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Abstract

Background

COVID-19 pandemic caused by extended variants of SARS-CoV-2 has infected more than
350 million people, resulting in over 5.5 million deaths globally. However, the actual burden
of the pandemic in Africa, particularly among children, remains largely unknown. We aimed
to assess the seroepidemiological changes of SARS-CoV-2 infection after school reopening
among school children in Oromia, Ethiopia.

Methods

A prospective cohort study involving students aged 10 years and older were used. A sero-
logical survey was performed twice, at school reopening in December 2020 and four months
later in April 2021. Participants were selected from 60 schools located in 15 COVID-19 hot-
spot districts in Oromia Region. Serology tests were performed by Elecsys anti-SARS-CoV-
2 nucleocapsid assay. Data were collected using CSentry CSProData Entry 7.2.1 and
exported to STATA version 14.2 for data cleaning and analysis.

Results

A total of 1884 students were recruited at baseline, and 1271 completed the follow-up.
SARS-CoV-2 seroprevalence almost doubled in four months from 25.7% at baseline to
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46.3% in the second round, with a corresponding seroincidence of 1910 per 100,000 per-
son-week. Seroincidence was found to be higher among secondary school students (grade
9-12) compared to primary school students (grade 4-8) (RR = 1.6, 95% Cl 1.21-2.22) and
among those with large family size (> = 5) than those with a family size of <3 (RR =2.1, 95%
C11.09-4.17). The increase in SARS-CoV-2 seroprevalence among the students corre-
sponded with Ethiopia’s second wave of the COVID-19 outbreak.

Conclusion

SARS-CoV-2 seroprevalence among students in hotspot districts of the Oromia Region was
high even at baseline and almost doubled within four months of school recommencement.
The high seroincidence coincided with the second wave of the COVID-19 outbreak in Ethio-
pia, indicating a possible contribution to school opening for the new outbreak wave.

Research in context
Evidence before this study

SARS-CoV-2 infection remains a global health priority. There is limited evidence about the
burden of the disease on school children and their role in outbreak propagation. In Africa,
where most countries preemptively closed schools at the beginning of the pandemic, the dis-
ease burden on children and the impact of school closure or opening on the national outbreak
pattern has never been studied. We did electronic searches of MEDLINE, EMBASE, medRxiv,
and Pubmed for articles published in English from December 2019 to December 2020 using
the terms “COVID-19” OR “SARS-CoV-2” AND “School” OR “School children.”. Our search
yielded only a few studies conducted in Europe and the United States of America; none from
Africa. These studies showed that school closure had helped countries to avoid a surge of
cases. However, school children suffered greatly from the lockdown and other public health
measures than the pandemic. This made countries make a difficult choice of whether to return
children to school or strengthen public health measures, including keeping the schools closed
to contain the pandemic. The available resource indicated that a SARS-COV-2 sero survey
study would support the country in estimating the status of the pandemic, monitoring and
evaluating the implementation status of COVID-19 preventive and control measures [37-48]

Added value of this study

To our knowledge, this is the first serological study on COVID-19 among school-age children in
Ethiopia. This longitudinal follow-up study examined the antiSARS-CoV-2 infection seropreva-
lence and seroincidence among school-age students in the Ethiopian context. We used a high sen-
sitivity and specific serological test (Elecsys™ Anti-SARS-CoV-2, Roche Diagnostics) to study
SARS-CoV-2 serology. In this study, we investigated the seroincidence change after school
recommencement and tried to assess factors associated with seroincidence change over time. We
also tried to correlate the seroincidence change with the COVID-19 outbreak pattern in Ethiopia.

Implications of all of the available evidence

This study has revealed that SARS-CoV-2 has been spreading steadily among school children
in Oromia (Ethiopia), even during the school closure. Based on the national outbreak pattern
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at the school reopening and four months later, we can speculate that school opening has con-
tributed to the escalation of the COVID-19 outbreak in Ethiopia. However, it is also possible
that the change in the outbreak pattern may also be due to the occurrence of new virus vari-
ants, as we observed with Alpha and Delta variants in 2021 and recently with Omicron [49-
54]. New variants are often highly transmissible and likely to evade vaccine-mediated and nat-
ural immunity. School opening without proper public health measures creates a fertile envi-
ronment for the evolution and propagation of new variants. Our data highlights the role of
schools and school children in outbreak propagation and provide critical insight for future
public health measures in the face of a similar outbreak.

Introduction

Within two years of the official report from Wuhan, China, the COVID-19 pandemic caused
by extended variants of SARS-CoV-2 has led to more than 350 million infections and over 5.5
million deaths globally [1, 2]. By the end of 2021, Ethiopia reported more than 405,745 cases
and 6,911 COVID-19-attributable deaths. Oromia, Ethiopia’s most populous regional state,
reported 50,129 cases and 1,072 deaths, 12.4% and 15.5% of the nationally reported cases and
deaths, respectively [3]. Although the calamities due to the pandemic are still massive, the real
burden of the pandemic in Oromia, particularly Ethiopia, remains unknown.

Ethiopia preemptively closed all schools and universities after detecting the first COVID-19
case in March 2020 [4]. Such drastic measures were assumed to curtail the outbreak’s spread
and safeguard children and their families from the risk of COVID-19 [5]. Although such pub-
lic health measures were entirely justifiable and have become a global trend during the pan-
demic, a tremendous impact on the learning and social life of the students was reported [6, 7].
With an ongoing outbreak, reopening schools can never be easy because the students remain
susceptible when returning to the schools at a time of high community transmission [8, 9].
The risk of transmission within the school environment is expected to be high and influenced
by multiple factors such as the student number per class, the room size, physical contacts dur-
ing assemblage, learning sessions, and school readiness for COVID-19 mitigations [10]. The
students are more exposed within the school and can be super-spreaders outside [11]. These
anticipated phenomena can significantly change the dynamics and epidemiology of COVID-
19 in any country if not guided by proper public health measures [9].

The real burden of the pandemic on children, in most low-income countries, in particular,
remains unknown and massively underreported due to scarce laboratory testing, limited sur-
veillance, and the milder nature of the disease in this age group [12]. As a result, the epidemiol-
ogy of COVID-19 in children and their role in disease spread in countries like Ethiopia
remains elusive. For instance, children <18 years of age contributed to only 4,597 (9.2%) of
the 50,129 reported cases from the Oromia Region as of 28 December 2021, although about
half of the Ethiopian population is younger than 20 years [13]. Thus, serological studies are the
most feasible and reliable means to provide vital and robust information on key epidemiologi-
cal, clinical, and virological characteristics, including improved modeling and forecasting in
children [14, 15]. Serological surveys can also provide greater details regarding changes in the
incidence and prevalence of a disease in a defined population [16, 17]. Most of the existing
anti-SARS-CoV-2 antibody tests have very high sensitivity and specificity, detect antibodies
within 1-3 weeks of symptom onset, and persist for several months. This feature will help to
retrospectively assess the outbreak pattern in a given community or country [18].

Ethiopia relaxed most of the public health measures against COVID-19 in September 2020
after the end of the five-month-long state of emergency [4]. It decided to reopen schools and
universities in December 2020, even though the trajectory of the outbreak was less well known
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by then. By the beginning of 2021, the country started to observe a surge in cases, severe dis-
eases, and deaths [3]. However, the impact of school commencement and relaxing COVID-19
mitigations over the outbreak pattern has never been studied. Assessing baseline serosurvey,
evaluating incidence change after full-scale school reopening, and correlating this with the
national outbreak pattern may help uncover the impact of school reopening on transmission
dynamics. This study, therefore, aimed to report on the seroepidemiological changes and pre-
dictors among students during school closure and after reopening in hotspot districts in Oro-
mia Region, Ethiopia.

Methods
Study design and settings

A longitudinal, school-based cohort study was conducted between December 2020 (baseline
study) and April 2021(final cohort) in hotspot zones and towns of the Oromia Region in Ethi-
opia. Oromia is the largest and most populous region in Ethiopia. According to the Population
and Housing Census in 2007, the region’s population was projected to be 39 million by 2020,
accounting for nearly 35% of the Ethiopian population; 87.7% are rural residents. Administra-
tively, the region is divided into 21 zones, 19 town administrations, 317 districts, and 7011
kebeles (the smallest administrative unit in Ethiopia). The region accounts for 32% of Ethio-
pian land size, with 363,399.8 km>.

Selection of study participants

The study was conducted among students in selected schools located in the top 15 hotspot
areas (eight zones and seven towns administrations) in Oromia Region (Fig 1).

We selected COVID-19 hotspot areas based on the number of officially reported COVID-
19 cases as of 15 October 2020 (Supporting information Table 1). The schools in each town
and woreda were identified and classified into four categories: public primary, private primary,
public high school, and private high school. One school from the above four categories was
randomly selected from each town and district. Four schools were chosen from each district,
making 60 schools overall. The schools were selected and evenly distributed across all districts
based on their levels (primary and high schools) and ownership (public and private). Only stu-
dents of age 10 and older (grade 4 and above) were included in this study. The selected schools
were stratified by grades (from grades 4 to 12), and one class from each grade was chosen ran-
domly. It was automatically included if there was only one class in each grade. Finally, students
were randomly selected from each selected class of a given grade. Then stratification by school
type and grade was done to ensure adequate representation of all students who were 10 years
and older. (Supporting information).

The number of participants was calculated by using single population proportion formula
with the following considerations: Considering the primary objective, assuming 50% of the
students already had antiSAR-CoV-2 antibodies (no prior data), the margin of error of 4%,
95% confidence interval, design effect of 3, since there were three selections (schools from
each hot spot areas, class from each grade and students from each class) and by adding 10% for
non-response and 10% for dropout in the second round. Finally, the sample size computed
was 2164 students based on the following formula:

Z.,’P(1—-P)  1.96°X0.5(1 — 0.5)

&2 0.042 = 601%3%0.1x0.1 =~ 2164

n=
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Fig 1. Map showing the selected schools, zones, or towns for the seroprevalence of SARS CoV-2 study among
students in Oromia, Ethiopia December 2020 to April 2021.

https://doi.org/10.1371/journal.pone.0280801.g001

The number of participants per district and school was assigned proportionally based on
the number of students. The students were again proportionally allocated to public and private
schools using Open Epi software: Toolkit Shell for Developing New Applications Population-
based age-stratified seroepidemiological investigation protocol for coronavirus 2019 (COVID-
19) infection. (who.int).

Data collection and laboratory procedures

A standardized questionnaire was adopted from the national survey tool "Serologic Evidence of
SARS-CoV-2 Virus infection Survey in Ethiopia, June 2020". It was used to collect demographic
data, COVID-19-related symptoms, and prevention practices during the first week of school,
reopening at the first-round baseline (December 2020), and, after four months, the final cohort
(April 2021). The English version of the survey tools was translated into two widely spoken
local languages (Afaan Oromo and Ambharic). Two days of training were provided for the data
collectors, sample collectors, and supervisors. The training included two sessions: survey tools
and laboratory components. Questionaries were tested before use, and investigators supervised
the supervisors and data collectors. The supervisors checked the completeness and consistency
of the collected data using an online data entry software: CSentryCSProDataEntry7.2.1 https://
www.census.gov/population/international/software/cspro/. The collected data was immedi-
ately sent online to the central server at Oromia Health Bureau for storage. GPS was taken for
all schools, and spatial distribution of the schools was done by QGIS version 3.16.16 Hannover,
2009-2019 QGIS Development team. Ethiopian boundaries, districts, and towns shapefiles
(https://data.humdata.org/dataset/cod-ab-eth) were used to construct the map (Fig 1).

Venous blood of about 5 mL was collected from all participants at each round using stan-
dard serum tubes. Any visible particulate matters in the specimen were removed by centrifuga-
tion at 3000 rounds per minute for 20 minutes at room temperature or by filtration. The sera
were processed daily and stored at -20°C in aliquots. One aliquot was subsequently thawed to
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ensure the best reproducibility and cost-effective operation, and serology testing was done in
batches. A serology test was performed with Elecsys anti-SARS-CoV-2 anti-nucleocapsid assay
using Cobas 6000 module e601 system (Roche Diagnostics, Basel, Switzerland). The assay had
a reported sensitivity of 100% and specificity of 99.81% in samples collected at least 14 days
post-PCR confirmation of SARS-CoV-2 infection; 65.5% (95% CI 56.1-74.1) at 0-6 days and
88.1% (95% CI 77.1-95.1) at 7-13 days post-PCR confirmation [19]. The laboratory data con-
sisted of qualitative data (reactive versus non-reactive) and quantitative data as a cut-off index
(COI). Any COI value <1 was considered non-reactive, while >1 was positive. Serology tests
were conducted under the supervision of two professors from Jimma university. A double data
entry process was done for sample results by two data managers, and no discrepancy was
found.

Data management and analysis

The data were exported from CSentry CSPro DataEntry 7.2.1 to Microsoft Excel to be cleaned
and then exported to Stata version 14.2 for analysis. The result was summarized with frequen-
cies and percentages. Seroprevalence at both rounds of study and seroincidence at the final
cohort of the study was calculated, with point and interval estimates with 95% confidence
intervals (CI). Stratified analyses were carried out to assess the prevalence and incidence of
IgG in the different age subgroups, family size, mask utilization, physical distancing, and other
variables. COVID-19 prevention practices were dichotomized as ‘always’ if they were imple-
mented as the Ministry of Health recommended or ‘not all’ if they missed any component.
Seroprevalence of anti-SARS-CoV-2 antibodies was calculated as the number of positive cases
divided by the number of individuals tested per round. The incidence rate (IR) was calculated
as the number of new positive cases divided by those still at risk of infection. The IR is pre-
sented as a rate per 100 000 person-weeks. Firstly, we conducted binary logistic regression for
seroincidence, and multiple logistic regression was performed for variables with a p-value less
than 0.2 in bivariate analysis. A p-value less than 0.05 was considered statistically significant.

Ethical considerations

Ethical approval was received from the Oromia Health Bureau Review Board (Ref # BEFO/
HBTFH/1-16/234). In addition, a support letter to selected schools was obtained from the Oro-
mia Education Bureau. Written informed consent was obtained from parents or caregivers.
Assent was also obtained from children of age 12 years and older. All information accessed in
the study was kept confidential through anonymity. Participants suspected of COVID-19 were
referred to the nearest health facility for proper care. The findings of this study were officially
communicated to health and education bureaus of the Oromia Region and presented to con-
cerned stakeholders as a one-day workshop as soon as the results were available.

Results

Background characteristics of study participants

Although we aimed to include 2,164 school children overall, only 2024 (93.5%) gave blood
samples at baseline. Among the 2024 collected samples, 140 were rejected due to sampling
error and inadequacy. Finally, 1,884 were considered for seroprevalence calculation in the first
round. Among 1,884 students approached for the second round, 613 were excluded from the
sero incidence calculation for various reasons, leaving behind 1,271 participants for the seroin-
cidence estimate (Fig 2).
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Approached for inclusion (N=2164)

Refusal/non-response (n=140)

Recruited at baseline (n=2024)

Excluded due to speciment
quality and labelling problems
(n=140)

Included for baseline serosurvey (n=1884) ‘

Refusal/drop-out (n=466)

Recruited in the second round (n=1418) \

Excluded due to specimen
quality, labelling problem,
and/or ID mismatch (n=147)

Included in the final analysis (n=1271) \

Fig 2. Consort diagram representing cohort description for points of inclusion and exclusion (n = number of
students at each step). The mean (+SD) age of the participants at baseline was 15.8 (2.6) years, ranging from 10 to 27
years; 1116 (59.2%) of them were in the age group of 15 to 18 years. Females accounted for 1033 (54.8%) of the
participants. The majority of the students, 1740 (92.4%), lived in a family size of three or more per household. Mask
use and physical distance practices were low among the study participants. There are no marked differences in
background characteristics between the first and second rounds of the students (Table 1).

https://doi.org/10.1371/journal.pone.0280801.g002

Seroprevalence and seroincidence

The overall seroprevalence of SARS-CoV-2 was 25.7% (485/1884) and 46.3% (588/1271) at the
first round (baseline) and second-round (final cohort), respectively. Two-thirds of the school
had a seroprevalence of more than 25% during the opening and doubled after four months of
school reopening.

More than half (9/15) of the districts had a seroprevalence of > 25% at a school reopening.
The prevalence doubled over four months in most districts except in Gimbi Town in west Oro-
mia, which already had a seroprevalence of 42% during the first round. Overall highest preva-
lence during the two rounds was observed in districts surrounding the capital city, Addis
Ababa (Fig 3).

However, the percent change in seroprevalence within the geographical area during the
baseline study (December 2020) was inversely proportional to seroincidence during school
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Fig 3. Seroprevalence of SARS-CoV-2 and percent change in seroprevalence after school reopening in hotspot districts in Oromia, Ethiopia
during study period, first round (December 2020) to second round (April, 2021).

https://doi.org/10.1371/journal.pone.0280801.9003

opening (April 2021) (Supporting information). Prevalence was higher in the age group 15-18
years and female students in both rounds (Table 2). There was a significant difference in sero-
prevalence among age group and school type. However, no significant difference in seropreva-
lence with mask utilization and physical distance practice was observed (Table 2).

The overall seroincidence during the study period was 1910 per 100,000 person-weeks.
SARS-CoV-2 seropositivity was higher in high school students (grade nine to twelve) than in
elementary school (grade four to eight) students ((RR = 1.2, 95%CI(1.21-2.22)). It was also
higher in students with a family size of more than five((RR = 2.1, 95%CI(1.09-4.17)) than in
fewer family sizes (Table 3).

Availability of WASH and infection prevention practice materials and
implementation status in schools (schools predictors for SARS-COV-2)

Among the surveyed 60 schools, only 23.3% had COVID-19 case definition and hotlines in the
compound; 55% had posted COVID-19 prevention messages, 20% had a surveillance registra-
tion and reporting format, and only 58.3% had temporary isolation room (Supplementary
Table 2). Water was not available for hand washing in 8.3% of the schools; 10% did not avail
soap at hand washing sites. A physical distancing rule of at least 1 meter between people was
implemented in only 5% of the schools (Supporting information). Hand washing facilities and
sanitizers were always available for staff in 28.3% of schools. Adequate hand sanitizer for stu-
dents was not available in 36.7% of the schools. On the other hand, sufficient no-touch dust
bins with lids in all required places were always available in 13.3% of the schools (Supporting
information).
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Table 1. Study district and participants’ socio-demographic characteristics by study rounds, base line (December, 2020) and follow up (April, 2021).

Characterisitics Categories Baseline Follow-up
(N =1884) (N =1271)
n (%) n (%)
Study district Adea 65 (3.5) 43 (3.4)
Adea Barga 104 (5.5) 53 (4.2)
Adama Town 360 (19.1) 175 (13.8)
Assela Town 115 (6.1) 84 (6.6)
Babile 50 (2.7) 21 (1.7)
Bishoftu Town 165 (8.8) 142 (11.2)
Burayu Town 136 (7.2) 109 (8.6)
Dukem Town 57 (3.0) 53 (4.2)
Gasara 78 (4.1) 39 (3.1)
Gimbi Town 50 (2.7) 39 (3.1)
Nekemte Town 113 (6.0) 87 (6.9)
Sebata Town 200 (10.6) 137 (10.8)
Seka Chekorsa 197 (10.5) 146 (11.5)
Sululta Woreda 84 (4.5) 43 (3.4)
Ziway Dugda 110 (5.8) 100 (7.9)
Age in Years 10-14 565 (30.0) 402 (31.6)
15-18 1,116 (59.2) 715 (56.3)
>18 203 (10.8) 154 (12.1)
Sex Female 1,033 (54.8) 707 (55.6)
Male 851 (45.2) 564 (44.4)
Family size 1-2 144 (7.6) 84 (6.6)
3-4 522 (27.7) 357 (28.1)
5.7 938 (49.8) 655 (51.5)
>=8 280 (14.9) 175 (13.8)
School-level Primary 774 (41.1) 540 (42.5)
Secondary 1110 (58.9) 731 (57.5)
Mask utilization Always 502(26.7) 367 (28.9)
Never 243 (12.9) 124 (9.8)
Occasionally 1139 (60.5) 780 (61.4)
Physical distancing practice Always 149 (7.9) 98 (7.7)
Never 654 (34.7) 495 (39.0)
Occasionally 1081 (57.4) 678 (53.3)
Contact history with Suspected COVID-19 Yes 5(0.8) 5(1.2)
Confirmed COVID-19 Yes 12 (0.6) 3(1.0)
Self-reported symptoms Fever Yes 3(3.9) 39 (3.1)
Cough Yes 199 (10.6) 91 (7.3)
Difficult of breathing Yes 5(0.3) 8(0.6)
Chest pain Yes 6(0.3) 13 (1.0)
Wheezing Yes 26 (1.4) 45 (3.6)
Fatigue Yes 26 (1.4) 30 (2.4)

https://doi.org/10.1371/journal.pone.0280801.t001

Frequently touched objects were properly cleaned and disinfected with 0.5% chlorine solu-
tion in only 11.7% of the schools. Screening for COVID_19 was appropriately practiced in
only 16.7% of the schools. Ways of waste collection, handling, and disposal methods were safe
in 28.3% of the schools. In contrast, 35% of schools didn’t look at all practice identification of

sick students (Supporting information).
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Table 2. Seroprevalence of SARS -CoV-2 (seroprevalence = n/N*100, N = Total participants and n = SARS-COV-2 positive for IgG, Where N = 1884 and n = 485 for
the first round and N = 1721 and n = 588 for second round respectively).

Charectercitcs Category First round (December, 2020) Second round (April, 2021)
Seroprevalence(%) P-value Seroprevalence(%) P-value

Age in Years 10_14 124 (6.6%) ref 155 (12.2%) ref

15-18 293 (15.5%) 0.054 351 (27.6%) 0.001
>18 68 (3.6%) 0.001 82 (6.5%) 0.002

Sex Female 261 (13.8%) ref 320 (25.2%) ref
Male 224 (11.9%) 0.520 268 (21.1%) 0.423

Family size 1.2 33 (1.8%) ref 32 (2.5%) ref

3.4 136 (7.2%) 0.444 163 (12.8%) 0.21
57 252 (13.4%) 0.317 310 (24.4%) 0.112
>=8 64 (3.4%) 0.989 83 (6.5%) 0.158

School Primary school 170 (9.0%) ref 219 (17.2%) ref
Secondary school 315 (16.7%) 0.002 369 (29.1%) 0.0001

Mask Utilization Always 141 (7.5%) ref 182 (14.3%) ref
Never 52 (2.8%) 0.051 52 (4.1%) 0.141
Occasionally 292 (15.5%) 0.299 354 (27.9%) 0.183

Physical Distance practicing Always 48 (2.5%) ref 47 (3.7%) ref
Never/Rarely 167 (8.9%) 0.236 214 (16.8%) 0.390
Occasionally 270 (14.3%) 0.156 327 (25.7%) 0.960

Having an underlying medical condition No 458 (24.3%) ref 580 (45.6%) ref
Do not know 4(0.2%) 0.384 3(0.2%) 0.845
Yes 23 (1.2%) 0.021 5 (0.4%) 0.123

Contact history with suspected COVID_19 No 481 (25.5%) ref 578 (45.5%) ref
Yes 4(0.2%) 0.935 10 (0.8%) 0.121

https://doi.org/10.1371/journal.pone.0280801.t002

Discussion

The seroprevalence of SARS-CoV-2 almost doubled within the four months of schools reopen-
ing among students in COVID-19 hotspot districts of the Oromia Region. The seroincidence
was high among high school students (> = grade 9), those living in extended family size.
SARS-COV-2 seroincidence was higher in high school students (grades 9 to 12) than elemen-
tary school (grades four to eight) students and among students with large family sizes (> 5)
than those with smaller family sizes (<3). This seroepidemiological change coincided with the
second wave of the COVID-19 outbreak in Ethiopia, characterized by a health system crisis
during the first quarter of 2021 [3], indicating the possible contribution of school opening to
the new wave of the outbreak.

Besides its fatality and health system crisis, the COVID-19 pandemic has caused extreme
psychosocial crises globally due to the implementation of stringent public health measures by
almost all countries [20]. Although children have never faced the pandemic, they have become
the most prominent victims [21]. Due to their potential to perpetuate infection spread, schools
were closed early to contain the pandemic confining students to their homes away from
schools and their peers with looming uncertainties. In Ethiopia alone, over 26 million children
were kept away from school for nearly nine months [22]. Such lockdown measure was chal-
lenging for children, families, and the country. Despite their proven effectiveness, lockdown
measures lead to general fatigue and poor adherence to mitigation measures the longer they
are kept in place.
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Table 3. Multiple logistic regression of SARS-CoV-2 and association with seroincidence, December 2020 to April 2021.

Characterictics

School

Mask Utilization

Sex

Family Size

Presence BCG Scar

Attending or participating in different
events

participating in different worship
activities

Using public transport

Practicing physical distancing

Categories | Sero incidence (N = 918) RR | (95%, Conf. P-Value
Interval)
IgG Negative for SARS-CoV-2 IgG Positive for SARS-CoV-2 Lower | Upper
(n=636) (n =282)

Primary 300 (32.7%) 107 (11.7%) ref

Secondary 336 (36.6%) 175 (19.0%) 146 1.21 2.22 0.002
Frequently | 174 (19.0%) 73 (8.0%) Ref

Occasionally | 398 (43.4%) 180 (19.6%) 0.96 | 0.66 1.41 0.842
Rarely 64 (7.0%) 29 (3.2%) 1.02 | 0.56 1.84 0.958
Female 362 (39.4%) 149 (16.2%) ref

Male 274 (29.8%) 133 (14.5%) 121 090 | 1.63 | 0.202
1-2 50 (5.4%) 12(1.3%) ref

3-4 178 (19.4%) 76 (8.3%) 2.00 | 1.00 4.01 0.051
5-7 323 (35.5%) 152 (16.6%) 2.13| 1.09 4.17 0.027
>=8 85 (9.3%) 42 (4.6%) 227 107 | 479 | 0.032
Yes 470 (51.2%) 204 (22.2%) ref

No 166 (18.1%) 78 (8.5%) 108 078 | 149 | 0.654
Frequently | 30 (3.3%) 10 (1.1%) ref

Never 440 (47.9%) 199 (21.7%) 1.44 | 0.67 3.08 0.351
Sometimes | 166 (18.1%) 73 (8.0%) 1.30 | 0.58 2.89 0.522
Frequently | 66 (7.2%) 24 (2.6%) Ref

Never 321 (35.0%) 141 (15.4%) 1.16 | 0.67 2.01 0.607
Sometimes | 249 (27.1%) 117 (12.7%) 124 0.72 2.14 0.446
Frequently | 119 (13.0%) 43 (4.7%) Ref

Never 306 (33.3%) 134 (14.6%) 1.32 0.84 2.06 0.231
Sometimes | 211(23.0%) 105 (11.4%) 1.39| 0.87 2.22 0.163
Frequently | 47(5.1%) 15 (1.6%) Ref

Never 327(35.6%) 158 (17.2%) 1.52| 0.78 2.98 0.218
Sometimes | 262(28.5%) 109 (29.4%) 1.28 | 0.63 2.58 0.497

https://doi.org/10.1371/journal.pone.0280801.t003

Ethiopia appeared to have controlled the outbreak in the first six months. Yet, surveillance
data revealed that the infection spread steadily during these times [23]. The ’silent’ spread
might have gotten momentum once most mitigation measures were relaxed in September
2020. This is probably why seroprevalence was high (25.7%) among children even before
school commencement. School reopening when sustained disease spread inevitably fuels its
propagation [24, 25]. For instance, the RT-PCR test positive rate in Ethiopia, which was 8.5%
on average for December 2020 and January 2021, increased to 12.5% in February 2021, 21.1%
in March, and 22.5% for April 2021 (Figs 3 and 4).

Although multiple other factors might have contributed, it is thus fair to assume that the
high SARS-CoV-2 seroincidence with prevalence reaching 46.3% by April 2021 among stu-
dents in our study might have played a critical role in the new wave of the outbreak. Seropreva-
lence varied within the geographical areas. During the baseline study (December 2020),
seroprevalence was highest around the capital city (Addis Ababa) except in Gimbi Town. The
percentage change in seroprevalence within the geographical area is inversely related to an
incidence, as indicated in (Supporting information). The change in seroprevalence from the
town around the capital to the peripheral district in the region during the school reopening
indicates high community transmission.
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Fig 4. Trend changes in SARS -CoV-2 seroprevalence in hotspot districts, national RT-PCR positivity rate and daily new cases. Each
orange dot represents hotspot districts. Data from the national RT-PCR positivity rate and daily new cases were obtained from the daily
COVID-19 report by the Ministry of Health of Ethiopia [3].

https://doi.org/10.1371/journal.pone.0280801.9g004

This study finding is also congruent with the seroepidemiological survey of SARS-CoV-2
among hospital workers and communities in Ethiopia that revealed an escalation of seropreva-
lence from 11% in August 2020 to 54% in April 2021 [26].

The risk of infection in younger children has been lower than in adults. However, the inci-
dence of the infection increases with age [27, 28]. In our study, the seroincidence was higher
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among high schools than in primary school, which may be related to age. Although there is no
well-established evidence that children are less susceptible to SARS-CoV-2 infection, the infec-
tion tends to be milder and predominantly asymptomatic [29, 30] in this age group leading to
under-reporting of the case. Besides, as the social interaction in younger children is limited,
their risk of getting and transmitting the expected infection is lower than that of adolescents
and adults [27, 31], as has been the case in our report and previous studies.

Our study’s seroincidence rate peaked at 1,910 per 100,000 person-weeks in April 2021. It is
far higher than the national routine surveillance report from December 2020 to April 2021,
although the incremental trend was the same in both cases (Fig 4). This incidence rate was
lower than that of health workers in February 2021 (IR 2223 per 100,000 person-weeks in
Addis Ababa and 3810 per 100,000 person-week in Jimma) [26]. The findings in these two
studies underline the serious underreporting of COVID-19 cases in Ethiopia in general and in
children in particular. Our study suggests that seroprevalence change coincided with a change
in Ethiopia’s officially reported SARS-CoV-2 RT-PCR positivity rate after school reopening.
The escalation of seroincidence and dramatic increment of PCR positivity suggests that school
opening might have contributed to the COVID-19 peaks that occurred in the country in
March/April 2021 (Fig 4).

A high refusal rate was reported in big towns and private schools (Table 1). It was expected
that a high non-response rate can be reported in a follow-up study, and it is possible to esti-
mate both seroepidemiology and seroincidence within the given sample size [32-36]

COVID-19 prevention strategies at all surveyed schools were far below the target set nation-
ally to be implemented in all schools, both in high schools and elementary as well as in private
and government schools (School Reopening Guidance in the Context of COVID-19 Pandemic
in Ethiopia). The guideline states that the local task force (authority) should decide whether to
reopen schools or not based on the local pattern of COVID-19 outbreak and schools’ capability
to implement COVID-19 prevention measures [55]

It also states that there should be a sufficient classroom with a limited number of students
to keep a one-meter distance between desks, only one student per desk, and a 4-meter distance
between teachers’ stand to front students. The requirements were adequate and continuous
water supply, sufficient laterin, and sufficient washing facilities [55]

These findings indicate that most schools were not ready to implement the recommended
measures at the time of school reopening and could not adhere to them after school com-
mencement. It is thus highly likely that the poor adherence of the schools and students to these
measures is the main reason for the high SARS-CoV-2 seroincedence after school reopening.

The high seroincidence and doubling seroprevalence in children during school reopening
in this study implies: that the Ethiopian education sector, which encompasses nearly 30% of
the general population (as stated in the Supporting information), suggests as school is a poten-
tial source of infection for COVID-19 and other emerging and re-emerging epidemic-prone
disease which needs strong policy, strategies, and planning at school while implementing any
pandemic /Epidemic control and preventive measures.

Strength and limitation

The major strengths of this study were that it covered a wide geographical area and was a lon-
gitudinal follow-up study. Moreover, the Elecsys anti-SARS-CoV-2 test used for this study is
internationally acceptable and standard for estimating the seroprevalence and seroincidence.
Based on our information, this is the only longitudinal study conducted on children and
schools in the country. Perhaps, there were some limitations, like the high dropout rate of
study participants in big towns and some other rural areas because of fear of giving blood
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samples, insecurity, and fasting time for the Muslim community during the study follow-up
period. Furthermore, we conducted the seroprevalence survey only twice and four months
apart. As a result, we could not see the seroepidemiological pattern more accurately. Our study
is also limited because we only conducted it in hotspot districts, most of which were urban or
semi-urban areas. Hence, our findings may not reflect the region’s real outbreak pattern.

Conclusion

SARS-CoV-2 seroprevalence among students aged 10 years and above in the Oromia Region
hotspot zones was high even before school reopening and almost doubled at the four-month
post-school opening. Seroincidence was higher in high school students (grades 9-12) and chil-
dren with a family size of more than five. The nationally recommended COVID-19 prevention
measures were not adequately implemented in most schools. The findings reflect the chal-
lenges of implementing social restrictions and other public health measures in low-income set-
tings as part of pandemic control measures. The rapid escalation of the seroprevalence
happened during the second wave of the COVID-19 outbreak in Ethiopia, indicating a possible
contribution of school reopening for the new outbreak wave. Hence, any pandemic/outbreak
control measures should include school health as a critical component of public health
measures.
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(DOCX)

Acknowledgments

We greatly appreciate the collaborative efforts from Oromia Health Bureau, Fenot Project,
Jimma University, Armauer Hansen Research Institute, and Adama Reginal Laboratory and
staff for the overall coordination of the study. Their contribution from the concept note devel-
opment, during data and sample collection, providing technical support, offering test kits,
sample storage, sample transportation, data analysis, and report writing. We would also like to
thank the local administrators of the study zones and towns, data collectors, school principals,
and teachers. We truly thank all children and their parents for their willingness to participate
in this study.

Author Contributions

Conceptualization: Dabesa Gobena, Esayas Kebede Gudina, Daniel Yilma, Tsinuel Girma,
Getu Gebre, Tesfaye Gelanew, Alemseged Abdissa, Daba Mulleta, Tarekegn Sarbessa,
Henok Asefa, Mirkuzie Woldie, Gemechu Shumi, Birhanu Kenate, Arne Kroidl, Andreas
Wieser, Beza Eshetu, Tizta Tilahun Degfie, Zeleke Mekonnen.

Data curation: Dabesa Gobena, Esayas Kebede Gudina, Daniel Yilma, Tsinuel Girma, Getu
Gebre, Tizta Tilahun Degfie, Zeleke Mekonnen.

Formal analysis: Dabesa Gobena, Esayas Kebede Gudina, Tesfaye Gelanew, Henok Asefa,
Tizta Tilahun Degfie, Zeleke Mekonnen.

Funding acquisition: Dabesa Gobena, Esayas Kebede Gudina, Gemechu Shumi, Birhanu
Kenate, Tizta Tilahun Degfie, Zeleke Mekonnen.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280801 February 3, 2023 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280801.s001
https://doi.org/10.1371/journal.pone.0280801

PLOS ONE

Escalating spread of SARS-CoV-2 infection after school reopening among students

Investigation: Dabesa Gobena, Esayas Kebede Gudina, Tizta Tilahun Degfie, Zeleke
Mekonnen.

Methodology: Dabesa Gobena, Esayas Kebede Gudina, Daniel Yilma, Tsinuel Girma, Tesfaye
Gelanew, Alemseged Abdissa, Daba Mulleta, Henok Asefa, Mirkuzie Woldie, Tizta Tilahun
Degfie, Zeleke Mekonnen.

Project administration: Dabesa Gobena, Tizta Tilahun Degfie, Zeleke Mekonnen.

Resources: Dabesa Gobena, Gemechu Shumi, Birhanu Kenate, Tizta Tilahun Degfie, Zeleke
Mekonnen.

Software: Dabesa Gobena, Henok Asefa, Tizta Tilahun Degfie, Zeleke Mekonnen.

Supervision: Dabesa Gobena, Esayas Kebede Gudina, Daniel Yilma, Tsinuel Girma, Getu
Gebre, Tesfaye Gelanew, Alemseged Abdissa, Daba Mulleta, Tarekegn Sarbessa, Henok
Asefa, Mirkuzie Woldie, Gemechu Shumi, Birhanu Kenate, Arne Kroidl, Andreas Wieser,
Beza Eshetu, Tizta Tilahun Degfie, Zeleke Mekonnen.

Validation: Dabesa Gobena, Esayas Kebede Gudina, Tesfaye Gelanew, Alemseged Abdissa,
Daba Mulleta, Tarekegn Sarbessa, Henok Asefa, Mirkuzie Woldie, Gemechu Shumi, Bir-
hanu Kenate, Arne Kroidl, Andreas Wieser, Beza Eshetu, Tizta Tilahun Degfie, Zeleke
Mekonnen.

Visualization: Dabesa Gobena, Esayas Kebede Gudina, Daniel Yilma, Tsinuel Girma, Getu
Gebre, Tesfaye Gelanew, Alemseged Abdissa, Daba Mulleta, Henok Asefa, Mirkuzie Wol-
die, Gemechu Shumi, Birhanu Kenate, Arne Kroidl, Andreas Wieser, Beza Eshetu, Tizta
Tilahun Degfie, Zeleke Mekonnen.

Writing - original draft: Dabesa Gobena, Tizta Tilahun Degfie, Zeleke Mekonnen.

Writing - review & editing: Dabesa Gobena, Esayas Kebede Gudina, Daniel Yilma, Tsinuel
Girma, Getu Gebre, Tesfaye Gelanew, Alemseged Abdissa, Daba Mulleta, Tarekegn Sar-
bessa, Henok Asefa, Mirkuzie Woldie, Gemechu Shumi, Birhanu Kenate, Arne Kroidl,
Andreas Wieser, Beza Eshetu, Tizta Tilahun Degfie, Zeleke Mekonnen.

References

1. Simpson RB, Lauren BN, Schipper KH, McCann JC, Tarnas MC, Naumova EN. Critical Periods, Critical
Time Points and Day-of-the-Week Effects in COVID-19 Surveillance Data: An Example in Middlesex
County, Massachusetts, USA. International Journal of Environmental Research and Public Health.
2022 Jan; 19(3):1321. https://doi.org/10.3390/ijerph19031321 PMID: 35162344

2.  WHO CO. World health organization. Responding to Community Spread of COVID-19. Reference
WHO/COVID-19/Community_Transmission/2020.1. 2020 Apr.

3. Lanyero B, Edea ZA, Musa EO, Watare SH, Mandalia ML, Livinus MC, et al. Readiness and early
response to COVID-19: achievements, challenges, and lessons learned in Ethiopia. BMJ global health.
2021 Jun 1; 6(6):e005581.

4. Dikale E. Insights on Ethiopia’s State of Emergency against COVID-19: A Descriptive Overview. Annals
of Bioethics & Clinical Applications. 2021 Feb 8.

5. Auger KA, Shah SS, Richardson T, Hartley D, Hall M, Warniment A, et al. Association between state-
wide school closure and COVID-19 incidence and mortality in the US. Jama. 2020 Sep 1; 324(9):859—
70. https://doi.org/10.1001/jama.2020.14348 PMID: 32745200

6. Baron EJ, Goldstein EG, Wallace CT. Suffering in silence: How COVID-19 school closures inhibit the
reporting of child maltreatment. Journal of public economics. 2020 Oct 1; 190:104258. https://doi.org/
10.1016/j.jpubeco.2020.104258 PMID: 32863462

7. Dunton GF, Do B, Wang SD. Early effects of the COVID-19 pandemic on physical activity and seden-
tary behavior in children living in the US. BMC public health. 2020 Dec; 20(1):1-3.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280801 February 3, 2023 15/18


https://doi.org/10.3390/ijerph19031321
http://www.ncbi.nlm.nih.gov/pubmed/35162344
https://doi.org/10.1001/jama.2020.14348
http://www.ncbi.nlm.nih.gov/pubmed/32745200
https://doi.org/10.1016/j.jpubeco.2020.104258
https://doi.org/10.1016/j.jpubeco.2020.104258
http://www.ncbi.nlm.nih.gov/pubmed/32863462
https://doi.org/10.1371/journal.pone.0280801

PLOS ONE

Escalating spread of SARS-CoV-2 infection after school reopening among students

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Lopes-Junior LC, Siqueira PC, Maciel EL. School reopening and risks accelerating the COVID-19 pan-
demic: A systematic review and meta-analysis protocol. PloS one. 2021 Nov 17; 16(11):e0260189.
https://doi.org/10.1371/journal.pone.0260189 PMID: 34788344

Gurdasani D, Alwan NA, Greenhalgh T, Hyde Z, Johnson L, McKee M, et al. School reopening without
robust COVID-19 mitigation risks accelerating the pandemic. The Lancet. 2021 Mar 27; 397
(10280):1177-8. https://doi.org/10.1016/S0140-6736(21)00622-X PMID: 33713595

Irfan O, Li J, Tang K, Wang Z, Bhutta ZA. Risk of infection and transmission of SARS-CoV-2 among
children and adolescents in households, communities and educational settings: A systematic review
and meta-analysis. Journal of global health. 2021; 11. https://doi.org/10.7189/jogh.11.05013 PMID:

34326997

Karki SJ, Joachim A, Heinsohn T, Lange B. Risk of infection and contribution to transmission of SARS-
CoV-2 in school staff: a systematic review. BMJ Open. 2021 Nov 1; 11(11):e052690. https://doi.org/10.
1136/bmjopen-2021-052690 PMID: 34732489

Velasquez SR, Jacques L, Dalal J, Sestito P, Habibi Z, Venkatasubramanian A, et al. The toll of
COVID-19 on African children: a descriptive analysis on COVID-19-related morbidity and mortality
among the pediatric population in sub-Saharan Africa. International Journal of Infectious Diseases.
2021 Sep 1; 110:457-65. https://doi.org/10.1016/}.ijid.2021.07.060 PMID: 34332088

Bekele A, Lakew Y. Projecting Ethiopian demographics from 2012-2050 using the spectrum suite of
models. Ethiopia Public Health Assoc. 2014 Jul.

Blankenberger J, Haile SR, Puhan MA, Berger C, Radtke T, Kriemler S, et al. Prediction of Past SARS-
CoV-2 Infections: A Prospective Cohort Study Among Swiss Schoolchildren. Frontiers in pediatrics.
2021: 832. https://doi.org/10.3389/fped.2021.710785 PMID: 34485200

Kraay AN, Nelson KN, Zhao CY, Demory D, Weitz JS, Lopman BA. Modeling serological testing to
inform relaxation of social distancing for COVID-19 control. Nature communications. 2021 Dec 3; 12
(1):1-0.

Peeling RW, Wedderburn CJ, Garcia PJ, Boeras D, Fongwen N, Nkengasong J, et al. Serology testing
in the COVID-19 pandemic response. The Lancet Infectious Diseases. 2020 Sep 1; 20(9):245-9.
https://doi.org/10.1016/S1473-3099(20)30517-X PMID: 32687805

Winter AK, Hegde ST. The important role of serology for COVID-19 control. The Lancet Infectious Dis-
eases. 2020 Jul 1; 20(7):758-9. https://doi.org/10.1016/S1473-3099(20)30322-4 PMID: 32330441

Van Honacker E, Coorevits L, Boelens J, Verhasselt B, Van Braeckel E, Bauters F, et al. Sensitivity and
specificity of 14 SARS-CoV-2 serological assays and their diagnostic potential in RT-PCR negative
COVID-19 infections. Acta Clinica Belgica. 2020 Dec 24:1-6. https://doi.org/10.1080/17843286.2020.
1861885 PMID: 33350362

Muench P, Jochum S, Wenderoth V, Ofenloch-Haehnle B, Hombach M, Strobl M, et al. Development
and validation of the Elecsys anti-SARS-CoV-2 immunoassay as a highly specific tool for determining
past exposure to SARS-CoV-2. Journal of Clinical Microbiology. 2020 Aug 3; 58(10):e01694—20.
https://doi.org/10.1128/JCM.01694-20 PMID: 32747400

Mallah SI, Ghorab OK, Al-Salmi S, Abdellatif OS, Tharmaratnam T, Iskandar MA, et al. COVID-19:
breaking down a global health crisis. Annals of clinical microbiology and antimicrobials. 2021 Dec; 20
(1):1-36.

Mallah Sl, Ghorab OK, Al-Salmi S, Abdellatif OS, Tharmaratnam T, Iskandar MA, et al. COVID-19:
breaking down a global health crisis. Ann Clin Microbiol Antimicrob. 2021; 20(1):35. https://doi.org/10.
1186/s12941-021-00438-7 PMID: 34006330

You D, Lindt N, Allen R, Hansen C, Beise J, Blume S. Migrant and displaced children in the age of
COVID-19: How the pandemic is impacting them and what can we do to help. Migration Policy Practice.
2020 Apr; 10(2).

Gudina EK, Gobena D, Debela T, Yilma D, Girma T, Mekonnen Z, et al. COVID-19 in Oromia Region of

Ethiopia: a review of the first 6 months’ surveillance data. BMJ Open. 2021 Mar 1; 11(3):e046764.
https://doi.org/10.1136/bmjopen-2020-046764 PMID: 33782023

Lordan R, Prior S, Hennessy E, Naik A, Ghosh S, Paschos GK, et al. Considerations for the safe opera-
tion of schools during the coronavirus pandemic. Frontiers in public health. 2021; 9. https://doi.org/10.
3389/fpubh.2021.751451 PMID: 34976917

Viner RM, Bonell C, Drake L, Jourdan D, Davies N, Baltag V, et al. Reopening schools during the
COVID-19 pandemic: governments must balance the uncertainty and risks of reopening schools
against the clear harms associated with prolonged closure. Archives of disease in childhood. 2021 Feb
1; 106(2):111-3. https://doi.org/10.1136/archdischild-2020-319963 PMID: 32747375

Gudina EK, Ali S, Girma E, Gize A, Tegene B, Hundie GB, et al. Seroepidemiology and model-based
prediction of SARS-CoV-2 in Ethiopia: longitudinal cohort study among front-line hospital workers and

PLOS ONE | https://doi.org/10.1371/journal.pone.0280801 February 3, 2023 16/18


https://doi.org/10.1371/journal.pone.0260189
http://www.ncbi.nlm.nih.gov/pubmed/34788344
https://doi.org/10.1016/S0140-6736%2821%2900622-X
http://www.ncbi.nlm.nih.gov/pubmed/33713595
https://doi.org/10.7189/jogh.11.05013
http://www.ncbi.nlm.nih.gov/pubmed/34326997
https://doi.org/10.1136/bmjopen-2021-052690
https://doi.org/10.1136/bmjopen-2021-052690
http://www.ncbi.nlm.nih.gov/pubmed/34732489
https://doi.org/10.1016/j.ijid.2021.07.060
http://www.ncbi.nlm.nih.gov/pubmed/34332088
https://doi.org/10.3389/fped.2021.710785
http://www.ncbi.nlm.nih.gov/pubmed/34485200
https://doi.org/10.1016/S1473-3099%2820%2930517-X
http://www.ncbi.nlm.nih.gov/pubmed/32687805
https://doi.org/10.1016/S1473-3099%2820%2930322-4
http://www.ncbi.nlm.nih.gov/pubmed/32330441
https://doi.org/10.1080/17843286.2020.1861885
https://doi.org/10.1080/17843286.2020.1861885
http://www.ncbi.nlm.nih.gov/pubmed/33350362
https://doi.org/10.1128/JCM.01694-20
http://www.ncbi.nlm.nih.gov/pubmed/32747400
https://doi.org/10.1186/s12941-021-00438-7
https://doi.org/10.1186/s12941-021-00438-7
http://www.ncbi.nlm.nih.gov/pubmed/34006330
https://doi.org/10.1136/bmjopen-2020-046764
http://www.ncbi.nlm.nih.gov/pubmed/33782023
https://doi.org/10.3389/fpubh.2021.751451
https://doi.org/10.3389/fpubh.2021.751451
http://www.ncbi.nlm.nih.gov/pubmed/34976917
https://doi.org/10.1136/archdischild-2020-319963
http://www.ncbi.nlm.nih.gov/pubmed/32747375
https://doi.org/10.1371/journal.pone.0280801

PLOS ONE

Escalating spread of SARS-CoV-2 infection after school reopening among students

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

communities. The Lancet Global Health. 2021 Nov 1; 9(11):e1517-27. https://doi.org/10.1016/S2214-
109X(21)00386-7 PMID: 34678196

Imamura T, Saito M, Ko YK, Imamura T, Otani K, Akaba H, et al. Roles of children and adolescents in
COVID-19 transmission in the community: A retrospective analysis of nationwide data in Japan. Fron-
tiers in pediatrics. 2021; 9. https://doi.org/10.3389/fped.2021.705882 PMID: 34447727

Viner RM, Mytton OT, Bonell C, Melendez-Torres GJ, Ward J, Hudson L, et al. Susceptibility to SARS-
CoV-2 infection among children and adolescents compared with adults: a systematic review and meta-
analysis. JAMA pediatrics. 2021 Feb 1; 175(2):143-56. https://doi.org/10.1001/jamapediatrics.2020.
4573 PMID: 32975552

Ludvigsson JF. A systematic review of COVID-19 in children shows milder cases and a better prognosis
than adults. Acta pediatric. 2020 Jun; 109(6):1088-95.

Parcha V, Booker KS, Kalra R, Kranz S, Berra L, Arora G, et al. A retrospective cohort study of 12,306
pediatric COVID-19 patients in the United States. Scientific reports. 2021 May 13; 11(1):1-0.

Kim J, Choe YJ, Lee J, Park YJ, Park O, Han MS, et al. Role of children in the household transmission
of COVID-19. Archives of disease in childhood. 2021 Jul 1; 106(7):709-11.

Tessema SK, Nkengasong JN. Understanding COVID-19 in Africa. Nature Reviews Immunology. 2021
Aug; 21(8):469-70. https://doi.org/10.1038/s41577-021-00579-y PMID: 34168345

https://africacdc.org/download/generic-protocol-for-a-population-based-age-and-gender-stratified-
sero-survey-study-for-sars-cov-2/

Mutevedzi PC, Kawonga M, Kwatra G, Moultrie A, Baillie V, Mabena N, et al. Estimated SARS-CoV-2
infection rate and fatality risk in Gauteng Province, South Africa: a population-based seroepidemiologi-
cal survey. International journal of epidemiology. 2022 Apr; 51(2):404—-17. https://doi.org/10.1093/ije/
dyab217 PMID: 34718591

World Health Organization. Population-based age-stratified seroepidemiological investigation protocol
for COVID-19 virus infection, 17 March 2020. World Health Organization; 2020.

https://apps.who.int/iris/handle/10665/331656

Sit TH, Brackman CJ, Ip SM, Tam KW, Law PY, To EM, et al. Canine SARS-CoV-2 infection. Nature.
2020 Oct; 586(7831):776.

Rachmi CN, Agho KE, Li M, Baur LA. Stunting, underweight and overweight in children aged 2.0-4.9
years in Indonesia: prevalence trends and associated risk factors. PloS one. 2016 May 11; 11(5):
e€0154756. https://doi.org/10.1371/journal.pone.0154756 PMID: 27167973

ERENSOQY S. COVID-19 pandemisinde SARS-CoV-2 ve mikrobiyolojik tani dinamikleri. Mikrobiyoloji
Bulteni. 2020; 54(3):497-509.

Carlton LH, Chen T, Whitcombe AL, McGregor R, Scheurich G, Sheen CR, et al. Charting elimination in
the pandemic: a SARS-CoV-2 serosurvey of blood donors in New Zealand. Epidemiology & Infection.
2021; 149. https://doi.org/10.1017/S0950268821001643 PMID: 34668464

Wiencek JR, Head CL, Sifri CD, Parsons AS. Clinical ordering practices of the SARS-CoV-2 antibody
test at a large academic medical center. InOpen Forum Infectious Diseases 2020 Oct (Vol. 7, No. 10, p.
ofaa406). US: Oxford University Press.

Yousaf AR, Cortese MM, Taylor AW, Broder KR, Oster ME, Wong JM, et al. Reported cases of multi-
system inflammatory syndrome in children aged 12-20 years in the USA who received a COVID-19
vaccine, December, 2020, through August, 2021: a surveillance investigation. The Lancet Child & Ado-
lescent Health. 2022 May 1; 6(5):303—-12. https://doi.org/10.1016/S2352-4642(22)00028-1 PMID:
35216660

Furuya AK, Wagner C, Connors J, Bodnar J, Miller T, Ryman NL, et al. Performance evaluation of anti-
body-based point-of-care devices intended for the identification of immune responses to SARS-CoV-2.
Diagnostic microbiology and infectious disease. 2021 Apr 1; 99(4):115298. https://doi.org/10.1016/j.
diagmicrobio.2020.115298 PMID: 33418405

Vickers NJ. Animal communication: when i'm calling you, will you answer too?. Current biology. 2017
Jul 24; 27(14):R713-5. https://doi.org/10.1016/j.cub.2017.05.064 PMID: 28743020

Andreano E, Paciello |, Marchese S, Donnici L, Pierleoni G, Piccini G, et al. Anatomy of Omicron BA. 1
and BA. 2 neutralizing antibodies in COVID-19 mRNA vaccinees. Nature communications. 2022 Jun
13;13(1):1-8.

Meca-Lallana V, Aguirre C, Rio B, Cardefioso L, Alarcon T, Vivancos J. COVID-19 in 7 multiple sclero-
sis patients in treatment with ANTI-CD20 therapies. Multiple sclerosis and related disorders. 2020 Sep
1; 44:1023086. https://doi.org/10.1016/j.msard.2020.102306 PMID: 32585617

Hui DS, Zumla A. Advances in the epidemiology, clinical features, diagnosis, clinical management and
prevention of coronavirus disease 2019. Current Opinion in Puimonary Medicine. 2022 May 1; 28
(3):166—73. https://doi.org/10.1097/MCP.0000000000000875 PMID: 35266905

PLOS ONE | https://doi.org/10.1371/journal.pone.0280801 February 3, 2023 17/18


https://doi.org/10.1016/S2214-109X%2821%2900386-7
https://doi.org/10.1016/S2214-109X%2821%2900386-7
http://www.ncbi.nlm.nih.gov/pubmed/34678196
https://doi.org/10.3389/fped.2021.705882
http://www.ncbi.nlm.nih.gov/pubmed/34447727
https://doi.org/10.1001/jamapediatrics.2020.4573
https://doi.org/10.1001/jamapediatrics.2020.4573
http://www.ncbi.nlm.nih.gov/pubmed/32975552
https://doi.org/10.1038/s41577-021-00579-y
http://www.ncbi.nlm.nih.gov/pubmed/34168345
https://africacdc.org/download/generic-protocol-for-a-population-based-age-and-gender-stratified-sero-survey-study-for-sars-cov-2/
https://africacdc.org/download/generic-protocol-for-a-population-based-age-and-gender-stratified-sero-survey-study-for-sars-cov-2/
https://doi.org/10.1093/ije/dyab217
https://doi.org/10.1093/ije/dyab217
http://www.ncbi.nlm.nih.gov/pubmed/34718591
https://apps.who.int/iris/handle/10665/331656
https://doi.org/10.1371/journal.pone.0154756
http://www.ncbi.nlm.nih.gov/pubmed/27167973
https://doi.org/10.1017/S0950268821001643
http://www.ncbi.nlm.nih.gov/pubmed/34668464
https://doi.org/10.1016/S2352-4642%2822%2900028-1
http://www.ncbi.nlm.nih.gov/pubmed/35216660
https://doi.org/10.1016/j.diagmicrobio.2020.115298
https://doi.org/10.1016/j.diagmicrobio.2020.115298
http://www.ncbi.nlm.nih.gov/pubmed/33418405
https://doi.org/10.1016/j.cub.2017.05.064
http://www.ncbi.nlm.nih.gov/pubmed/28743020
https://doi.org/10.1016/j.msard.2020.102306
http://www.ncbi.nlm.nih.gov/pubmed/32585617
https://doi.org/10.1097/MCP.0000000000000875
http://www.ncbi.nlm.nih.gov/pubmed/35266905
https://doi.org/10.1371/journal.pone.0280801

PLOS ONE

Escalating spread of SARS-CoV-2 infection after school reopening among students

48.

49.

50.

51.

52.

53.

54.

55.

Ferrara P, Ponticelli D, Agiiero F, Caci G, Vitale A, Borrelli M, et al. Does smoking have an impact on
the immunological response to COVID-19 vaccines? Evidence from the VASCO study and need for fur-
ther studies. Public Health. 2022 Feb 1; 203:97-9. https://doi.org/10.1016/j.puhe.2021.12.013 PMID:
35038631

Haque A, Pant AB. Mitigating Covid-19 in the face of emerging virus variants, breakthrough infections
and vaccine hesitancy. Journal of Autoimmunity. 2022 Jan 1:102792. https://doi.org/10.1016/j.jaut.
2021.102792 PMID: 34995958

Harvey WT, Carabelli AM, Jackson B, Gupta RK, Thomson EC, Harrison EM, et al. SARS-CoV-2 vari-
ants, spike mutations and immune escape. Nature Reviews Microbiology. 2021 Jul; 19(7):409-24.
https://doi.org/10.1038/s41579-021-00573-0 PMID: 34075212

Zhang Y, Zhang H, Zhang W. SARS-CoV-2 variants, immune escape, and countermeasures. Frontiers
of Medicine. 2022 Mar 6:1-2. https://doi.org/10.1007/s11684-021-0906-x PMID: 35253097

Saxena SK, Kumar S, Ansari S, Paweska JT, Maurya VK, Tripathi AK, et al. Characterization of the
novel SARS-CoV-2 Omicron (B. 1.1. 529) variant of concern and its global perspective. Journal of medi-
cal virology. 2022 Apr; 94(4):1738—44. https://doi.org/10.1002/jmv.27524 PMID: 34905235

Ashford F, Best A, Dunn SJ, Ahmed Z, Siddiqui H, Melville J, et al. SARS-CoV-2 Testing in the Commu-
nity: Testing Positive Samples with the TagMan SARS-CoV-2 Mutation Panel To Find Variants in Real
Time. Journal of clinical microbiology. 2022 Apr 4; 60(4):€02408-21. https://doi.org/10.1128/jcm.
02408-21 PMID: 35369709

Lauring AS, Hodcroft EB. Genetic variants of SARS-CoV-2—what do they mean? Jama. 2021 Feb 9;
325(6):529-31. https://doi.org/10.1001/jama.2020.27124 PMID: 33404586

Un published guideline with title of School Reopening Guidance in the Context of COVID-19 Pandemic
in Ethiopia.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280801 February 3, 2023 18/18


https://doi.org/10.1016/j.puhe.2021.12.013
http://www.ncbi.nlm.nih.gov/pubmed/35038631
https://doi.org/10.1016/j.jaut.2021.102792
https://doi.org/10.1016/j.jaut.2021.102792
http://www.ncbi.nlm.nih.gov/pubmed/34995958
https://doi.org/10.1038/s41579-021-00573-0
http://www.ncbi.nlm.nih.gov/pubmed/34075212
https://doi.org/10.1007/s11684-021-0906-x
http://www.ncbi.nlm.nih.gov/pubmed/35253097
https://doi.org/10.1002/jmv.27524
http://www.ncbi.nlm.nih.gov/pubmed/34905235
https://doi.org/10.1128/jcm.02408-21
https://doi.org/10.1128/jcm.02408-21
http://www.ncbi.nlm.nih.gov/pubmed/35369709
https://doi.org/10.1001/jama.2020.27124
http://www.ncbi.nlm.nih.gov/pubmed/33404586
https://doi.org/10.1371/journal.pone.0280801

