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a b s t r a c t 

Objective: To determine the seroprevalence of selected zoonotic viral hemorrhagic fevers (VHFs) and their 

associated risk factors in Tanzania. 

Methods: Blood samples were collected from consenting outpatients and community members in eight 

districts selected from five ecological zones of Tanzania. Serum was harvested and tested for the presence 

of immunoglobulin G (IgG) and M (IgM) antibodies against Crimean-Congo hemorrhagic fever (CCHF), 

Ebola virus disease (EVD), Marburg virus disease (MVD), Rift Valley fever (RVF), and yellow fever (YF). 

Results: The presence of IgM and IgG antibodies against CCHF, EVD, MVD, RVF, and YF was detected in 

64 of 500 samples (12.8%). The prevalences of IgM and IgG antibodies to CCHF, EVD, MVD, RFV, and YF 

were 2.0%, 3.4%, 1.2%, 4.8%, and 1.4%, respectively. Contact with wild animals (OR = 1.2, CI = 1.3–1.6) and 

keeping goats (OR = 1.3, CI = 1.5–1.9) were significantly associated with RVF, while contact with bats 

(OR = 1.2, CI = 1.1–1.5) was associated with MVD. 

Conclusion: The findings of this study provide evidence of exposure to CCHF, EVD, MVD, RVF, and YF 

in Tanzania. Since most of these VHFs occurred without apparent clinical forms of the disease, these 

findings call for the need to strengthen the surveillance system and management of febrile illnesses in 

Tanzania. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Viral hemorrhagic fevers (VHFs) are a group of zoonotic dis- 

ases caused by several distinct groups of viruses from the fam- 

lies Flaviviridae, Phenuiviridae, Arenaviridae , and Filoviridae . The 

HFs reported in Sub-Saharan Africa include Crimean-Congo hem- 
∗ Corresponding author: Dr. Leonard E.G. Mboera, SACIDS Foundation for One 

ealth, Sokoine University of Agriculture, P.O. Box 3297, Morogoro, Tanzania. 

el.: + 255754314701. 

E-mail addresses: sima.rugarabamu@sacids.org (S. Rugarabamu), 

aspary.mwanyika@sacids.org (G.O. Mwanyika), siaeli@gmail.com (S.F. Rumisha), 

sindato@gmail.com (C. Sindato), limhy0919@korea.kr (H.-Y. Lim), 

erald.misinzo@sacids.org (G. Misinzo), lmboera@gmail.com (L.E.G. Mboera). 

s

m

o

I

p

S

A

ttps://doi.org/10.1016/j.ijid.2021.07.006 

201-9712/© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Soc

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
rrhagic fever (CCHF), Ebola virus disease (EVD), Lassa fever (LF), 

ujo hemorrhagic fever (LUHF), Marburg virus disease (MVD), 

ift Valley fever (RVF), and yellow fever (YF) ( Bray, 2005 ; 

hangula et al., 2014 ; Iannetta et al., 2019 ; Mboussou et al., 2019 ).

he World Health Organization considers CCHF, EVD, MVD, and 

VF as being among the top 10 pathogens that pose the most 

ignificant risk to public health ( WHO, 2018 ). VHFs have become 

ore prevalent in Africa in recent years, causing either sporadic 

r large-scale epidemics ( Isaäcson, 2001 ; Nicastri et al., 2019 ; 

annetta et al., 2019 ; Rugarabamu et al., 2020 ). 

Ebola virus disease is the deadliest of the VHFs. It was first re- 

orted in the Democratic Republic of the Congo (DRC) and South 

udan in 1976, but later reported in several other countries in 

frica ( Rugarabamu et al., 2020 ). During the past decade, outbreaks 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.ijid.2021.07.006
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2021.07.006&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sima.rugarabamu@sacids.org
mailto:gaspary.mwanyika@sacids.org
mailto:siaeli@gmail.com
mailto:csindato@gmail.com
mailto:limhy0919@korea.kr
mailto:gerald.misinzo@sacids.org
mailto:lmboera@gmail.com
https://doi.org/10.1016/j.ijid.2021.07.006
http://creativecommons.org/licenses/by-nc-nd/4.0/


S. Rugarabamu, G.O. Mwanyika, S.F. Rumisha et al. International Journal of Infectious Diseases 109 (2021) 174–181 

o

(  

b

h

(  

r

M

d

2  

D  

K  

2

g

(

S

l

s

a

a

t

s

c

v

(

D

a

B  

s

C

l

u

c

l

e

a

d

t

(

p

r

z

M

S

c

t

e

q

t

a

h

r

3

s

o

a

t

a

(

t

T

p

a

i

t

c

f

z  

a

a

e  

2

i

p

d

d

(

a

n

b  

M

(

a  

n

v

a

c

c

c

p

l

l

c

p

N

S

t

z

t

l

c

i

r

s

Z

s

T

d

Z  

d  

Z

o

s

c

s

D

T

c

f MVD in Africa have been reported in DRC, Kenya, and Uganda 

 Smith et al., 1982 ; Nyakarahuka et al., 2019 ). While LUHF has

een reported in South Africa ( Briese et al., 2009 ), LF outbreaks 

ave been reported in Nigeria, Sierra Leone, Guinea, and Liberia 

 Keïta et al., 2019 ). Of the viral hemorrhagic fevers, RVF has been

eported most widely in Africa, including Egypt, Gambia, Kenya, 

adagascar, Mauritania, Mayotte, Niger, Somalia, South Africa, Su- 

an, Tanzania, and Uganda ( Adam et al., 2010 ; LaBeaud et al., 

010 ; Hassan et al., 2011 ; Aradaib et al., 2013 ; Archer et al., 2013 ;

rake et al., 2013 ; Himeidan et al., 2014 ; Sindato et al., 2014 ;

enawy et al., 2018 ; Cook et al., 2017 ; Jansen van Vuren et al.,

018 ; WHO, 2019 ). Yellow fever has been recently reported in An- 

ola, DRC, Ethiopia, Kenya, Nigeria, Republic of Congo, and Uganda 

 Kwagonza et al., 2018 ; Tsegaye et al., 2018 ; Iannetta et al., 2019 ). 

Despite the widespread occurrence of VHFs, the true burden in 

ub-Saharan African countries is still not sufficiently known. The 

ow incidence of VHFs and their non-specific initial clinical pre- 

entations make diagnosis difficult. This partly affects the man- 

gement of febrile illnesses because, in addition to VHFs, there 

re several diseases that are characterised by fever as one of 

he manifestations ( Bannister, 2010 ). Some studies have reported 

erological responses to VHFs in asymptomatic individuals from 

ountries where no outbreaks were reported, suggesting that VHF 

iruses have a broader range of hosts and geographical locations 

 Fhogartaigh and Aarons, 2015 ; Malvy et al., 2019 ). Studies in 

RC and Nigeria have reported a seroprevalence of 2% for EVD 

nd MVD in apparently healthy individuals ( Tomori et al., 1988 ; 

ausch et al., 2003 ; Moyen et al., 2015 ). On the other hand,

tudies in Cameroon, Central African Republic, Chad, Republic of 

ongo, Equatorial Guinea, and Gabon have reported low preva- 

ences of CCHF, RVF, LF, EVD, and MVD among the general pop- 

lation ( Gonzalez et al., 1989 , 20 0 0 ). 

VHFs are becoming a major public health problem partly be- 

ause of increasing interconnectedness and ease of travel in African 

ocations characterized by low diagnostic capacity and functional 

pidemiological surveillance, inadequate infection control practices 

t healthcare facilities, and weak vector control programmes. Un- 

erstanding their local epidemiology is critical to guiding differen- 

ial diagnoses and evidence-based clinical management and control 

 Beeching et al., 2014 ). Our study aimed to determine the sero- 

revalence of CCHF, EVD, MVD, RVF, and YF and their associated 

isk factors in selected districts, representing different ecological 

ones of Tanzania. 

ethods 

tudy areas and design 

Eight districts were selected for the study using a multistage 

luster sampling design. Initially, the ecological zones of the coun- 

ry were identified and categorized based on rainfall patterns, veg- 

tation, land-use patterns, and altitude. The country was subse- 

uently divided into five distinct ecological zones. Zone 1 included 

he western areas, with tropical forest, a unimodal rainfall pattern, 

nd altitude < 2300 m above sea level. Zone 2 was the southern- 

ighland area, with high precipitation, tropical forest, a bimodal 

ainfall pattern, low temperatures, and elevation > 2300 m. Zone 

 was the northeastern area, with a bimodal rainfall pattern and 

easons of high temperatures. Zone 4 comprised the central part 

f the country, which is a semi-arid area characterized by moder- 

te precipitation and a unimodal rainfall pattern. Zone 5 included 

he Lake Victoria area, characterized by a bimodal rainfall pattern 

nd intermediate temperatures. 

RVF and CCHF have already been reported in Tanzania 

 Swanepoel et al., 1987 ; Sindato et al., 2014 ). Thus, characterizing 

he risk of occurrence of mosquito- and tick-borne viral diseases in 
175 
anzania has been associated with areas with suitable habitat for 

rimary vectors, including the coastal, western, southern-highland, 

nd Lake Victoria zones ( Mweya et al., 2016 ). Other high-risk areas 

nclude those located at low altitudes, experiencing high precipi- 

ation and bimodal rainfall, with proximity to forests, and where 

ontact with wild animals is prevalent; these are characteristic 

eatures of the northeastern, southern-highland and Lake Victoria 

ones of the country ( Sindato et al., 2014 , 2016 ). Although there

re limited data on the distribution of ticks in Tanzania, the avail- 

ble information suggests that they are widely distributed in differ- 

nt ecological zones of the country ( Swai et al., 2005 ; Kwak et al.,

014 ; Kerario et al., 2017 ). 

Individuals encroaching into forest areas for different activities, 

ncluding hunting and timber extraction, who are likely to be ex- 

osed to the preparation and consumption of bush meat or han- 

ling of dead primates, and/or who reside in areas that border high 

isease-risk areas are considered to be at increased risk for EVD 

 Bannister, 2010 ; Feldmann and Geisbert, 2011 ). These are the char- 

cteristic features of the Lake Victoria and western zones of Tanza- 

ia. In addition, exposure to fruit bat excreta in caves/mines has 

een reported as one of the risk factors for MVD ( Bannister, 2010 ;

ehedi et al., 2011 ). 

The selected districts were Buhigwe, Kalambo (Zone 1), Kyela 

Zone 2), Kilindi, Kinondoni (Zone 3), Kondoa, Mvomero (Zone 4), 

nd Ukerewe (Zone 5) ( Figure 1 ). In each district, three wards and

ine villages were selected to account for local ecological biodi- 

ersity variations. Ten households from each village were selected 

nd all eligible members ( ≥ 9 months old) of the household who 

onsented to participate were included. One hospital, two health 

entres, and four dispensaries were selected in each district. Re- 

ruitment was carried out at health facilities until the target sam- 

le was obtained. The geographical coordinates of the study vil- 

ages and health facilities were recorded. Blood samples were col- 

ected from selected consenting outpatients (facility settings) and 

ommunity members (at household level) following a protocol ap- 

roved by the Medical Research Coordinating Committee of the 

ational Institute of Medical Research in Tanzania. 

ample size calculation 

Based on the variations in ecology, the number of individuals 

o be included in the study was calculated independently for each 

one. Next, population-weighted samples were allocated among 

he districts. There is lack of accurate information on the preva- 

ence of these viruses in the study areas. Since fever is the main 

linical manifestation, a conservative approach was taken, utiliz- 

ng the regional and zonal prevalences of febrile populations, as 

eported in Tanzania (TMIS, 2017 ), to facilitate calculation. The re- 

pective fever prevalences for Zone 1, Zone 2, Zone 3, Zone 4, and 

one 5 were 23.9%, 19.9%, 20.1%, 18.1%, and 18.9%. A desired ab- 

olute precision of 5% was used, with a confidence level of 95%. 

he minimum estimated sample size was 492 individuals, broken 

own as follows: Zone 1, n = 127 (Buhigwe = 71; Kalambo = 55); 

one 2 (Kyela), n = 68; Zone 3, n = 121 (Kilindi = 61; Kinon-

oni = 59); Zone 4: n = 112 (Kondoa = 57; Mvomero = 54); and

one 5 (Ukerewe), n = 64. The sample size assumed a contingency 

f 10% to account for non-responses, refusals, or absence. Since this 

tudy planned to collect data in both households and health fa- 

ilities, a 50:50 split was allocated between these two sampling 

ettings. 

ata and sample collection 

This study was carried out between June and November 2018. 

he research team received guidance on the study objectives, pro- 

edures, research ethics, and data collection tools, and was in- 
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Figure 1. Map of Tanzania, showing the study districts. 
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olved in data collection and sampling of participants at the study 

ites. The study objectives were presented to officials in the re- 

pective study regions, districts, wards, and villages. Similarly, de- 

ails on the study, its importance, and the sampling approach were 

xplained to study participants prior to the signing of informed 

onsent forms. All age groups were targeted, except those under 9 

onths of age (potentially considered to have maternally derived 

mmunity against VHF). 

Using a semi-structured questionnaire programmed into the 

fyaData app installed on smartphones ( Karimuribo et al., 2017 ), 

ace-to-face interviews were conducted in Kiswahili (the na- 

ional language) to collect socio-demographic characteristics and 

pidemiological data on risk exposure practices. The socio- 

emographic characteristics collected included age, sex, occupa- 

ion, village, workplace, and area of residence. The potential expo- 

ure risk practices included contact with wild animals, consump- 

ion of game meat, having stagnant water around homes, and ex- 

erience of mosquito bites. 

Each participant was assigned a unique identification code to 

void direct identification. All study participants were examined 

or clinical manifestations suggestive of the targeted VHFs. Body 

emperature was recorded using a digital clinical thermometer. 

round 5 ml of blood was collected from adults and children > 

0 years, and 2 ml from children ≥ 9 months and ≤ 10 years of 

ge, by venepuncture with standard sterile technique. Malaria in- 

ection testing was performed on site using malaria rapid diagnos- 

ic test kits (CareStart TM Malaria HRP-2/pLDH; American Access Bio 

ompany, USA). The collected data were submitted to the server 

ocated at Sokoine University of Agriculture (SUA), while quality 

ssessment was conducted throughout the sampling period by ex- 

mining the data submitted to the server on a daily basis. 
e

176 
aboratory examination 

Serum was harvested from collected blood samples by cen- 

rifugation in the laboratory in the respective district hospitals. 

he samples were labelled using a unique identification num- 

er, archived, and stored in liquid nitrogen ( −196 °C) before be- 

ng transferred to the laboratory at SUA, where they were stored 

t −80 °C until examination. Aliquots of the sera were tested for 

he presence of human IgG and IgM antibodies against CCHF, EVD, 

VD, RVF, and YF using commercial ELISA kits, according to the 

anufacturer’s instructions (My BioSource, Inc., San Diego, CA, 

SA). 

ata analysis 

Data were cleaned and analysed using IBM SPSS Statistics for 

indows, version 23. Frequencies, medians, and associated in- 

erquartile ranges (IQRs) were calculated. The chi-square test (or 

isher’s test where relevant) was used to compare the proportions 

f VHF seropositivity by sex, age group, education level, and fever 

n the day of sample collection. Analysis of variance was used 

o compare means. To obtain the independent risk factors, all the 

ariables were entered in the multiple logistic regression model to 

stimate adjusted matched odds ratios and associated 95% confi- 

ence intervals (CI). The differences were considered statistically 

ignificant when the p -value was below 0.05. Statistical cut-off val- 

es for ELISA antibody analysis were determined according to the 

anufacturer’s instructions, using the average optical density value 

f the negative control wells + 0.15. The assay performance was 

onsidered effective when both the intra-assay and inter-assay co- 

fficients of variability (CV) were less than 15%. 
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Table 1 

Socio-demographic characteristics of study participants by district 

Characteristics Buhigwe Kalambo Kyela Kinondoni Kilindi Kondoa Mvomero Ukerewe Total 

Sex n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

Female 37 (51.4) 35 (59.3) 42 (62.7) 32 (61.5) 41 (53.2) 24 (49.0) 37 (62.7) 43 (66.2) 291 (58.2) 

Male 35 (48.6) 24 (40.7) 25 (37.3) 20 (38.5) 36 (46.8) 25 (51.0) 22 (37.3) 22 (33.8) 209 (41.8) 

Age (years) 

0–15 16 (22.2) 4 (6.8) 12 (17.9) 3 (5.8) 8 (10.4) 5 (10.2) 12 (20.3) 12 (18.5) 72 (14.4) 

16–30 17 (23.6) 24 (40.7) 24 (35.8) 16 (30.8) 22 (28.6) 16 (32.6) 16 (27.1) 16 (24.6) 151 (30.2) 

31–45 22 (30.6) 15 (25.4) 18 (26.8) 15 (28.8) 22 (28.6) 16 (32.6) 11 (18.6) 17 (26.2) 136 (27.2) 

46–60 15 (20.8) 16 (27.1) 10 (14.9) 10 (19.2) 25 (32.4)) 9 (18.4) 16 (27.2) 16 (24.6) 117 (23.4) 

≥ 61 2 (2.8) 0 3 (4.5) 8 (15.3) 0 3 (6.2) 4 (6.8) 4 (6.1) 24 (4.8) 

Education level 

None 25 (34.7) 17 (28.8) 15 (22.4) 6 (11.5) 27 (35.1) 10 (20.4) 14 (23.7) 14 (21.5) 128 (25.6) 

Primary 44 (61.1) 37 (62.7) 38 (56.7) 32 (61.5) 43 (55.8) 32 (65.3) 38 (64.4) 45 (69.2) 308 (61.6) 

Secondary 2 (2.8) 5 (8.5) 10 (14.9) 12 (23.1) 4 (5.2) 7 (14.3) 5 (8.5) 4 (6.2) 51 (10.2) 

College 1 (1.4) 0 3 (4.5) 2 (3.8) 3 (3.9) 0 2 (3.4) 2 (3.1) 13 (2.6) 

Main occupation 

Livestock keeping 1 (1.4) 3 (5.1) 5 (7.7) 3 (5.8) 12 (15.6) 12 (24.5) 2 (3.4) 2 (3.1) 40 (8.0) 

Business 1 (1.4) 2 (3.4) 1 (1.5) 11 (21.2) 10 (13.0) 3 (6.1) 3 (5.1) 2 (3.1) 33 (6.7) 

Crop farming 48 (66.7) 41 (69.5) 39 (60.0) 8 (15.3) 38 (49.4) 18 (36.7) 32 (54.2) 40 (61.5) 264 (52.8) 

Employed 2 (2.8) 2 (3.4) 6 (9.2) 16 (30.8) 5 (6.5) 2 (4.0) 3 (5.1) 8 (12.3) 44 (8.9) 

Student 5 (6.9) 1 (1.7) 5 (7.7) 5 (9.6) 4 (5.2) 6 (12.2) 5 (8.5} 7 (10.8) 38 (7.7) 

Others 15 (20.8) 10 (16.9) 17 (27.2) 9 (17.3) 8 (10.3) 8 (16.3) 14 (23.7) 6 (9.2) 79 (15.9) 
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Table 2 

Number and percentage (%) of respondents with fever and malaria by 

district 

District No. of 

respondents 

No. (%) with 

fever 

No. (%) with 

malaria 

Buhigwe 72 22 (30.5) 7 (9.7) 

Kalambo 59 10 (16.9) 9 (15.3) 

Kyela 67 13 (19.4) 16 (23.8) 

Kinondoni 52 14 (26.9) 2 (3.8) 

Kilindi 77 21 (27.3) 3 (3.9) 

Kondoa 49 17 (34.6) 1 (2.0) 

Mvomero 59 18 (30.5) 6 (10.2) 

Ukerewe 65 17 (26.2) 12 (18.4) 

Total 500 132 (26. 4) 56 (11.2) 
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esults 

ocio-demographic characteristics 

A total of 500 participants from health facilities ( n = 259) and 

ouseholds ( n = 241) participated in the study ( Table 1 ). Over

alf (58.2%) of the study participants were females, and the overall 

ean age was 35 (SD ± 18.9) years. In all districts, over half (57.4%) 

f participants were in the 16–45 years of age category, followed 

y the older age group of those ≥ 46 years (28.2%). Less than two- 

hirds (60%) of participants had received primary school education. 

alf (51.9%) of the participants were crop farmers, while a small 

roportion (7%) were livestock keepers ( Table 1 ). 

linical findings 

Overall, 26.4% ( n = 132) were found to have fever during the 

linical examination. A total of 56 individuals (11.2%) tested posi- 

ive for malaria. Of those with fever, 56 (42.4%) tested positive for 

alaria. The prevalence of malaria was highest in Kyela (23.8%), 

ollowed by Ukerewe (18.4%) and Kalambo (15.3%). It was lowest 

mong individuals in Kondoa (2.0%). 

eroprevalence of VHFs 

Overall, the VHF antibodies were detected in 64 study partici- 

ants (12.8%). The seroprevalence was highest in Zone 1 (6.0%), fol- 

owed by Zone 3 (3.6%), Zones 4 and 5 (1.4%), and Zone 2 (Kyela;

.4%). The association between seroprevalence of VHFs and zone 

as found to be significant. District-wise, the highest seropreva- 

ence (all VHFs combined) was recorded in Buhigwe (4.4%; n = 22), 

ollowed by Kinondoni (2.8%; n = 14) ( Table 2 ). 

The prevalence of the specific IgM and IgG antibodies against 

VF, EVD, MVD, CCHF, and YF were 4.8%, 3.4%, 1.2%, 2.0%, and 1.4%, 

espectively. Comparing the prevalences of IgG and IgM antibodies 

or specific diseases, there was a significant association between 

cological zone, geographical location, and seropositivity ( Table 3 ). 

cological zones 2, 4, and 5 showed no evidence of EVD, MVD, or 

F but low ( < 2%) IgG and IgM positivity against RVF and CCHF. 

cological zones 1 and 3 showed evidence of all tested viruses 

 Table 3 ). 

Significant differences were found between groups based on 

ge, sex, residence, sampling site, or those with and without fever. 
177 
he seroprevalence of IgM antibodies among participants with 

ever was higher (37%; n = 50) than in those without fever (11%; 

 = 14) ( p = 0.01). The majority of those with IgG seropositiv- 

ty (53%) were found in the health facility setting. Overall VHF 

eroprevalence was significantly lower among people infected with 

alaria than in those without malaria ( p = 0.004) ( Table 4 ). 

otential risk factors for VHF seropositivity 

In the multivariate analysis, three variables were identified 

s independent risk factors for VHF. Contact with wild animals 

OR = 1.2, CI = 1.3–1.6) and keeping goats (OR = 1.3, CI = 1.5–

.9) were significantly associated with RVF, while contact with bats 

OR = 1.2, CI = 1.1–1.5) was associated with MVD ( Table 5 ). 

iscussion 

This was the first serological survey of VHFs to include five 

iruses in eight districts from different ecological zones in Tanza- 

ia. Each district showed serological evidence of at least one virus, 

ith seroprevalences of 0.4–4.4%. Our results indicate that VHF in- 

ections are prevalent among human populations in Tanzania. The 

ighest VHF antibody seroprevalence was recorded in western Tan- 

ania, characterised by a unimodal rainfall pattern and an alti- 

ude below 2300 m. The lowest seroprevalence was observed in 

he semi-arid central Tanzania, characterized by moderate precip- 

tation and a unimodal rainfall pattern. VHF virus activity in the 

ountry’s diverse environments was significantly associated with 
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Table 3 

Seroprevalence (%) of IgG and IgM antibodies against RVF, CCHF, EVD, MVD VD , and YF by zone and district 

District/zone No. Table 2 

tested 

RVF CCHF EVD DVVD YF Overall p -value ∗

IgG IgM IgG IgM IgG IgM IgG IgM IgG IgM (IgG + IgM)% 

District 

Buhigwe 72 1 1 2 0 6 6 2 3 1 0 4.4 

Kinondoni 52 3 4 1 2 0 0 0 0 2 2 2.8 

Mvomero 59 1 1 0 0 0 0 0 0 0 0 0.4 

Kyela 67 0 1 1 0 0 0 0 0 0 0 0.4 0.001 

Kalambo 59 2 0 1 0 1 2 0 0 1 1 1.6 

Kondoa 49 2 1 1 1 0 0 0 0 0 0 1.0 

Kilindi 77 0 1 0 0 2 0 1 0 0 0 0.8 

Ukerewe 65 6 0 0 1 0 0 0 0 0 0 1.4 

Total 500 3.0 1.8 1.2 0.8 1.8 1.6 0.6 0.6 0.8 0.6 12.8 

Zone 

Zone 1 131 3 1 3 0 7 8 2 3 2 1 6.0 0.0017 

Zone 2 67 0 1 1 0 0 0 0 0 0 0 0.4 

Zone 3 129 3 5 1 2 2 0 1 0 2 2 3.6 

Zone 4 108 3 2 1 1 0 0 0 0 0 0 1.4 

Zone 5 65 6 0 0 1 0 0 0 0 0 0 1.4 

Total 500 3.0 1.8 1.2 0.8 1.8 1.6 0.6 0.6 0.8 0.6 12.8 

Key: RVF = Rift Valley fever; EVD = Ebola virus disease; MVD = Marburg virus disease; YF = yellow fever; CCHF = Crimean-Congo 

hemorrhagic fever; ∗Probabilities estimated using chi-square test. 

Table 4 

Seroprevalence of IgG and IgM antibodies against RVF, CCHF, EVD, MVD, and YF by socio-demographic and clinical characteristics 

Variable No. 

tested 

RVF CCHF EVD DVD YF Overall p -value ∗

IgG IgM IgG IgM IgG IgM IgG IgM IgG IgM (IgG + IgM)% 

Age (years) 0–15 72 2 1 2 0 1 2 1 2 – – 2.2 

16–30 151 6 3 2 2 3 2 1 1 3 2 5.0 0.91 

31–45 136 3 1 1 2 3 4 1 – – 1 3.2 

46–60 117 2 3 1 – 1 – – – 1 – 1.6 

61–75 15 1 1 – – 1 – – – – – 0.6 

≥ 76 9 1 – – – – – – – – – 0.2 

Sex Female 291 8 7 3 3 6 4 1 1 3 2 7.4 0.662 

Male 209 7 2 3 1 3 4 2 2 1 1 5.4 

Education level None 22 5 3 2 3 3 4 1 1 1 – 4.6 

Primary 29 7 2 2 1 5 2 2 2 3 3 5.8 

Secondary 10 2 4 1 – 1 2 – – – – 2.0 0.828 

College 2 1 – 1 – – – – – – – 0.4 

Residence Urban 279 10 4 3 3 4 4 2 2 2 2 7.2 

Rural 221 5 5 3 1 5 4 1 1 2 1 5.6 0.960 

Sampling location Household 241 4 3 2 2 2 4 2 2 2 0 4.6 

Facility 259 11 6 4 2 7 4 1 1 2 3 8.2 0.083 

Current fever Yes 132 11 5 5 4 7 5 2 3 3 3 9.4 

No 368 4 4 1 0 2 3 1 0 1 0 3.2 0.073 

Malaria Positive 56 2 0 1 0 2 1 2 2 2 0 2.4 

Negative 444 13 9 5 4 7 7 1 1 2 3 10.4 0.004 

Total 500 3.0 1.8 1.2 0.8 1.8 1.6 0.6 0.6 0.8 0.6 12.8 

Key: RVF = Rift Valley fever; EVD = Ebola virus disease; MVD = Marburg virus disease; YF = yellow fever; CCHF = Crimean-Congo hemorrhagic fever; 
∗Probabilities estimated using chi-square test. 
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ontact with wild animals generally, or specifically bats, and with 

eeping goats. However, in this study the seropositivity rate ap- 

eared not to be associated with overt clinical symptoms, sug- 

esting that VHF viruses may be less pathogenic in their natural 

ettings than commonly thought. Most human VHF diseases have 

een described in epidemic settings, involving atypical exposure 

odes ( Johnson, 1978 ; WHO, 1978 ). 

Serological evidence of RVF and CCHF has been reported con- 

istently for high-risk groups in Tanzania’s diverse ecological zones 

 Mohamed et al., 2010 ; Heinrich et al., 2012 ; Ahmed et al., 2018 ).

 significantly high proportion of YF, EVD, and MVD seropositivity 

dentified in our study expressed selected VHF group specificity, 

eacting with YF, EVD, and MVDVD strains. The observed seroposi- 

ivities for EVD and MVD in our study support those reported else- 

here in Africa in the absence of severe clinical manifestations, as- 

ociated with asymptomatic or mild infections, suggesting subclin- 

cal forms of the diseases ( Boisen et al., 2015 ; Brainard et al., 2016 ;

udodo et al., 2020 ). Similar low prevalences of VHFs (including 
178 
F, MVD, and EVD) have been reported in Ethiopia and Uganda 

 Tsegaye et al., 2018 ; Nyakarahuka et al., 2020 ). In a similar study

n Central African Republic (CAR), slightly higher prevalences of 

VD (5.3%) and MVD (2.4%) were reported ( Gonzalez et al., 20 0 0 ).

n a previous study in CAR, a relatively higher seroprevalence of 

VD (21.3%) but lower rates for MVD (3.1%) and CCHF (1.1%) were 

eported by Johnson et al. (1993) . Recently, Steffen et al. (2019) re- 

orted serological prevalences of 2.0–3.5% in the Republic of Congo 

nd DRC, and 1.3% in Cameroon. 

Given the high mortality and very low incidence of mild or sub- 

linical infections observed in previously reported outbreaks, the 

irus-specific reactions observed in our study might reflect distinct 

HFs strain activity. An alternative interpretation of our data could 

e that EVD and MVD VD induce the formation of group-reactive 

ntibodies of varying specificities depending upon the virus strain, 

ature of exposure, and host reactivity. Our study identified re- 

ctivity to IgG and IgM antibodies in some tested sera reflecting 

ast and recent exposure. This finding is supported by the obser- 
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Table 5 

Univariate and multivariate/logistic regression analysis of the association between exposure risk factors and seropositivity by infection 

Infection Exposure risk 

factor 

IgG 

+ ve 

IgG 

−ve 

IgM 

+ ve 

IgM 

−ve 

Univariate analysis Multivariate analysis 

OR (95% CI) p -value OR (95% CI) p -value 

RVF Contact with 

wild animals 

– – 5 (5.7) 82 (94.1) 1.1 (1.2–1.4) < 0.001 1.2 (1.3–1.6) < 0.0001 

Water bodies 

around home 

– – 46 (15.3) 254 (84.7) 0.926 (0.91–0.93) < 0.001 –

Livestock 

farming 

3 (1.4) 199 (98.6) – – 1.2 (1.1–1.4) 0.014 –

Business 5 (2.5) 195 (97.6) – – 1.7 (1.6–1.9) 0.019 –

Keeping goat 6 (0.6) 94 (99.4) – – 1.6 (1.5–1.7) 0.007 1.3 (1.5–1.9) 0.014 

CCHF Contact with 

wild animals 

4 (3.1) 125 (96.9) – – 1.1 (1.0–1.3) < 0.001 –

Consumption 

of raw milk 

4 (3.6) 107 (99.1) – – 1.2 (1.1 – 1.3) 0.006 –

Consumption 

of raw blood 

1 (16.6) 5 (83.4) – – 1 .1 (1L08–1.2) 0.003 –

EVD Handling dead 

primates 

– – 9 (23.6) 29 (98.2) 1.9 (1.8–2.2) < 0.001 –

MVD Handling dead 

primates 

8 (21.6) 29 (78.4) – – 1 (0.98–1.002) 0.087 –

Contact with 

bats 

2 (5.2) 36 (94.6) – – 1 (0.98–1.001) 0.23 1.2 (1.1–1.5) 0.04 

YF Use mosquito 

net 

3 (0.9) 312 (99.1) 3 (o.95) 312 (99.05) 1 (0.1–1.0021) 0.073 –

Key: RVF = Rift Valley fever; EVD = Ebola virus disease; MVD = Marburg virus disease; YF = yellow fever; CCHF = Crimean-Congo hemorrhagic fever 
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f

ation that asymptomatic VHF infections have been found more 

requently in areas where the clinical cases have been reported 

 Chamberlin and Philippon, 2002 ). The specific characteristics of 

ndividual immunity leading to the production of specific antibod- 

es, and early and healthy inflammatory responses ( Rucker and Tie- 

ann, 2012 ), may explain the presence or absence of symptomatic 

resentations. Additionally, a population may have been exposed to 

n unidentified virus with low pathogenicity or produced asymp- 

omatic antibodies against various linear epitopes located in dif- 

erent structural and non-structural proteins of the virus (Johnson 

t al., 1993 ; Moyen et al., 2015 ). 

The findings of our study indicate a significantly lower sero- 

revalence of VHF among those infected with malaria. Concurrent 

alaria parasite and YF and RVF infections have been reported 

mong patients seeking care in Senegal ( Sow et al., 2016 ). A re-

ent study in Gabon reported a strong positive association between 

VD-specific IgG seropositivity and the presence of malaria para- 

ite infection, suggesting within-host interaction between the two 

athogens ( Abbate et al., 2020 ). There is currently limited infor- 

ation on the epidemiological link between exposure to various 

HF viruses and malaria. However, these findings confirm obser- 

ations by other studies ( Sow et al., 2016 ; Abbate et al., 2020 )

hat concurrent malaria and VHF virus infections are common, and 

hat they are most often likely to be missed during routine screen- 

ng for malaria because they are not included in the differential 

iagnosis. Our study also found out that people with VHF were 

ore likely to be identified in a health facility than in a house- 

old setting because health-seeking behaviours are more likely to 

ccur when individuals experience clinical symptoms ( Latunji and 

kinyemi, 2018 ; Zhang et al., 2020 ). 

Our findings indicated that contact with wild animals and keep- 

ng goats were significantly associated with RVF seropositivity. Do- 

estic and wild animals may play a role as maintenance hosts of 

VF virus, and serve as sources of the virus during inter-epidemic 

eriods, contributing to sporadic outbreaks ( Matiko et al., 2018 ; 

right et al., 2019 ; Lubisi et al., 2020 ). In a study in Kenya, risk

actors for RVF infection were found to include consumption or 

andling of products from sick animals, and being a herdsperson 

r handling aborted animal fetal material ( Anyangu et al., 2010 ). 

n our study, exposures relating to animal contact were associated 
f

179 
ith acute RVF infection, whereas exposures to mosquitoes were 

ot independent risk factors. In a previous study in Mbeya, Tan- 

ania, residence altitude, high vegetation density, and higher mini- 

um and lower maximum temperatures were associated with RVF 

irus positivity ( Heinrich et al., 2012 ). Our study also identified 

ontact with bats as a potential risk for MVD seropositivity, as re- 

orted previously by other studies ( Monath, 1999 ; Towner et al., 

007 ). Several studies in Africa have reported close interactions 

ith non-human primates and bats during outbreaks of MVD 

 Adjemian et al., 2011 ; Wood et al., 2012 ; Green, 2012 ). 

Our results showed that a considerable number of participants 

ad antibodies against VHF. This may not necessarily be generaliz- 

ble to the entire population. However, this is not surprising, given 

he high incidence of febrile illnesses of unknown origin reported 

n Tanzania ( Crump et al., 2013 ; Dalrymple et al., 2019 ). Continued

urveillance and intense epidemiological investigations are needed 

o evaluate VHF pathogenicity and the likelihood that unidentified, 

erologically cross-reacting, and non-pathogenic members of the 

HF families are present in Tanzania. Additionally, a significant as- 

ociation between seropositivity and region may have implications 

or future prevention strategies. 

The most likely limitations of our study, which may affect inter- 

retation of these findings, include the recall accuracy of answers 

o questions by the study’s participants during face-to-face inter- 

iews. The study was conducted during the dry season. Although 

osquito activity would have been lower during this period than 

n the wet season, the cross-sectional nature of the study did not 

ffer the opportunity to estimate the likely period/time of expo- 

ure to infection. Therefore, the presented serological results based 

n antibody detection were likely a reflection of cumulative expo- 

ure and should therefore be interpreted with caution. The estima- 

ion of virus-specific risk factors was based on models with a small 

ample size, which may have influenced their accuracy. 

onclusion 

Viral hemorrhagic fevers due to CCHF, EVD, MVD, RVF, and 

F viruses were found to be prevalent in Tanzania, and to vary 

rom one ecological zone to another. While RVF antibodies were 

ound in all eight districts, CCHF was detected in six districts, and 
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VD, MVD, and YF in four districts. Contact with wild animals and 

eeping goats were significantly associated with RVF seropositivity, 

hile contact with bats was a potential risk for MVDVD seropos- 

tivity. Our study provides evidence of exposure to CCHF, EVD, 

VD, RVF, and YF in Tanzania. These findings call for the need to 

trengthen the surveillance system and management of febrile ill- 

esses in Tanzania. 
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