.8%)

Above the normal range 40(55.6%) 24(38.7%)

Total Bilirubin mg/dl 6-24 Bellow the normal range 138(98.6%) 134(97.1%)

In the normal range 2(1.4%) 3(2.2%)

Above the normal range No individuals 1(0.7%)

Blood Glucose mg/dL 50–80 Bellow the normal range 2(1.9%) 1(0.5%)

In the normal range 2(1.9%) 4(2.0%)

Above the normal range 101(96.2%) 200(97.6%)

Cholesterol mg/dL 100-129 Bellow the normal range 9(14.3%) 11(16.4%)

In the normal range 14(22.2%) 17(25.4%)

Above the normal range 40(63.5%) 39(58.2%)

LDL, mg/dL < 150 In the normal range 28(73.7%) 51(86.4%)

Above the normal range 10(26.3%) 8(13.6%)

SGPT/ALT U/L < 60 In the normal range 1(0.4%) No individuals

Above the normal range 225(99.6%) 225(100%)

SGOT/AST U/L 109–245 Bellow the normal range No individuals No individuals

In the normal range 121(54.8%) 118(51.3%)

Above the normal range 100(45.2%) 112(48.7%)

Gamma-glutamyl transpeptidase (GGT)
U/L

5–35 Bellow the normal range No individuals 1(16.7%)

In the normal range 11(29.7%) 1(16.7%)

Above the normal range 26(70.3%) 4(66.7%)

Alkaline phosphatase (ALP) U/L 8-40 Bellow the normal range 6(3.1%) 12(7.3%)

In the normal range 97(50.0%) 116(70.3%)

Above the normal range 91(46.9%) 37(22.4%)

Sodium (Na) mmol/L 9-48 Bellow the normal range 38(19.0%) 72(30.3%)

In the normal range 127(63.5%) 141(59.2%)

Above the normal range 35(17.5%) 25(10.5%)

Potassium (K) mmol/L 44-147 Bellow the normal range 27(13.5%) 42(17.6%)

In the normal range 92(46.0%) 141(59.2%)

Above the normal range 81(40.5%) 55(23.1%)

(Continued)
F
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On 11 March 2022, the first case of COVID-19 was confirmed

in Ethiopia. Several studies have shown that age, comorbidities, and

abnormalities in various clinical biomarkers are essential for

understanding disease severity (18, 19). SARS-CoV-2 infects

people of all age groups; however, individuals aged >60 years,

along with those with comorbidities such as diabetes, chronic

respiratory disease, and cardiovascular diseases, are at a higher
Frontiers in Immunology 06
risk of developing the infection (19). Biochemical monitoring of

patients with COVID-19 is critical for assessing disease severity and

progression, as well as for monitoring therapeutic intervention (20).

An overview of the changes in the most common biochemical

parameters observed in patients with COVID-19 across waves and

multicenter studies is still lacking. Therefore, the present study

presents the changes in biochemical profiles, medical histories, and
TABLE 2 Continued

Normal
range

Wave

Wave-1(N=240) Wave- 2(N=298)

Count (%) Count (%)

Chloride (Cl) mmol/L 135-145 Bellow the normal range 22(12.6%) 28(12.1%)

In the normal range 82(46.9%) 122(52.6%)

Above the normal range 71(40.6%) 82(35.3%)

Phosphorus(P), mg/dL 3.5-4.5 Bellow the normal range 5(23.8%) 16(19.0%)

In the normal range 14(66.7%) 59(70.2%)

Above the normal range 2(9.5%) 9(10.7%)

Magnesium (Mg) mg/dL 95-105 Bellow the normal range 16(20.5%) 2(2.9%)

In the normal range 36(46.2%) 44(63.8%)

Above the normal range 26(33.3%) 23(33.3%)

Triglycerides mg/dL 2.5-4.8 Bellow the normal range 32(51.6%) 40(60.6%)

In the normal range No individuals No individuals

Above the normal range 30(48.4%) 26(39.4%)

HDL mg/dL 1.6-2.2 Bellow the normal range 39(92.9%) 54(91.5%)

In the normal range No individuals No individuals

Above the normal range 3(7.1%) 5(8.5%)

Calcium mg/dL 8.5-10.2 Bellow the normal range 105(68.6%) 146(72.6%)

In the normal range 41(26.8%) 52(25.9%)

Above the normal range 7(4.6%) 3(1.5%)
FIGURE 2

Distribution of some selected biochemical parameters across the two COVID-19 waves in Ethopia.
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TABLE 3 The prevalence of COVID-19 symptoms among COVID-19 patients across waves in Ethiopia.

Symptoms/signs Categories Waves P-value

wave 1 (n=240) wave 2(n=298)

Headache Yes 77(32.08%) 115(38.6%) <0.0001

No 148(61.67%) 121(40.60%)

Unknown 15(6.25%) 62(20.8%)

Myalgia Yes 68(28.33%) 84(28.19%) <0.0001

No 145(60.42%) 123(41.27%)

unknown 27(11.25%) 91(41.28%)

Chest pain Yes 59(24.6%) 105(35.23%) <0.0001

No 172(71.67%) 156(52.35%)

unknown 9(3.75%) 37(12.2%)

Dry cough Yes 166(69.2%) 242(81.2%) 0.003

No 72(30%) 52(17.45%)

unknown 2(0.83%) 4(1.34%)

Fatigue Yes 153(63.75%) 244(81.88%) <0.0001

No 76(31.67%) 36(12.08%)

unknown 11(4.6%) 18(6.04%)

Fever Yes 116(48.33%) 180(60.40%) <0.0001

No 120(50%) 100(33.56%)

unknown 4(1.67%) 18(6.04%)

Joint pain Yes 28(11.67%) 62(20.80%) <0.0001

No 193(80.42%) 191(64.09%)

unknown 19(7.92%) 45(15.0%)

Enlarged glands Yes 2(0.83%) 2(0.67%) <0.0001

No 216(90.0%) 221(74.16%)

unknown 22(9.17%) 75(25.17%)

Rash Yes 5(2.08%) 3(1.0%) <0.0001

No 225(93.75%) 228(76.51%)

unknown 10(4.17%) 67(23.48%)

Shortness of breath Yes 148(61.67%) 204(68.47% <0.0001

No 86(35.83%) 63(21.14%)

unknown 6(2.5%) 31(10.40%)

Dark or bloody urine Yes 5(2.08%) 8(2.68%) <0.0001

No 216(90.0%) 226(75.84%)

unknown 19(7.92%) 64(21.48%)

Yellow skin/eyes Yes 2(0.83%) 1(0.34%) <0.0001

No 225(93.75%) 226(75.84%)

unknown 13(5.42%) 71(23.83%)

Stiff neck Yes 2(0.83%) 2(0.67%) <0.0001

No 224(93.33%) 203(68.12%)

(Continued)
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TABLE 3 Continued

Symptoms/signs Categories Waves P-value

wave 1 (n=240) wave 2(n=298)

unknown 14(5.83%) 93(31.21%)

Difficulty swallowing Yes 4(1.67%) 8(2.68%) <0.0001

No 216(90%) 195(65.44%)

unknown 20(8.33%) 95(31.88%)

Wheezing Yes 15(6.25%) 15(5.03%) <0.0001

No 212(88.33%) 204(68.46%)

unknown 13(5.42%) 79(26.51%)

Diarrhea Yes 12(5.0%) 22(7.38%) <0.0001

No 218(90.83%) 217(72.82%)

unknown 10(4.17%) 59(19.8%)

Chills/rigors Yes 36(15.0%) 35(11.74%) <0.0001

No 185(77.08%) 191(64.09%)

unknown 19(7.92%) 72(24.16%)

Any other
significant symptoms?

Yes 36(15%) 81(27.18%) <0.0001

No 196(81.67%) 190(3.76%)

unknown 8(3.33%) 27(9.06%0
F
rontiers in Immunology
 08
TABLE 4 Comparison of the biochemical profiles of COVID-19 patients by independent t-test across waves in Ethiopia.

Biochemical Profiles Waves N Mean P-value

Direct Bilirubin mmol/L wave 1 158 0.3035 0.590

wave 2 138 0.3448

Total Bilirubin mmol/L wave 1 140 0.7223 0.165

wave 2 138 1.0189

Urea, mg/dL wave 1 156 41.3473 0.523

wave 2 195 44.0871

Blood Urea Nitrogen (BUN)
mg/dL

wave 1 72 35.1808 0.166

wave 2 62 28.1548

Random Blood Glucose mg/dL wave 1 105 188.8103 0.945

wave 2 205 188.0771

Cholesterol/dL wave 1 63 162.7921 0.097

wave 2 68 138.8969

Triglyceride, mg/dL wave 1 62 171.3339 0.511

wave 2 66 159.8424

HDL, mg/dL wave 1 42 36.9238 0.595

wave 2 59 38.5339

LDL, mg/dL wave 1 38 87.5500 0.941

wave 2 59 88.5983

(Continued)
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symptoms of patients with COVID-19. In this report, a total of 240

and 298 patients with COVID-19 were studied during the first and

second waves in Ethiopia, respectively.

This study found an association between the mean alkaline

phosphatase levels of patients across the two waves of COVID-19

and the mean difference was -45.4. It shows that average alkaline

phosphatase levels of patients decreased in the second wave. The

other biochemical parameter of patients with COVID-19 where

themean value significantly differed across the first two waves was

the level of sodium. The mean significant difference in the sodium

level was −1.883, indicating that the mean sodium level of patients

with COVID had decreased in the second wave compared with

that in the first wave. This might be due to the changing nature of

the virus, population health, and healthcare factors. Several

common biochemical parameters have been implicated in the

progression of COVID-19, providing important prognostic

information (20).

However, the other biochemical parameters of the patients did

not significantly differ between the first two COVID waves. Thus,

the mean biochemical profiles of patients in the first wave were

similar to those of the patients in the second wave.

Chi-square analysis demonstrated that COVID-19 symptoms

differed significantly across the waves of the pandemic in Ethiopia.

This finding was consistent with that of Suleyman et al. (21).
Frontiers in Immunology 09
4 Conclusion

This study found that >90% of patients in both the first and

second waves of COVID-19 in Ethiopia were not comorbid with

chronic lung disease. The mean alkaline phosphatase and sodium

levels of the patients significantly differed across the first two waves

of the pandemic. Headache, myalgia, chest pain, dry cough, fatigue,

fever, joint pain, enlarged glands, rash, shortness of breath, dark or

bloody urine, yellow skin/eyes, stiff neck, difficulty in swallowing,

wheezing, diarrhea, and chills or rigors were the most common

symptoms of COVID-19 in Ethiopia during the first and second

waves of the pandemic.
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TABLE 4 Continued

Biochemical Profiles Waves N Mean P-value

SGPT/ALT U/L wave 1 226 52.4739 0.600

wave 2 225 48.7258

SGOT/AST U/L wave 1 221 48.0043 0.322

wave 2 230 54.1909

Gamma-glutamyl
transpeptidase (GGT) U/L

wave 1 37 103.4351 0.873

wave 2 6 95.3333

Alkaline phosphatase (ALP)
U/L

wave 1 194 156.6835 0.000

wave 2 165 111.2584

Sodium (Na) mmol/L wave 1 200 139.2417 0.035

wave 2 238 137.3588

Potassium (K) mmol/L wave 1 200 4.7361 0.260

wave 2 238 4.3682

Chloride (Cl) mmol/L wave 1 175 102.1099 0.925

wave 2 232 102.2185

Phosphors(P) mg/dL wave 1 21 7.7667 0.697

wave 2 84 5.8019

Magnesium (Mg) mg/dL wave 1 78 2.0059 0.129

wave 2 69 2.1425

Calcium mg/dL wave 1 153 6.2362 0.720

wave 2 201 5.8431
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