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Background: Viral respiratory pathogens have become the leading cause 
of acute undifferentiated febrile illness (AFI). We  determined the fraction 
of AFI attributable to influenza and SARS-CoV-2  in Ethiopia, along with an 
understanding of their epidemiological characteristics.

Methods: From February 2021 to June 2022, we enrolled patients meeting an 
AFI case definition (age >5 years with fever ≥38°C) who presented at one of 
four selected sentinel hospital sites in Jimma, Harari, Addis Ababa, and Gonder. 
Clinical and epidemiological information was collected, Nasopharyngeal swab 
samples were collected and analyzed using real-time PCR for respiratory 
viruses (influenza and SARS-CoV-2). A quasi-binomial regression model and 
multivariable regression were performed to compute fractions and establish 
associations with the agent detected.

Result: A total of 737 AFI cases were enrolled. The overall proportion of SARS-
CoV-2, influenza A, and influenza B among AFI patients were 7.8, 1.9, and 0.5 
per 100,000 population, respectively. Among the enrolled AFI cases tested for 
SARS-CoV-2 and Influenza virus, SARS-CoV-2 was the most detected pathogen 
with a positivity rate of 13.7% (95% CI:11.3–16.4), followed by influenza A and 
influenza B, which have a positivity rate of 3.3% (95% CI: 2.2–5.1) and 0.8% (95% 
CI:0.3–1.8), respectively. The positivity rate of SARS-CoV-2 peaked at 37.4% in 
September 2021. Per the multivariable analysis, cases ≥65 years of age were 
three [AOR = 3.3,95% CI:(1.9–5.7)] times more likely to be  positive for SARS-
CoV-2.

Conclusion: SARS-CoV-2 and influenza viruses were highly prevalent among AFI 
cases. The proportion of SARS-CoV-2 was higher among older adults. Further 
study is recommended to characterize influenza subtypes, SARS-CoV-2 variants 
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and determine their attributable fraction among a broader panel of AFI-causing 
pathogens that contributes for guiding the proper diagnostics, treatment and 
surveillance measures.
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Introduction

Acute febrile illness (AFI) is one of the major reasons for 
outpatient visits and hospital admission among both children and 
adults (1, 2). AFI is typically characterized by fever without localizing 
manifestations, making it very challenging to confirm a diagnosis 
solely based on clinical history and physical examination (3). Beyond 
malaria, laboratory confirmation of other potential causes of AFI is 
expensive and complex, with unsatisfactory sensitivity and specificity 
(4, 5). To make things worse, resource-constrained settings have 
inadequate laboratory capacity to confirm suspected AFI cases hence 
practitioners utilize empirical management of cases (6). This approach 
has a far-reaching impact in exacerbating the risk of anti-microbial 
resistance (7).

The presence of considerable gaps in case definition, comparability 
of diagnostic assays, and control group to calculate attributable 
fractions were the major identified bottlenecks that hamper having a 
comparable estimate of the burden of AFI globally (8–10). Despite a 
significant reduction in the last two decades, malaria remains a 
common primary diagnosis in both malaria-endemic and 
non-endemic regions due to limited laboratory capacity to detect 
other AFI causing agents, and a lack of recognition of emerging and 
re-emerging etiologies as a potential differential diagnosis in 
consideration of local context (11–13). Among those emerging and 
re-emerging etiologies, viral respiratory tract infections are becoming 
the top cause of AFI (14).

Among viral respiratory infections, influenza A and B viruses are 
the most burdensome human respiratory pathogens (15). Depending 
on the circulating strain, annual seasonal influenza epidemics result 
in 290,000–650,000 deaths worldwide and affect up to 20% of the 
population (16). In 2020, a novel and virulent form of coronavirus 
emerged and was officially named by the World Health Organization 
(WHO) as SARS-CoV-2 (17). Due to the unprecedented speed of 
expansion that overwhelmed local capacity, WHO declared 
COVID-19 a global pandemic (18). As of 8th September 2024, over 
776. 2 million confirmed cases and over 7 million deaths have been 
reported globally (19). Worldwide, the presence of a notable gap in 
case-counting makes it difficult to make a comparison across countries 
(20). The surveillance systems in most African countries have gaps in 
diagnostic capacity, shortage of staffing, and poor data handling (21, 
22). Ethiopia established an influenza sentinel surveillance system in 
2008 to address these gaps and optimize pandemic preparedness 
efforts (23).

In Ethiopia, the positivity rate of influenza among suspected 
Influenza-like Illness (ILI) cases is estimated at up to 20% with a 
predominance of Influenza A subtype along with marked seasonal 
variation (24, 25). On the other hand, the national positivity rate of 
SARS-CoV-2 ranges from 6 to 9%, with significant variation by age, 
sex, residence, medical condition, and background prevalence (26–
29). Nevertheless, the presence of the COVID-19 pandemic in Africa 

severely compromised the existing surveillance system (30). The 
Ethiopian routine disease surveillance system was not capable of 
capturing COVID-19 cases due to gaps in the community and event-
based surveillance (31). This study aims to determine the fraction of 
those selected respiratory pathogens among suspected AFI cases and, 
in addition, the study’s objective was to understand their clinical and 
epidemiological characteristics during the time of the COVID-19 
pandemic. This study is expected to provide a clearer picture on the 
proportion of respiratory pathogens as a cause of febrile illness in the 
study sites.

The finding of this study contributes for a more precise mapping 
of viral respiratory infections with acute fever, which will be used to 
develop evidence-based algorithms for the management of febrile 
illnesses associated with influenza and SARS-CoV-2, and to inform 
rational surveillance efforts in the future. It also provides information 
to policy makers and health care workers to consider proper diagnostic 
approaches and treatment measures (like influenza and SARS-CoV-2 
vaccination) for the public at large in the future.

Materials and methods

Setting and study period

The study was conducted in four referral hospitals (sentinel sites) 
in Ethiopia: namely, Jimma University Hospital (JUH, Jimma), 
Gonder University Hospital (GUH, Gonder), Hiwot-Fana 
comprehensive specialized Hospital (HFH, Harar), and St. Paul’s 
Millenium Medical College Hospital (SPH, Addis Ababa). The 
selected health facilities are estimated to serve more than 8 million 
people. The sites were selected using an assessment checklist with 
predefined criteria, including geographic location, patient volume, the 
capacity of the laboratory to properly collect, handle, store, and 
transport specimens to the testing laboratory at Ethiopian Public 
Health Institute, availability of sentinel surveillance system, and 
willingness of the hospitals to collaborate in the implementation of 
project activities. The study was conducted from February 2021 to 
June 2022.

AFI case enrollment

Inpatients and outpatients of any sex aged 5 years and above 
presenting at the selected facilities, and who met the case definition 
criteria for AFI, were eligible for enrollment in this study. The 
inclusion and exclusion criteria for the enrolled AFI cases were applied 
where the Inclusion criteria were patients aged ≥5 years old, measured 
axillary temperature ≥ 380c and experienced acute fever for 2–14 days. 
The exclusion criteria were subjects who do not consent to participate, 
subjects with localizing symptoms or identifiable focus of infection, 
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subjects with chef complaint are injury or trauma; and obstetric 
related cases and surgical related underlying problems.

The sample size was calculated using a threshold approach 
(n = Z2*P*(1-P)/D2), with 95% CI, 0.05 precision value, and 20% 
expected prevalence (25), and the initial sample size was 480. To 
ensure representativeness and account for the effect of patient 
flow through the facilities, the sample size was doubled for each 
site, and cases were selected using a systematic sampling scheme 
where every nth case of AFI was enrolled. The nth value for each 
site was determined as the number of AFI cases seen by the facility 
divided by the maximum number of specimens that can 
be processed by the laboratory in a week. Samples from suspected 
AFI cases with inadequate specimens and incomplete data 
were excluded.

Clinical and demographic data collection 
and testing procedures

Trained data collectors were assigned to each sentinel site. They 
collected demographic, clinical (e.g., symptoms, signs, treatment 
before enrollment), and epidemiological (e.g., exposures, travel 
history, significant medical/social history) information from 
eligible and enrolled cases by interviewing the patients and 
guardians. Clinical, epidemiologic, and laboratory data were 
entered electronically onto tablets using an Open Data Kit (ODK) 
platform. Both electronic and paper-based data collection 
mechanisms were used at each study site to make one method a 
backup for the other.

Nasopharyngeal swabs were collected from enrolled cases 
using a sterile COPAN brand universal transport medium 
containing 1–3 mL Viral Transport Media. The collected sample 
was vortexed and aliquoted in two cryovials for molecular testing 
at the National Influenza Center (NIC), Ethiopian Public Health 
Institute (EPHI). A specimen requisition form was filled out with 
basic demographic information, and the collected specimens were 
triple packaged and sent weekly with completed forms. Study sites 
were equipped with freezers or refrigerators throughout the study 
to temporarily store samples at 4°C until transported by trained 
postal service officers to the NIC at EPHI. EPHI’s NIC (laboratory) 
identified respiratory viruses from nasopharyngeal swabs. Nucleic 
acid was extracted from the swabs using the MagaBio plus Virus 
RNA Purification Kit II by MGISP-NE32 automated extractor. 
Real-time PCR was conducted on an ABI 7500FAST system (Life 
Technologies, Carlsbad, CA USA) using primers provided by CDC 
International Reagent Resource (CDC-IRR), a biological reagent 
repository established to provide better access to 
laboratory reagents.

Statistical analysis

Statistical analyses were performed using R Studio version 4.2.2 
and Stata version 17. Descriptive statistics were presented as medians, 
ranges, and interquartile ranges (IQR) for continuous variables and 
as proportions and charts for categorical variables. The proportion 
and positivity rate of respiratory infections associated with SARS-
CoV-2 and influenza were determined to understand the 

epidemiology of the selected pathogens (73, 74). The proportion was 
computed by taking confirmed respiratory infection as a numerator, 
and the total outpatient visits and inpatient admissions of AFI cases 
as a denominator, whereas, in the case of positivity rate (PR) 
calculation, the denominator was changed to total AFI cases enrolled 
in the study while the numerator remained unchanged. The 
proportion was presented per 100,000 cases, while the PR was 
presented by percentage.

A quasi-binomial regression model was used to compute the 
fraction of SARS-CoV-2 and Influenza that was associated with 
AFI. Finally, the association between clinical and epidemiologic 
characteristics and testing positive for selected pathogens were 
further evaluated using a multivariable logistic 
regression approach.

Ethical clearance

Ethical clearance for this study was obtained from EPHI’s 
Scientific and Ethical Review Office (SERO) and Addis Ababa 
University (EPHI-IRB-254-2020; MM No. 065). Written informed 
consent was obtained from each participant or guardian (for 
pediatric patients aged 5–12 years old) prior to the enrollment in the 
study for an interview and sample collection. Participants were 
identified by coded study numbers in all data collection forms and 
electronic databases. No individual identifiers were used in 
any reports.

Result

Patient screening and enrollment

During the study period, a total of 737 eligible cases were enrolled, 
among them, 29.3, 26.8, 24.6, and 19.1% were enrolled from Addis 
Ababa, Gonder, Jimma, and Harari, respectively. Most enrolled 
participants were male (61.7%) and inpatient cases (66.3%). The 
median age of enrolled cases was 37 years, with a minimum age of 
5 years to a maximum of 95 years (Table 1). Furthermore, only 19.0% 
of cases took fever-reducing medication before seeking care, and 48% 
of the cases had had a recorded temperature >38°C at the time of 
initial diagnosis.

The most common presenting complaints, other than fever, were 
headache (80.3), cough (73.1%), muscle and joint pain (72.9%), and 
difficulty of breathing (59.4%). The least common presenting 
complaints were diarrhea (11.4%), skin rash (9.6%), hemoptysis 
(3.8%) and jaundice (2.0%) (Figure 1).

When examined by study site, 92.4 and 88.9% of cases from 
GUH presented with headache and muscle pain, while 84.1% of 
enrolled cases from JUH presented with cough (Table  2). 
Furthermore, 61.2, 17.6, and 7.6% of enrolled cases were primarily 
diagnosed as respiratory tract infections, malaria, and 
gastrointestinal tract infections, respectively. Geographically, 
79.2% of cases from SPH and 73.6% of the cases from JUH were 
primarily diagnosed as respiratory tract infections, whereas 53.5% 
of cases from GUH were diagnosed as malaria. With respect to 
possible risk factors, 21.9, 5.3, and 5.2% of cases had a comorbid 
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illness, contact with a dead animal, and travel history, respectively 
(Table 2).

Epidemiological description of confirmed 
cases

A total of 132(17.9%) cases were positive for Influenza and SARS-
CoV-2 respiratory viruses (Figure 2).

The most prevalent respiratory pathogen was SARS-CoV-2 
with a positivity rate of 13.7% followed by influenza A and 

influenza B, which had positivity rates of 3.3 and 0.8%, 
respectively. The positivity rate of SARS-CoV-2 was higher among 
cases from St. Paul Hospital (SPH) in Addis Ababa (16.7%), males 
(15.2%), and age >65 years (30.2%). Furthermore, influenza A 
virus was higher among cases from Hiwot-Fana Hospital (HFH) 
in Harar (7.8%), females (5.3%), and age 15–24 years (6.8%). With 
respect to proportion of influenza and SARS-CoV-2, the rate was 
higher among those ≥ 65 years (17.1 per 100,000 population), 
males (9.8 per 100,000 population), and Harar site (13.3 per 
100,000 population) as compared to their respective categories 
(Table 3).

TABLE 1 Demographic and clinical characteristics of enrolled cases included in the study by site in Ethiopia.

Characteristic Overall (N = 737) 
(%)

GUH (n = 198) 
(%)

HFH (n = 141) 
(%)

JUH (n = 182) 
(%)

SPH (n = 216) 
(%)

Age group

Median (IQR) 37(25–55) 29(22–42) 28(22–36) 47(30–60) 45(30–60)

5–14 59(8.0) 16(8.1) 10(7.1) 7(3.9) 26(12.0)

15–24 118(16.0) 42(21.2) 38(27.0) 26(14.3) 12(5.6)

25–44 272(36.9) 98(49.5) 66(46.8) 42(23.1) 66(39.6)

45–64 192(26.1) 32(16.2) 25(17.3) 70(38.5) 65(30.1)

65+ 96(13.0) 10(5.1) 2(1.4) 37(20.3) 47(21.8)

Sex

Female 282(38.3) 83(41.9) 45(31.9) 59(32.4) 95(44.0)

Male 455(61.7) 115(58.1) 96(68.1) 123(67.6) 121(56.)

Case type

Outpatient 489(66.3) 112(56.6) 118(83.7) 146(80.2) 113(52.3)

Inpatient 248(33.7) 86(43.3) 23(16.3) 36(19.8) 103(47.7)

Taking fever-reducing medication

Yes 140(19.0) 74(37.4) 40(28.4) 0(0.0) 26(12.1)

No 597(81.0) 124(62.6) 101(71.6) 182(100.0) 190(87.9)

FIGURE 1

Presented signs and symptoms among enrolled cases in Ethiopia.
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TABLE 2 Clinical manifestations, tentative diagnosis, and possible risk factor of enrolled cases by the site in Ethiopia.

Characteristic Overall (N = 737) 
(%)

GUH (n = 198) 
(%)

HFH (n = 141) 
(%)

JUH (n = 182) 
(%)

SPH (n = 216) 
(%)

Sign and symptoms

Cough 539(73.1) 145(73.2) 107(75.9) 153(84.1) 134(73.1)

Sore throat 421(57.2) 125(63.1) 75(53.2) 99(54.4) 122(56.5)

Difficulty of breathing 438(59.4) 103(52.1) 84(59.6) 110(60.4) 141(65.3)

Hemoptysis 28(3.8) 23(11.6) 3(2.1) 1(0.6) 1(0.5)

Runny nose 199(27.0) 47(23.7) 48(34.0) 64(35.2) 40(18.5)

Diarrhea 84(11.4) 46(23.2) 24(17.1) 2(1.1) 12(5.6)

Nausea and vomiting 330(44.8) 145(73.2) 63(44.7) 30(16.5) 92(42.6)

Abdominal Pain 199(27.0) 82 (41.4) 69 (48.9) 8 (4.4) 40(18.5)

Skin rash 71(9.6) 13(17.7) 13(9.2) 5(2.8) 18(8.3)

Headache 592(80.3) 183(92.4) 115(81.6) 158(86.8) 136(62.9)

Arthralgia 246(33.4) 153(77.3) 8(5.7) 30(16.5) 55(25.5)

Muscle and joint pain 537(72.9) 176(88.9) 101(71.6) 127(69.8) 133(61.6)

Chest pain 328(44.5) 87(43.9) 77(54.6) 128(70.3) 36(16.7)

Loss of taste 290(39.4) 90(45.5) 77(54.6) 117(64.3) 6(2.8)

Loss of smell 267(36.2) 85(42.9) 65(46.1) 111(61.0) 6(2.8)

Chill and rigors 285(38.7) 98(49.5) 58(41.1) 37(20.3) 92(42.6)

Jaundice 15(2.0) 11(5.6) 3(2.1) 0(0.0) 1(0.5)

Primary clinical diagnosis

Respiratory tract infection 451(61.2) 77(38.9) 69(48.9) 134(73.6) 171(79.2)

Malaria 130(17.6) 106(53.5) 5(3.6) 14(7.7) 5(2.3)

Gastrointestinal tract infection 56(7.6) 39(1.5) 31(22.0) 18(9.9) 4(1.9)

Central nervous system 

infection

13(1.8) 2(1.0) 7(5.0) 4(2.2) 0(0.0)

Cardiovascular disease 12(1.6) 1(0.5) 5(3.6) 5(2.8) 1(0.5)

Other choric medical illness 9(1.2) 3(1.5) 1(0.7) 1(0.6) 4(1.9)

Acute abdomen 7(1.0) 0(0.0) 4(2.80) 0(0.0) 3(1.4)

Metabolic disorder 7(1.0) 0(0.0) 1(0.7) 1(0.6) 5(2.3)

Urinary tract infection 4(0.5) 0(0.0) 0(0.0) 0(0.0) 4(1.9)

HIV 4(0.5) 0(0.0) 0(0.0) 2(1.1) 2(0.9)

Chronic bronchitis 3(0.4) 0(0.0) 1(0.7) 2(1.1) 0(0.0)

Poisoning 2(0.3) 0(0.0) 1(0.7) 0(0.0) 1(0.5)

Bleeding disorder 2(0.3) 0(0.0) 1(0.7) 0(0.0) 1(0.5)

Others 37(5.0) 6(3.0) 15(10.6) 1(0.6) 15(6.9)

Risk factors

Having comorbid illness 161(21.9) 12(6.1) 26(18.4) 79(43.4) 44(20.4)

Close contact suspected cases 26(3.5) 6(3.0) 5(3.6) 2(1.1) 13(6.0)

Close contact with dead 

animals

39(5.3) 16(8.1) 2(1.4) 15(8.2) 6(2.8)

History of travel 38(5.2) 20(10.1) 14(9.9) 1(0.6) 3(1.4)

Admitted to ICU 21(2.9) 8(4.0) 1(0.7) 9(5.0) 3(1.4)

https://doi.org/10.3389/fpubh.2025.1549159
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Chekol et al. 10.3389/fpubh.2025.1549159

Frontiers in Public Health 06 frontiersin.org

T
A

B
LE

 3
 P

ro
p

o
rt

io
n

 a
n

d
 p

o
si

ti
vi

ty
 r

at
e 

o
f 

in
fl

u
en

za
s 

an
d

 S
A

R
S_

C
o

V
-2

 b
y 

ag
e,

 s
ex

, a
n

d
 s

it
e 

in
 E

th
io

p
ia

.

V
ar

ia
b

le
C

at
e

g
o

ry
To

ta
l 

ca
se

s 
vi

si
te

d
 

th
e

 s
it

e
s

To
ta

l 
e

n
ro

lle
d

 
ca

se

In
fl

u
e

n
za

 A
 

V
ir

u
s 

(9
5

%
C

I)
In

fl
u

e
n

za
 B

 
V

ir
u

s 
(9

5
%

C
I)

SA
R

S-
C

o
V

-2
 

V
ir

u
s 

(9
5

%
C

I)
P

R
 o

f 
In

fl
u

e
n

za
 

A
 V

ir
u

s 
(9

5
%

C
I)

P
R

 o
f 

In
fl

u
e

n
za

 
B

 V
ir

u
s 

(9
5

%
C

I)
P

R
 o

f 
SA

R
S-

C
o

V
-2

 V
ir

u
s 

(9
5

%
C

I)

A
ge

 g
ro

up
5–

14
y

91
,6

57
59

1.
1 

(0
.1

–7
.1

)
1.

1 
(0

.1
–7

.1
)

1.
1 

(0
.1

–7
.1

)
1.

7 
(0

.9
–1

0.
2)

1.
7 

(0
.9

–1
0.

2)
1.

7 
(0

.9
–1

0.
2)

15
–2

4y
40

3,
25

1
11

8
2.

0 
(0

.9
–4

.1
)

0.
3 

(0
.0

1–
1.

6)
2.

9 
(1

.6
–5

.4
)

6.
8 

(3
.2

–1
3.

3)
0.

8 
(0

.0
4–

5.
3)

10
.2

 (5
.6

–1
7.

4)

25
–4

4y
31

9,
46

2
27

2
2.

8 
(1

.4
–5

.6
)

_
9.

7 
(6

.7
–1

3.
9)

3.
3 

(1
.6

–6
.4

)
_

11
.3

 (7
.9

–1
5.

9)

45
–6

5y
29

5,
64

2
19

2
1.

1 
(0

.3
–3

.2
)

1.
3 

(0
.4

–3
.7

)
9.

5 
(6

.4
–1

3.
8)

1.
5 

(0
.4

–4
.8

)
2.

1 
(0

.6
–5

.5
)

14
.5

 (1
0.

1–
20

.5
)

>6
5y

17
0,

87
4

96
2.

3 
(0

.7
–6

.4
)

17
.(1

1.
52

4)
4.

1(
1.

3–
11

.0
)

_
30

.2
 (2

1.
4–

40
.5

)

Se
x

M
al

e
58

6,
25

3
45

5
1.

7 
(0

.9
–3

.3
)

1.
1 

(0
.4

–2
.3

)
9.

8 
(7

.6
–1

2.
8)

2.
2 

(1
.1

–4
.1

)
1.

3 
(0

.5
–2

.9
)

15
.2

 (1
1.

3–
20

.1
)

Fe
m

al
e

69
4,

63
3

28
2

2.
2 

(1
.3

–3
.7

)
_

6.
2 

(4
.5

–8
.4

)
5.

3 
(3

.1
–8

.8
)

__
_

12
.7

 (9
.8

–1
6.

2)

St
ud

y 
Si

te
SP

H
48

3,
21

6
21

6
0.

4 
(0

.0
7–

1.
7)

_
7.

4 
(5

.3
–1

0.
4)

0.
9 

(0
.1

–3
.6

)
_

16
.7

 (1
2.

1–
22

.2
)

JU
H

29
6,

75
1

18
2

1.
7 

(0
.6

–4
.8

)
_

8.
7 

(5
.8

–1
3.

0)
2.

7 
(1

.1
–6

.6
)

1.
5 

(1
.3

–8
.5

)
14

.3
 (9

.7
–2

0.
4)

H
FH

14
2,

75
6

14
1

7.
7 

(4
.1

–1
4.

2)
3.

5 
(1

.3
–8

.7
)

13
.3

 (8
.2

–2
1.

2)
7.

8 
(4

.1
–1

3.
8)

_
13

.9
 (8

.5
–2

0.
5)

G
U

H
35

8,
16

3
19

8
2.

0(
0.

9–
4.

2)
0.

3(
0.

02
–1

.8
)

5.
5 

(3
.5

–8
.7

)
6.

7 
(3

.1
–1

3.
3)

0.
5 

(0
.0

2–
3.

2)
10

.1
(6

.4
–1

5.
3)

To
ta

l
1,

28
0,

88
6

73
7

1.
9 

(1
.3

–2
.9

)
0.

5 
(0

.2
–1

.1
)

7.
8 

(6
.5

–9
.6

)
3.

3 
(2

.2
–5

.1
)

0.
8 

(0
.3

–1
.8

)
13

.7
 (1

1.
3–

16
.4

)

The positivity rates of SARS_CoV-2 markedly varied across 
months of the year, the positivity rate peaked during 2021  in 
September (37.9%), July (34.4%), and April (20.0%). The positivity 
rate of influenza A sharply increased in 2022, from 2.3% in April to 
25% in June (Figure 3).

When we looked at age group and clinical manifestation, cases 
aged 65 and above, were 3 times [AOR = 3.3,95%CI (1.9–5.7)] more 
likely to be  positive for SARS-CoV-2 as compared to cases aged 
between 25 to 44. Moreover, chest pain [AOR = 0.6,95%CI (0.3–0.9)] 
and chill and rigorous [AOR = 0.5,95%CI (0.3–0.8)] were negatively 
associated with SARS-CoV-2 (Table 4).

Discussion

This study provides a deeper insight into the epidemiological and 
clinical manifestation of selected respiratory pathogens among AFI 
patients across four hospitals in Ethiopia. A standardized case 
definition of AFI were used for the enrolled cases with an inclusion 
and exclusion criteria and the case definition were not specific for 
respiratory cases. The proportion and positivity rate of SARS-CoV-2 
was four-fold higher than influenza A and nearly 10 times higher than 
influenza B. Furthermore, marked variation in the positivity rate was 
observed in terms of sex, age group, site, and season.

The overall positivity rate of SARS-CoV-2 was 13.7%. The finding 
was comparable with studies conducted in India (32), and Pakistan 
(33); however, the positivity rate was much lower as compared to 
studies conducted in Tanzania (34), Kenya (35), Uganda (36) and 
Madagascar (37). The variation in the SARS-CoV-2 positivity rate may 
be  explained by the method of laboratory investigation, study 
population, changes in the COVID-19 pandemic due to the 
introduction of new variants and vaccination as well as the level of 
preventive measures put forward in a country. Overall, tracking 
positivity rate is critical in monitoring the implemented mitigation 
measures along with paving the way for taking additional interventions 
to contain the pandemic (36).

This study elucidated that the proportion and positivity rate of 
SARS-CoV-2 was slightly higher among males as compared to 
females. The finding was parallel with studies conducted in other 
countries (38–41). This could be explained since males have lower 
health seeking behavior, so only present for care when sicker and more 
likely to test positive. Furthermore, their occupation and social 
engagements makes them more vulnerable to having a higher viral 
load resulting in disease severity, and mortality (42). Males are also 
thought to adhere to prescribed preventive measures less frequently 
than females (43). Thus, targeted communication to higher risk 
groups should be  adopted and put in place for the proper 
implementation of the designed interventions.

The study revealed that the positivity rate of SARS-CoV-2 was 
much higher among old-aged cases (age ≥65 years) when compared 
with other age groups. This finding is corroborated by studies 
conducted elsewhere (44–47). Further exploring the risk of age with 
SARS-CoV-2 infection might be  necessary to identify the exact 
correlation. Perhaps, older people are usually attached to low 
socioeconomic status, which has a role in contracting the illness due 
to a lack of hygienic measures like frequent hand washing and keeping 
physical distance (48). However, the preventive measures put in place 
to control the pandemic have resulted in untoward consequence on 
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the health of the people (i.e., physical, mental, emotional, and social) 
and the economy of the world (49). Overall, control measures should 
be  in place by evaluating the untoward consequences of those 
measures among the older population vis-à-vis outweighing the 
severity of the illness.

The positivity rate of SARS-CoV-2 reached its peak between July and 
September 2021. This finding concurred with other studies conducted 
(50, 51). Different geographic arrangements could account for different 
changes in the pandemic’s dynamics. For example, in African countries, 
the rapid rise in the positivity rate is linked to the emergence of new 
variants, such as the Beta and Delta variants (52). In summary, the 
findings imply a need for regular monitoring of the positivity rate of 
SARS-CoV-2 and influenza virus through the routine surveillance 
system where the surveillance data and specimens collected on a regular 

manner and reported via the Integrated Disease Surveillance System 
(IDSR) accompanied by ad hoc surveillance to take timely measures.

In this study, chills and rigor as well as chest pain were not 
indicative symptoms for the diagnosis of SARS-CoV-2. This finding 
agreed with studies conducted elsewhere (53–55). Chest pain is 
commonly attached to major adverse cardiac events such as coronary 
artery disease (56–58), while chills and rigor are usually indicative 
diagnosis of arboviral and other acute respiratory tract infections 
(59–62). Thus, health professionals should be  vigilant enough to 
consider other diagnoses, other than SARS-CoV-2, when they 
encounter chills, rigor, and chest pain while taking a clinical history 
of cases.

In this study, both PR and proportion of SARS-CoV-2 were 
higher in HFH and SPH as compared to other sites. A similar 

FIGURE 2

Distribution of influenza and SARS-COV-2 cases by study site in Ethiopia.

FIGURE 3

The trend of the positivity rate of influenza and SARS_COV-2 from 2021 to 2022 in Ethiopia.
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finding was also reported from studies conducted in Spain and 
Kenya, which indicated that the burden of SARS-CoV-2 was much 
higher in major cities (63, 64). Major cities have unique 
characteristics explained by high population density and road 
connectivity, which are fertile ground for rapid transmission of the 
pandemic due to the increased chance of physical contact (65, 66). 
For effective containment of SARS-CoV-2, measures should 
be  taken to raise public awareness of physical distancing in 
public places.

With respect to the overall proportion and positivity rate of 
influenza virus, influenza A was predominant over influenza 
B. However, in Ethiopia, the positivity rate observed during this study 
period was five folds lower than when compared before the pandemic, 
which reached up to 20% (24, 25). This could be  explained by 
alterations in the epidemiology of the virus during the course of the 
pandemic (67). Non-pharmaceutical Interventions (NPI) 
implemented to curb the burden of the pandemic have resulted in a 
reduction in hospitalization and mortality due to Non-SARS-CoV-2 
(68–70). Although the burden of influenza notably reduced, the 
reduction during the pandemic has raised a tone of questions that 
need to be addressed related to seasonality and preventative measures 
(71). On top of this, the pandemic has impacted the health system 
(72). The combination of all these could result in the rebound of 
influenza and could left the world in a precarious public health 
position that warrants weighing potential pandemic risks 
more seriously.

This study and its results are subject to the following limitations. 
RT-PCR misses the detection of people with SARS-CoV-2 infection 
unless cases present during the acute phase of illness when viremia is 
high and detectable by RT-PCR assay. This hinders to enroll the actual 
sample size and could introduce a substantial risk of bias by 
underestimating the positivity rate. In addition, case enrollment across 
all months/season were not consistent. As a result, seasonal variations 
in the occurrence of influenza and SARS-CoV-2; and other AFI 
causing pathogens were not ruled out by laboratory testing in 
this study.

Conclusion

SARS-CoV-2 and influenza viruses were highly prevalent in AFI 
cases in Ethiopia. The proportion of SARS-CoV-2 was highest 
among persons aged over 65 years of age. A further study is 
recommended to explore influenza subtypes and SARS-CoV-2 
variants among cases and determine their influence on disease 
severity, signs and symptoms, and on the fraction of broader 
pathogens causing AFI in Ethiopia so as to provide evidence-based 
information that guides a proper diagnosis, clinical care and 
surveillance approaches.
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