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ARTICLE INFO ABSTRACT

Keywords: Background: The reported infection rates and burden of severe acute respiratory syndrome coronavirus 2 (SARS-
Anti-SARS-CoV-2 CoV-2) in low- and middle-income countries, including those in sub-Saharan Africa, are relatively low compared
Seroprevalence to the rates and burden in Europe and America, partly due to limited testing capability. Unlike many coun-

Low- and middle-income countries

- tries, Tanzania has implemented neither mass screening nor restrictive measures such as lockdowns to date. The
Sub-Saharan Africa

prevalence of SARS-CoV-2 infection in rural mainland Tanzania is largely unknown.

Rural

Tanzania Methods: A cross-sectional study was conducted between April and October 2021 to assess the anti-SARS-CoV-2
Immune surveillance seroprevalence among mother—child pairs (n = 634 children, n = 518 mothers) in a rural setting in north-eastern
Vaccination Tanzania.

Results: A very high prevalence of anti-SARS-CoV-2 antibody titres was found, with seroprevalence rates ranging
from 29% among mothers and 40% among children, with a dynamic peak in seropositivity incidence at the end
of July/early August being revealed. Significant differences in age, socioeconomic status, and body composition
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were associated with seropositivity in mothers and children. No significant associations were observed between
seropositivity and comorbidities, including anaemia, diabetes, malaria, and HIV.

Conclusions: The transmission of SARS-CoV-2 in a rural region of Tanzania during 2021 was high, indicating a
much higher infection rate in rural Tanzania compared to that reported in the UK and USA during the same period.
Ongoing immune surveillance may be vital to monitoring the burden of viral infection in rural settings without
access to molecular genotyping, where the load of communicable diseases may mask COVID-19. Surveillance
could be implemented in tandem with the intensification of vaccination strategies.

Introduction

Apart from South Africa [5], the epidemiology of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) in Africa is not well de-
scribed, and infection rates and the disease burden of coronavirus dis-
ease 2019 (COVID-19) are poorly understood. In many low- and middle-
income countries (LMICs), including Tanzania, diagnostic and epidemi-
ological surveillance systems are suboptimal [23]. Thus, it is plausible
that the transmission burden and dynamics have been underestimated,
and the impact on vulnerable populations is largely unknown. There-
fore, for effective control and management of COVID-19, there is an
immediate need for reliable data on SARS-CoV-2 infection and trans-
mission dynamics of the disease in LMICs.

While previous reports have indicated less clinical severity of COVID-
19 in LMICs (Simeni [13,34]), a recent systematic review illustrated
that the risk of infection and most significant impact of the pandemic
occurred in poorer countries [16]. In sub-Saharan African (SSA) coun-
tries, COVID-19 presents a serious health threat in terms of morbidity
and mortality, and has had a severe economic impact [39]. In Tanzania,
more than 46% of the population live on less than $2 USD per day, and
COVID-19 has adversely affected all economic sectors in the country
[38,39]. The pandemic continues to inflict a heavy toll on the already
fragmented healthcare system [40].

During the very early phases of the pandemic, the Tanzanian gov-
ernment initiated interventions to curtail SARS-CoV-2 transmission in-
cluding suspending large gatherings and introducing facemasks. How-
ever, the majority of such efforts were short-lived due to logistical chal-
lenges. By May 2020, no SARS-CoV-2 data from Tanzania were be-
ing relayed to the Centers for Disease Control and Prevention (CDC)
[20]. Furthermore, no mass screening, contact tracing, or restrictive
measures such as lockdowns have been implemented in Tanzania to
date. However, following the swearing-in of President Samia Suluhu
Hassan in March 2021, COVID-19 preventive strategies were revital-
ized with the formation of a National COVID-19 Taskforce. As of July
27, 2022, a total of 36 886 confirmed cases of COVID-19, including
841 deaths, had officially been reported from Tanzania [42]. Never-
theless, there are no reliable estimates on the burden of SARS-CoV-2
infection in Tanzania, which has an estimated population size of over
60 million [42].

The serological detection of specific anti-SARS-CoV-2 antibodies
is a valuable tool for understanding infection dynamics and the
epidemiology of SARS-CoV-2 [10]. Few population-based anti-SARS-
CoV-2 serological surveys have been conducted in the SSA coun-
tries [19,28,29,41]. The most extensive studies have been urban stud-
ies performed in South Africa (n = 1211)- and Zambia (n = 4258)
[21]. In both studies, the estimated number of SARS-CoV-2 cases
based on the presence of anti-SARS-CoV-2 antibodies was much higher
than the number of reported COVID-19 cases using other surveillance
platforms [5,32].

Currently, no estimate exists on the severity of the COVID-19 pan-
demic and the number of infections in rural Tanzania. This study was
therefore performed to investigate the anti-SARS-CoV-2 seroprevalence,
as well as antibody neutralizing capacity, in an unvaccinated population
cohort of mothers and children in a rural Tanzanian setting, from April
to October 2021. The potential socioeconomic and clinical factors influ-
encing seropositivity were also investigated.
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Methods
Study design

This population-based, cross-sectional study was conducted in the
districts of Korogwe and Handeni, Tanga Region, north-eastern Tanza-
nia, and covered 47 rural villages and seven peri-urban townships lo-
cated in Korogwe village. Peri-urban was defined as a village/township
with urban capacities including shops and schools, but retaining rural
characteristics such as substantial reliance on agricultural production.
The cohort included children aged 5-12 years and their mothers aged
21-59 years, who had previously participated in two longitudinal preg-
nancy studies: “Strategies TO Prevent Pregnancy Associated Malaria”
(STOPPAM) [31] and “Foetal exposure and epidemiological transition:
the role of anaemia in early life for non-communicable diseases in later
life” (FOETALforNCD) [11].

From April 26 to October 27, 2021, when the children were between
5 and 6 years of age (FOETALforNCD) and between 11 and 12 years of
age (STOPPAM), the child and mother pairs were invited to participate
in a follow-up health examination study (the PONA2 study). Trained
field workers made door-to-door visits to identify participants who had
previously participated in the STOPPAM and/or FOETALforNCD study.
The inclusion criteria were as follows: (1) mothers must have partici-
pated in the STOPPAM and/or FOETALforNCD study, (2) data on gesta-
tional age and/or birth weight should be available, (3) the child should
be enrolled in the PONA2 study examination for the mother to be en-
rolled (mothers could not participate without a child). If eligible, de-
tailed information of the study was provided, and those who provided
informed consent to participate (parent(s) or legal guardian consented
on behalf of the children) were enrolled in PONA2. To prevent viral
transmission during the data collection, participants presenting with
current common COVID-19 symptoms had their enrolment postponed
until they were symptom-free.

Ethical considerations

The study received ethical approval from the Tanzania Medical Re-
search Coordinating Committee (NIMR/HQ/R.8a/Vol. IX/3503, August
26 2020 and amendment number NIMR/HQ/R.8a/Vol. 1/970, Novem-
ber 12 2021). However, ethical approval for COVID-19 research was
not approved before the data collection was finished. Hence, it was not
possible to include COVID-19 testing and disease symptoms reporting as
part of the clinical examination. All study procedures were performed
according to good clinical and laboratory practices (GLC/GLP) and in ac-
cordance with the Declaration of Helsinki. All participants were treated
according to the Tanzanian national guidelines, and the project assisted
all participants in obtaining the best local medical care available if dis-
ease was diagnosed. The data sharing followed the Tanzanian Medical
Research Coordinating Committee ethical guidelines.

Sociodemographic and clinical information

At enrolment, sociodemographic data, including profession, educa-
tion, housing, main source of drinking water, and other lifestyle factors,
were collected in structured interviews. The previous medical history of
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both mothers and children was documented. Body composition (body
weight, body fat percentage, fat mass, and muscle mass) was estimated
by bioimpedance analysis methodology using a Tanita DC-400M anal-
yser (TANITA). Blood pressure was measured in a seated position on
the right arm (Omron Health Care Europe). Height was measured with
a stadiometer (precision 1 mm). Mid-upper arm circumference (MUAC)
was measured on the upper right arm at the midpoint of the acromion
process and the tip of the olecranon (precision 1 mm). Skinfold thickness
was measured using a Harpenden skinfold calliper (BATY International).
Waist circumference was measured just above the iliac crest in the hor-
izontal plane and hip circumference was measured at the point yielding
the maximum circumference over the buttocks, both using a standard
measuring tape to the nearest 1 mm. All anthropometric measurements
were collected using standard operating procedures. Finally, left and
right hand grip strength was measured for all mothers and all children
aged 11-12 years using a Saehan hand grip dynamometer (SAEHAN,
Korea).

Blood sample collection and processing

Venous blood was collected from both the children and mothers in
EDTA-coated plain and heparinized vacutainer tubes, and transported
at 2-8°C to the National Institute for Medical Research (NIMR) Ko-
rogwe Research Laboratory for further processing and laboratory anal-
yses. Plasma was separated within 2 hours of collection in a refriger-
ated centrifuge. All samples were stored at —80°C and later shipped on
dry ice to Rigshospitalet, Denmark for the detection of anti-SARS-CoV-2
antibodies by ELISA. High-sensitivity C-reactive protein (hs-CRP) was
measured in the Department of Clinical Biochemistry, Copenhagen Uni-
versity Hospital, using the Cobas 8000 c702 system (Roche Diagnostics).

At the study site, point-of-care diagnostics were performed on the
venous blood including the estimation of haemoglobin (Hb) (Sysmex
KX-21N), fasting blood glucose (HemoCue 301), and malaria rapid di-
agnostic test (mRDT) (ParaHIT or CareStart Malaria Pf). For participants
with a positive mRDT, the parasitaemia was confirmed by two indepen-
dent expert microscopists. HIV infection was tested with the Determine
HIV-1/2 test kit (Alere Ltd) and seropositive cases were confirmed using
the Unigold test kit (Trinity Biotech Plc). All tests were done according
to the manufacturer’s instructions.

Detection of total anti-SARS-CoV-2 antibodies

The detection of total antibodies against SARS-CoV-2 spike (S) pro-
tein and receptor binding domain (RBD) as a proxy of previous infection
in non-vaccinated individuals was performed using an in-house sand-
wich ELISA (S-ELISA) as described previously [10], with minor modi-
fications. Briefly, Nunc MaxiSorp 96-well plates (Thermo Fisher Scien-
tific) were coated with 0.5 pg/ml of RBD overnight at 4°C. The plates
were blocked for 1 hour with phosphate-buffered saline (PBS) + 0.05%
Tween (Merck) (PBS-T) followed by the addition of plasma samples at
1:2 dilution in PBS-T and incubated for 1 hour. A solution containing
0.5 pg/ml RBD biotinylated in PBS-T was applied and incubated for 1
hour. A solution of 1:16 000 horse radish peroxidase (HRP)-conjugated
high-sensitivity streptavidin (Pierce) in PBS-T was applied and incu-
bated for 1 hour. TMB-One (Kem-En-Tec) was used as a substrate and
plates were revealed for 5 minutes. The reaction was stopped using 0.3
M H,S0,, and optical density (OD) was measured using a Synergy HT
absorbance reader (Biotek Instruments) at 450-630 nm. A recombinant-
human IgG monoclonal antibody against protein S/RBD (Genscript) di-
luted 1:2000 in PBS-T was used as a positive control. A pool of unin-
fected/unvaccinated normal human serum was used as a negative con-
trol. Plates were washed three times in PBS-T between steps, and incu-
bations were performed while shaking at room temperature. The assay
positivity threshold was set to OD >0.1585.
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Quantitative determination of anti-SARS-CoV-2 antibody isotypes

Samples that were positive on the S-ELISA were further analysed for
the quantitative determination of IgG, IgM, and IgA levels using an in-
house ELISA-based assay, as described elsewhere [10,26].

ACE-2/RBD antibody inhibition measurement

A previously described in-house ELISA-based assay was used to study
the ability of the measured antibodies to prevent the binding of the S
protein and RBD to the host receptor angiotensin-converting enzyme
2 (ACE-2) [1]. A pool containing plasma from vaccinated individuals
(previously quantified into international units per millilitre (IU/ml) us-
ing The Working Reagent for anti-SARS-CoV-2 immunoglobulin 21/234,
NIBSC), diluted 1:50 in PBS-T, was used as a positive control. The assay
positivity threshold was set to 420 IU/ml.

Statistical analysis

The assessment of antibody isotypes and neutralization levels was
performed using GraphPad version 9.3.1 (GraphPad Software). IgG,
IgM, IgA, and neutralization levels were interpolated using non-linear
regression four-parameter curve fitting. IgG, IgM, and IgA results were
given in arbitrary units per millilitre (AU/ml), where the highest con-
centration of the calibrator was given a value of 200 AU/ml. Neutral-
ization results were given in IU/ml, where the highest concentration of
the calibrator was given a value of 520 IU/ml.

In the univariate analyses, normally distributed data (mean + stan-
dard deviation) were compared by Student t-test, while non-normally
distributed data (median and interquartile range) were compared by
Mann-Whitney U-test. Proportions of categorical data were compared
using Fisher’s exact test. Potential differences in socioeconomic and clin-
ical characteristics between seronegative and seropositive cases were
examined in separate analyses for the STOPPAM and FOETALforNCD
groups, due to the apparent age differences between these participants.

Results

Anti-SARS-CoV-2 seroprevalence in 5-12-year-old children and mothers in
rural north-eastern Tanzania

In total, 634 children and 513 mothers had a fasting venous blood
sample collected and were included in the SARS-CoV-2 antibody study
(n = 1147). Of note, 94 of the 634 children participated in the study
without their mothers, since the mothers were not available due to either
work, travelling, or being deceased. Among the 634 children, 45 were
siblings, including 13 twin pairs. One mother participated with three
children, of whom two were twins and one was a younger sibling. Hence,
21 sibling pairs and one sibling group of three children were included.

Among all participants (n = 1147), the overall anti-SARS-CoV-2 sero-
prevalence was 37.1%, with children having a seroprevalence of 39.0%
(n = 634) and mothers having a seroprevalence of 29.0% (n = 513)
(Table 1). Stratifying the children by age group and anti-SARS-CoV-2
seroprevalence, the seroprevalence was significantly higher among the
11-12-year-old children (43.3%) compared to the 5-6-year-old children
(33.0%) (Fisher’s exact test, p = 0.008). In the 11-12 years age group,
female children were more likely to be seropositive than male children
(50.5% vs 35.9%; Fisher’s exact test, p = 0.006).

Of the 513 mother—child pairs included, the majority had concor-
dant seroprevalence (positive vs negative), with 253 (49.3%) pairs being
negative and 89 (17.4%) pairs being positive. However, in 111 (21.6%)
mother—child pairs, the mother was seronegative and the child seropos-
itive; conversely, in 60 (11.7%) pairs, the mother was seropositive and
the child was seronegative for anti-SARS-CoV-2 antibodies.

Of the sibling pairs/groups, 14 pairs had concordant seroprevalence
and eight had divergent seroprevalence (negative vs positive). The ma-



O.A. Msemo, L. Pérez-Alds, D.T.R. Minja et al.

Table 1
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Anti-SARS-CoV-2 seroprevalence of total antibodies against SARS-CoV-2 protein receptor-binding domain in two
mother—child cohorts from Korogwe District, Tanga Region, Tanzania—April 26 to October 27, 2021

SARS-CoV-2 negative SARS-CoV-2 positive % positive

Children
FOETALforNCD cohort, 5-6 years old (n = 267)
STOPPAM cohort, 11-12 years old (n = 367)
In total (n = 634)

Mothers
PONA1 [Au?13] cohort (mean age 34.5 years, n = 222)
STOPPAM cohort (mean age 39.9 years, n = 291)
In total (n = 513)

179 88 33.0%
208 159 43.3%
387 247 39.0%
151 71 32.0%
213 78 26.8%
364 149 29.0%

A Seroprevalence of IgG against SARS-CoV-2 RBD of the spike protein in 5-12 year-old children from
Korogwe district, Tanga region, Tanzania, from April 26 to October 27, 2021, by date of blood sample collection
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B Seroprevalence of IgG against SARS-CoV-2 RBD of the spike protein in 21-59-year-old mothers from
Korogwe district, Tanga region, Tanzania, from April 26 to October 27, 2021, by date of blood sample collection
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Figure 1. Anti-SARS-CoV-2 seroprevalence of total immunoglobulin against SARS-CoV-2 RBD of the spike protein in (A) children aged 5-12 years, and (B) mothers
aged 21-59 years. An average of seven children and six mothers were examined on each date. Exact numbers of individuals by date are shown in Supplementary

Material Figure S1.

jority (96%) of the mother—child pairs enrolled were living in the same
households.

Date-specific and demographic effects on anti-SARS-CoV-2 seroprevalence

As shown in Figure 1 (further details in Supplementary Material
Figure S1), a clear rise in anti-SARS-CoV-2 seropositivity had occurred
among children (Figure 1A) and mothers (Figure 1B) by the end of
July/early August 2021.

Since the participants lived in 54 smaller villages (47 rural and seven
peri-urban, located in the periphery of Korogwe township), the numbers
of positive versus negative cases across the different villages were ex-
amined. The anti-SARS-CoV-2 seroprevalence was heterogeneous across
the villages, ranging from 0% in Kitifu and Kwamdulu, to 70% in
Michungwani. As highlighted in Figure 2, the villages located along the
main road between north and south through the study area, appeared to
have higher seropositivity rates than the villages in the periphery of the
main roads. The average anti-SARS-CoV-2 seroprevalence positivity in
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Figure 2. Overview of the villages included in
the study. Korogwe village consists of seven
smaller city areas that are not shown on the
map: Kilole, Magundi, Majengo, Manundu, Ma-
suguru, Mtonga, and Old Korogwe.
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Figure 3. Quantitative determination of IgG
antibody levels and neutralizing antibodies
against RBD in anti-SARS-CoV-2 seropositive
individuals. (A) IgG levels (log(AU/ml)) in
mothers aged 21-59 years and children aged 5—
12 years. (B) Levels of neutralizing antibodies
(log(1IU/ml)) measured in mothers aged 21-59
years and children aged 5-12 years. The hori-
zontal dashed line represents the assay positiv-
ity threshold. A p-value <0.05 was considered
statistically significant; **p < 0.01 by Mann-
Whitney U-test.
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the 47 villages characterized as rural was 40% for children and 27.5%
for mothers, and hence higher than in the seven villages characterized
as peri-urban, with seropositivity of 25.5% and 21.5% for children and
mothers, respectively.

IgG, IgM, IgA antibody levels and neutralizing antibodies

Levels of IgM, IgA, and IgG and neutralizing antibodies against SARS-
CoV-2 were measured in plasma samples from the 396 individuals who
were identified as positive for total SARS-CoV-2 Ig. IgG was the most
abundant isotype when compared to IgM and IgA (Figure 3A, Supple-
mentary Material Figure S2). The mothers had higher levels of an-
tibodies and neutralizing antibody titres than the children (p < 0.01)
(Figure 3, Supplementary Material Figure S2).

Corresponding to the rise in seropositive cases experienced by the
end of July/early August 2021 (Figure 1), the levels of IgG antibodies
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against SARS-CoV-2 were also higher in both children and mothers dur-
ing this period of time (Supplementary Material Figure S3).

Associations between anti-SARS-CoV-2 seropositivity and socioeconomic
and clinical characteristics, and comorbidities

Among the older mothers, with a mean age of approximately 40
years (STOPPAM), but not among the younger mothers, with a mean
age of approximately 34.5 years (FOETALforNCD), several significant
differences were observed between the seropositive versus seronega-
tive women (Table 2). Specifically, it was observed that seropositive
women were more likely to rely on a public domestic water source,
such as a river, compared to the seronegative women, who were
more likely to have tap/well water available (p = 0.04) (Table 2).
There were no differences in ethnicity, rural vs peri-urban village, ed-
ucation level, profession, or monthly household income between the
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Table 2
Clinical characterization of the mothers
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PONA1 [Au?13] mothers

STOPPAM mothers

SARS-CoV-2 Negative =~ SARS-CoV-2 Positive

SARS-CoV-2 Negative =~ SARS-CoV-2 Positive

(n=151) n=71) p-Value (n=213) (n=178) p-Value

Age (years) 343+7.0 347 £ 6.4 0.69 39.8 +6.1 40.3+7.0 0.58
Ethnicity (n) 0.59 0.99

Sambaa 61 (40.4%) 24 (33.8%) 105 (49.3%) 41 (52.6%)

Zigua 50 (33.1%) 30 (42.3%) 47 (22.1%) 15 (19.2%)

Pare 7 (4.6%) 5 (7.0%) 0 (0.0%) 0 (0.0%)

Bondei 5 (3.3%) 2 (2.8%) 7 (3.3%) 2 (2.6%)

Others 28 (18.5%) 10 (14.1%) 53 (24.9%) 20 (25.7%)
Main source of water 0.07 0.04*
()

Tap 100 (66.2%) 57 (80.3%) 147 (69.0%) 46 (59.0%)

Well 15 (9.9%) 6 (8.5%) 39 (18.3%) 12 (15.4%)

River 36 (23.8%) 8 (11.3%) 26 (12.2%) 20 (25.6)
Rural vs peri-urban Rural (95.4%) Rural (97.2%) 0.72 Rural (82.2%) Rural (82.1%) 1.00
village (%)
Educational level 0.35 0.14

None 17 (11.3%) 9 (12.7%) 22 (10.3%) 3(3.9%)

Partial primary 19 (12.6%) 9 (12.7%) 39 (18.3%) 14 (18.0%)

Complete primary 104 (69.9%) 52 (73.2%) 138 (64.8%) 51 (65.4%)

Secondary or higher 11 (7.3%) 1 (1.4%) 14 (6.6%) 10 (12.8%)
Profession 0.13 0.66

Housewife 12 (8.0%) 4 (5.6%) 19 (8.9%) 7 (9.0%)

Farmer/livestock 117 (77.5%) 49 (69.0%) 143 (67.1%) 49 (62.8%)
keeper

Service 6 (4.0%) 2 (2.8%) 10 (4.7%) 5 (6.4%)

Busi- 14 (9.3%) 16 (22.5%) 38 (17.8%) 16 (20.5%)
ness/professional

Other 2 (1.3%) 0 (0.0%) 3 (1.4%) 1 (1.3%)
Household monthly 150 000 (70 000, 200 120 000 (60 000, 200 0.78 100 000 (50 000, 200 150 000 (100 000, 300 0.18
income (TZS)? 000) 000) 000) 000)
Height (cm) 155.6 + 5.8 154.9 + 6.3 0.42 156.1 + 5.9 157.0 + 5.5 0.26
Weight (kg) 58.4 (50.3, 70.9) 58.4 (50.7, 64.9) 0.62 56.8 (49.8, 68.2) 59.3 (54.1, 73.1) 0.03*
BMI (kg/m?) 24.0 (20.8, 29.3) 24.4 (20.7, 27.7) 0.88 23.2 (20.5, 28.2) 25.2 (21.3, 29.2) 0.051
Skinfold (mm) 20.0 (12.2, 30.0) 21.8 (15.9, 28.3) 0.40 19.8 (13.7, 28.1) 21.2 (16.9, 31.4) 0.04*
MUAC (cm) 30.4 +5.1 30.2 +4.3 0.77 29.8 +4.4 31.1 +4.8 0.03*
Total body fat (%) 319+77 324 +6.8 0.67 320+75 342 +6.8 0.02*
Muscle mass (kg) 38.4+5.4 37.7 £5.2 0.34 37.8 +4.9 39.5+5.7 0.02*
Right hand grip 61.9 +10.8 59.5+9.5 0.11 59.0 + 10.6 62.5 + 10.7 0.01*
strength (unit)
Left hand grip strength  58.6 + 11.3 57.5+10.8 0.50 56.9 +9.8 58.1+9.8 0.38
(unit)
Diastolic blood 78.6 +12.5 77.6 +12.3 0.60 81.8 +11.3 80.6 +11.8 0.42
pressure (mmHg)
Systolic blood pressure 121.0 (113.7, 130.5) 118.0 (109.7, 128.5) 0.13 123.5 (114.5, 134.0) 123.0 (113.5, 137.3) 0.99
(mmHg)
Fasting hs-CRP 1.55 (0.64, 3.70) 1.48 (0.59, 2.87) 0.46 1.29 (0.59, 3.14) 1.36 (0.71, 4.26) 0.22
(pmol/1)
Haemoglobin (g/dl) 125+1.6 125+ 1.4 0.94 12.7 + 1.8 12.7 £ 1.3 0.93
Anaemia (n) 9 (6.0%) 3 (4.2%) 0.76 10 (4.7%) 2 (2.6%) 0.52
Diabetes (1) 15 (9.9%) 6 (8.5%) 0.81 17 (8.0%) 3(3.9%) 0.30
Malaria (n) 3 (2.0%) 0 (0.0%) 0.55 4 (1.9%) 1 (1.3%) 1.00
HIV (n) 5(3.3%) 4 (5.6%) 0.47 7 (3.3%) 3 (3.9%) 0.43

Data are presented as the mean + standard deviation, median (interquartile range), or percentage. BMI, body mass index; hs-CRP, high sensitivity C-reactive
protein; MUAC, mid-upper arm circumference; TZS, Tanzanian Shilling. *Significant difference, p < 0.05.

@ Household monthly income was self-reported.

seropositive and seronegative mothers (Table 2). A higher weight and
body fat percentage, more muscle mass, larger MUAC and skinfold
thickness, and higher right hand grip strength were observed among
the older seropositive mothers compared to the seronegative ones
(p < 0.04) (Table 2).

Among the older children, it was observed that seropositive chil-
dren were slightly older, more likely to live in a rural compared to
a peri-urban village, and to use a river as the main water source,
when compared to the seronegative children (p < 0.02). Furthermore,
the seropositive children had a higher handgrip strength, similar to
what was observed for the seropositive mothers (p = 0.03). Finally,
children of the Sambaa ethnicity were more likely to be seropositive
(p = 0.01).
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Importantly, no associations were found between seropositivity and
other comorbidities, including anaemia, diabetes, malaria, and HIV, for
either the mothers or the children (Table 3).

Discussion

This is the first epidemiological study on anti-SARS-CoV-2 seropreva-
lence performed in the Tanzanian mainland. Between April and October
2021, a very high anti-SARS-CoV-2 seroprevalence was found, with the
seropositivity rate ranging from 29% to 40% in relatively young adult
women and 5-12-year-old children. Important epidemiological differ-
ences in seropositivity rates were found, including increased seropos-
itivity in female children and increased seropositivity with increas-
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Table 3

Clinical characterization of the children

LJID Regions 6 (2023) 48-57

PONA1 [Au?13] children (age 5-6 years)

STOPPAM children (age 11-12 years)

SARS-CoV-2 Negative

SARS-CoV-2 Positive

SARS-CoV-2 Negative

SARS-CoV-2 Positive

(n=179) (n=88) p-Value (n =208) (n=159) p-Value

Age (years) 54 +0.4 5.5+ 0.4 0.16 11.6 + 0.4 11.8 £ 0.4 0.001*
Sex, female 85 (47.5%) 46 (52.3%) 0.52 92 (44.2%) 94 (59.1%) 0.006*
Ethnicity (n) 0.52 0.01*

Sambaa 72 (40.2%) 6 (40.9%) 84 (44.4%) 84 (52.8%)

Zigua 3 (29.6%) 20 (22.7%) 40 (19.2%) 37 (23.3%)

Pare 10 (5.6%) 7 (8.0%) 12 (5.8%) 9 (5.7%)

Bondei 6 (3.4%) 6 (6.8%) 6 (2.9%) 2 (1.3%)

Others 38 (21.2%) 19 (21.6%) 66 (31.7%) 27 (17.0%)
Main source of water 0.83 0.003*
(m

Tap 126 (70.4%) 64 (72.7%) 147 (70.7%) 100 (62.9%)

Well 17 (9.5%) 6 (6.8%) 38 (18.3%) 21 (13.2%)

River 36 (20.1%) 18 (20.5%) 22 (10.6%) 38 (23.9%)
Rural vs peri-urban Rural (94.4%) Rural (98.9%) 0.11 Rural (77.9%) Rural (87.4%) 0.02*
village (%)
Household monthly 145 000 (70 000, 200 000) 150 000 (70 000, 300 0.47 100 000 (50 000, 200 000) 155 000 (100 000, 300 0.06
income (TZS)? 000) 000)
Primary school NA NA - 206 (99.0%) 158 (99.4%) 1.00
attendance
Height (cm) 106.9 + 5.4 107.8 £ 5.0 0.20 138.2+7.0 139.5+7.3 0.10
Weight (kg) 16.4 + 2.1 16.8 + 2.4 0.20 29.9 (26.9, 32.9) 30.2 (27.2, 33.9) 0.32
BMI (kg/m?) 143 +1.2 144+ 1.4 0.62 15.4 (14.7, 16.7) 15.7 (14.6, 16.7) 0.39
Skinfold (mm) 82+1.9 89+3.9 0.11 8.1 (6.5, 10.3) 8.5 (7.0, 10.9) 0.14
MUAC (cm) 16.0 +1.1 16.1 +1.3 0.23 19.1 (17.9, 20.3) 19.4 (17.9, 20.6) 0.50
Total body fat (%) 17.2 + 3.4 179+ 3.7 0.20 12.9 (10.7, 16.1) 13.5 (11.0, 18.0) 0.16
Muscle mass (kg) 127 £ 1.6 129+ 1.6 0.35 245+ 3.3 25.1 + 3.9 0.12
Right hand grip N.A. NA - 33.3+7.3 35.0+7.6 0.03*
strength (unit)
Left hand grip strength N.A. NA - 31.4+£6.9 33.0+74 0.03*
(unit)
Diastolic blood 66.3 +9.2 66.2 + 9.6 0.94 70.3 + 8.2 70.4 £ 8.1 0.90
pressure (mmHg)
Systolic blood pressure 101.9 + 10.2 100.5 +9.9 0.29 113.4+9.5 114.0 £ 9.3 0.50
(mmHg)
Fasting hs-CRP 0.72 (0.30, 1.65) 0.59 (0.30, 1.73) 0.63 0.58 (0.30, 1.66) 0.48 (0.30, 1.38) 0.33
(pmol/1)
Haemoglobin (g/dl) 121 +1.3 119+ 1.1 0.34 128 +1.3 12.8 +1.3 0.96
Anaemia (n) 5 (2.8%) 7 (8.0%) 0.07 2 (1.0%) 5 (3.1%) 0.25
Malaria (n) 15 (8.4%) 6 (6.8%) 0.81 13 (6.3%) 16 (10.1%) 0.24
HIV (n) 0 (0.0%) 0 (0.0%) - 0 (0.0%) 1 (0.6%) 0.43

Data are presented as the mean + standard deviation, median (interquartile range), or percentage. BMI, body mass index; hs-CRP, high sensitivity C-reactive
protein; MUAC, mid-upper arm circumference; NA, not applicable; TZS, Tanzanian Shilling. *Significant difference, p < 0.05 [Au?14].

2 Household monthly income was self-reported.

ing age, adiposity, and handgrip strength, and with lower socioeco-
nomic status. It was possible to document dynamic peaks in viral infec-
tions through anti-SARS-CoV-2 seroprevalence measurements, and the
data support that this may be an important tool when assessing pre-
vious SARS-CoV-2 infections in rural and non-tested/unvaccinated set-
tings, and is highly suitable for large-scale surveillance for SARS-CoV-2
antibodies [22].

High SARS-CoV-2 seroprevalence in rural north-eastern Tanzania

Tanzania reported its first laboratory-confirmed COVID-19 case on
March 15, 2020 [37], and by July 27, 2022, there had been 36 886
confirmed COVID-19 cases in Tanzania according to the World Health
Organization [42]. With a population of 59.7 million people [42], this
corresponds to an overall percentage of 0.06%, when conservatively as-
suming that all confirmed SARS-CoV-2 cases were Tanzanian residents
and none were diagnosed more than once. In an epidemiological setting,
seroprevalence estimates are useful for understanding the burden of
asymptomatic or subclinical infections that would not otherwise be de-
tected. Based on the average anti-SARS-CoV-2 seroprevalence of 37.1%
in the present study, the anti-SARS-CoV-2 seropositivity rate is hence
more than 700 times higher than the reported cases when considering
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the results from the rural north-eastern region to be projectable to the
entire country.

This seroprevalence of 37.1% is in line with the results of other stud-
ies performed in the same time period (January to August 2021) on
unvaccinated individuals in other SSA countries, including Mali with
a seropositivity of 58.5% (n = 2672) [28], Nigeria with a seropositiv-
ity of 42% (n = 802) [4], and Zambia where seropositivity increased
from approximately 13.5% in December 2020 to 35% in March 2021
(n = 2977) [32]. A recent similar study that was conducted on the two
main islands of Zanzibar showed a seroprevalence of almost 60% [30].
Finally, a very recently published article has reported the results of a
malariometric and SARS-CoV-2- survey performed in July 2021, which
was conducted in two villages in north-eastern Tanzania [18], one of
which — Mkokola — was also included in the present study; this previ-
ously published study reported a seropositivity rate of 32.5% (76/234)
in Mkokola, while in the present study the rate was 15.4% (16/104) for
the participants from this village.

The seroprevalence rates observed in this study and in other stud-
ies from SSA countries are substantially higher than those reported in
population-wide studies from the UK and the USA. One large US study
(n >2 million), also conducted during the second wave of the COVID-
19 pandemic, estimated approximately 18% of the entire US popula-
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tion to have infection-induced positive seroprevalence for SARS-CoV-
2-19 [Au?8] [14]. However, it is worth noting that contrary to other
SSA studies [4,28,41], the present study was conducted in a rural set-
ting with little demographic movement. Therefore, in larger cities and
urban regions with more opportunity for transmission, the anti-SARS-
CoV-2 seroprevalence is likely to be much higher than in rural areas. In
addition, our population was young compared to other large-scale SSA
studies in which older age groups and men were also included [5,32].

Surprisingly, the anti-SARS-CoV-2 seroprevalence was higher among
the children than among the mothers (39% vs 29%). This is in contrast
to previous studies from the same time period in South Africa, Mali,
and Zambia, which showed that seroprevalence increased with age and
was generally higher in adults than children (Simeni [5,21,28,34]). In
addition, the anti-SARS-CoV-2 seroprevalence in children in the present
study was much higher than that reported in paediatric populations else-
where. Specifically, a study conducted in South Africa after the second
wave reported a seroprevalence of 18% in children less than 5 years
of age [5]. Similarly, lower seroprevalence rates have been reported
in children in Zambia (4.0%) [21], Denmark (3.2%) [7], Germany (2—
10%) [35], and Canada (5.8%) [44]. However, recently a large study
from South Africa published the results from the omicron wave, and
showed that in both rural and urban areas, the largest increase in sero-
prevalence in this later time period was seen in children 13-18 years
of age compared to both younger and older age groups [15]. Data on
the SARS-CoV-2 seroprevalence among paediatric populations in rural
African settings are still limited. It appears that the present study is the
most extensive analysis showing individual-level paediatric SARS-CoV-
2 infection in SSA, with detailed clinical and socioeconomic data avail-
able. However, it remains unknown why a higher seroprevalence among
children was found in the rural setting of this study. It can be speculated
to be related to socioeconomic status and access to clean water, perhaps
in combination with different genetic backgrounds, which may increase
vulnerability to infection.

The current approach to SARS-CoV-2 testing in Tanzania is missing most
infections

The high anti-SARS-CoV-2 seropositivity in children and mothers re-
ported here may have important implications for the silent burden of
disease and transmission dynamics in the study area, where the major-
ity of the population were, and may still be, ignorant about the disease.
The uptake of COVID-19 vaccination in Tanzania is suspected to have
remained low, but there are no good estimates. It is also important to
note that the first SARS-CoV-2 vaccines reached Tanzania at the end of
July 2021. At that time, only healthcare workers and elderly Tanzanian
citizens were prioritized for vaccination. None of the participants in the
present study were offered SARS-CoV-2 vaccination while the data col-
lection was ongoing. - The study findings align with those of a recent
meta-analysis on socioecological, biophysical, and public health inter-
ventions in 47 African countries, which estimated that the African region
has had a similar number of SARS-CoV-2 infections when compared to
the rest of the world [3].

The higher than expected anti-SARS-CoV-2 seropositivity rate for
mothers and children in the present study is likely to be attributable
in part to continued viral transmission over the study period in this ru-
ral and peri-urban population, where no effective preventive strategies
were in place [25]. Indeed, a progressive increase in seropositivity was
found from April to August 2021 during the sample collection, indicat-
ing that active viral transmission from an unfolding COVID-19 wave
was occurring in rural north-eastern Tanzania during this period. How-
ever, the majority of the anti-SARS-CoV-2 seropositive cases from this
time period in our study may be speculated to have been asymptomatic,
since participants presenting with any of the common COVID-19 symp-
toms had their enrolment and clinical examination postponed in order
to prevent viral transmission during the data collection. Asymptomatic
individuals have been shown to transmit SARS-CoV-2 at similar levels to
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symptomatic ones [5]. Therefore, there is a need for surveillance of hos-
pitalizations, comorbidities, and scale-up of representative seropreva-
lence studies, as core response strategies. This continued viral transmis-
sion in rural areas in a context of low vaccine coverage creates room
for the emergence of viral variants of concern, suggesting that interven-
tions targeting asymptomatic individuals, including increased vaccine
coverage to reach children, are needed [33].

Being female and of school age is associated with a higher risk of being
SARS-CoV-2 seropositive

A higher prevalence of SARS-CoV-2 seropositivity was observed
among older children (11-12 years) when compared to their younger
counterparts (5-6 years). The older children were of school age, and at
the time of data collection, the majority were attending school. Hence,
the higher proportion of SARS-CoV-2 seropositivity among older chil-
dren may reflect age-dependent susceptibility to infection and differ-
ences in contact patterns between younger children [6]. The virus might
have predominantly spread from one child to another as they interacted
with each other with less protection in place. Indeed, a trend towards an
increased seropositivity rate was observed from April to June 2021 when
schools were open, with the rate dipping again in July as schools were
closed for the summer holidays. This is in line with a recent epidemio-
logical study from Kenya, which found that reopening schools between
the second and third waves led to only a minor increase in viral trans-
mission and that socioeconomic and urban-rural population structures
were critical determinants of the disease transmission [2]. Other factors
such as socioeconomic status, occupation of the children and parents,
and weather patterns might also have influenced transmission dynam-
ics; but these were beyond the scope of the current analysis.

The impact of sex on SARS-CoV-2 infection is somewhat inconsis-
tent and there is no general agreement about the impact of sex on an-
tibody generation and the prognosis in SARS-CoV-2 infection [12,27].
While several studies involving adult populations have reported higher
anti-SARS-CoV-2 antibody titres in women [9,27], other studies have re-
ported equivalent levels in both sexes [17]. The present study found that
SARS-CoV-2 seropositivity was higher in female children when com-
pared to male children. Previous studies have suggested that the im-
mune response to most pathogens is lower in men compared to women
[36]. Therefore, an increased capacity to mount a greater magnitude of
immune response against the infection in females as compared to males
may partly explain the difference between the sexes observed in this
study; however, this was not investigated. Other factors such as cultural
practices, for example different gender-specific roles, may lead to more
interaction among female children than among males, for instance, dur-
ing indoor household work and sharing beds and bed nets.

Clinical and socioeconomic differences between the anti-SARS-CoV-2
seropositive and seronegative cases

Understanding of the pathophysiology of COVID-19 and how SARS-
CoV-2 is transmitted and affects LMICs and vulnerable populations with
low socioeconomic status levels is still poor, which is a cause for con-
cern. This is not only due to the high and probably underestimated
SARS-CoV-2 transmission rates in these regions [3,23], but also because
such populations often live under a double burden of infectious diseases
and increasing risks of non-communicable diseases, including hyperten-
sion, diabetes, and obesity [24]. There is a noticeable lack of association
between seropositivity and comorbidities in this cohort, including HIV,
malaria, anaemia, and diabetes, which is not immediately easy to ex-
plain. This may be due to the young age of the participants, or simply
to sample size limitations, but could also reflect underlying important
biological processes. Nevertheless, this should be examined in future in-
vestigations that include men and elderly individuals. However, it was
found that participants who did not have a private water source but
relied on drinking water from the river were more likely to have had
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a previous SARS-CoV-2 infection. Further, it was found that the older
SARS-CoV-2 seropositive mothers had higher weight and body fat per-
centage, more muscle mass, larger MUAC and skinfold thickness, and
higher right hand grip strength compared to the seronegative mothers.
In addition, seropositive children also tended to be larger with more
adiposity than the seronegative children. Available data show that obe-
sity is a major risk factor for hospitalization and mortality related to
COVID-19 [8,43], which is in line with the present study results show-
ing increased adiposity among previously infected individuals. It could
also be speculated that obesity may be a risk factor for disease and/or
antibody acquisition too, which could explain why the results are not in-
dicative of any association between seropositivity and other underlying
conditions such as HIV and diabetes.

Limitations of the study

The data collection in this cross-sectional study took place from late
April to late October 2021, and due to the limited knowledge of viral
transmission in both Tanzania and neighbouring countries during this
time period, it remains unclear when specific waves of pandemic trans-
missions were occurring in the country and region. This means that it is
possible that mothers and children who participated in April may have
seroconverted before October. Additionally, the present study involved
only participants from a specific cohort and geographical area, hence
their clinical and socioeconomic characteristics might differ from those
of the general Tanzanian population. Furthermore, it is a limitation of
this study that neither male adults nor elderly people were included.
Therefore, the results should be interpreted with caution.

Conclusions

This study showed that SARS-CoV-2 transmission in Tanzania was
higher than previously reported, even in rural areas. Furthermore,
dynamic peaks in viral transmission can be documented through
seroprevalence, which could be an important epidemiological tool
when assessing previous SARS-CoV-2 infection in rural and non-
tested/unvaccinated settings without access to rapid molecular diag-
nostics. Finally, and importantly, this study showed differences in age,
socioeconomic status, and body composition between mothers and chil-
dren who previously had SARS-CoV-2 infection.

In this setting, continued surveillance is vital to monitor new circu-
lating viral variants, which pose a significant risk to vulnerable individ-
uals, as well as to further investigate comorbidities and the pathophys-
iology of COVID-19 in populations such as the one studied here. This
should be implemented in tandem with the intensification of vaccina-
tion strategies.
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