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EXTENDED ABSTRACT

Viral haemorrhagic fevers (VHFs) are a group of infectious diseases caused by viruses
belonging to the Flaviviridae, Phenuiviridae, Arenaviridae, and Filoviridae families.
They are characterized by fever, a constellation of initially nonspecific signs and
symptoms, and a propensity for bleeding and shock. The VHFs reported in Sub-Saharan
Africa include Crimean-Congo haemorrhagic fever (CCHF), Ebola virus disease (EVD),
Lassa fever (LF), Lujo haemorrhagic fever (LUHF), Marburg virus disease (MVD), Rift
Valley fever (RVF), and yellow fever (YF). Knowledge surrounding the distribution and
risk of VHFs in Tanzania is limited. Accurate epidemiological information of VHFs is
critical to implementing appropriate control and prevention strategies. This study aimed
to determine the prevalence, risk of introduction, and factors associated with VHF in
Tanzania. The findings provided in this thesis consolidate our knowledge of the diseases
in Tanzania and the need for improved surveillance, early detection, and prompt
response.

The thesis is divided into two major approaches, namely systematic review and research
studies. A systematic review was undertaken to analyse EVD outbreak reports, identify
challenges and opportunities in detection and response in sub-Saharan Africa and
propose effective control approaches.

A research study was conducted to estimate the probability of introducing EVD from DRC
to Tanzania. This study involved collection of national data for flights, boats, and car
transport schedules from DRC to Tanzania covering a period between May 2018 to June
2019. A population study was carried out in all ecological zones of Tanzania to determine
the seroprevalence and associated risk of selected five VHFs. In this epidemiological
study, blood samples were collected from households and healthcare facilities in
Buhigwe, Kalambo, Kilindi, Kinondoni, Kondoa, Kyela, Mvomero, and Ukerewe districts
of Tanzania. The samples were screened for immunoglobulin G (IgG) and M (IgM)
antibodies against CCHF, EVD, MVD, RVF, and YF. The prevalence of VHF and malaria
co-infections was also determined among participants seeking care from health care
facilities. Malaria infections were investigated using rapid diagnostics tests (RDT). In
addition, Community knowledge, awareness and practices regarding VHF was assessed
in eight districts of Tanzania. Archived sera that tested positive for immunoglobulin IgG
antibodies to EBOV and RVFV using a commercially available ELISA were reanalysed
using the in-house EBOV whole antigen (WAg) and RVFV inhibition enzyme-linked
immunosorbent assay.

The findings of the systematic review indicate that between 1979 and 2020 a total of 34
EVD outbreaks affecting 34,356 cases and causing 14,823 deaths were reported in 11
countries in Sub-Saharan Africa. The overall case fatality rate (95% Cl) was 66%
(62 to 71) and this did not change substantially over time (OR in 2019 versus 1976=1.6
(95% CI 1.5 to 1.8), p<0.001). The challenges to control EVD outbreaks are related to
epidemiological, sociocultural and health system factors.

As regards to the risk of introduction of EVD from DRC to Tanzania, the findings indicate
that the most likely pathways were the entry of infected humans through air, land, and
water travels. The land border crossings were considered the most frequently used
means of travel (highest), while water and air travel were deemed less often (high).



High probabilities of introducing EVD from DRC to Tanzania were associated with the
viability of the pathogen and low detection capacity at the ports of entry.

The epidemiological survey indicated that the overall, CCHF, EVD, MVD, RVF, and YF
seroprevalence were 2.0%, 3.4%, 1.2%, 4.8%, and 1.4, respectively. The highest VHF
antibody seroprevalence was recorded in western Tanzania (6.0%), characterized by
unimodal rainfall pattern and altitude below 2,300m. The lowest seroprevalence (0.4%)
was observed in the semi-arid central Tanzania, characterized by moderate precipitation
and a unimodal rainfall pattern. The association between seroprevalence of VHFs and
geographical location was found to be significant (P= 0.001). Contact with wild animals
(OR = 1.2, CI = 1.3-1.6) and keeping goats (OR = 1.3, Cl = 1.5-1.9) were significantly
associated with RVF while contact with bats (OR = 1.2, Cl = 1.1-1.5) was associated with
MVD. The prevalence of VHF and malaria co-infections was 1.9%. The age group 46-60
years had the highest malaria co-infection p < 0.05. Over half (57%) of malaria and VHF-
infected individuals reported headaches, while over one-third (37%) reported muscle,
bone, back, and joint pains (p= 0.001).

All EBOV positive sera turned out to be negative by In-House WAg EBOV ELISA. Two of
the nine positive IgG RVF commercial ELISA samples were reactive to the RVF Inhouse
ELISA, with inhibitory rates ranging from 66% to 99.6%. A slight agreement was observed
between the RVF in-house and the commercial ELISA (kappa value, 0.08; 28%, 11/40 in
disagreement).

As regards to community, knowledge, attitudes and practice, slightly over a quarter
(29.4%) of the respondents was knowledgeable, 25% had a positive attitude, and 17.9%
had unfavourable practice habits. There were increased odds of having poor practice
among participants aged 36-45 years (AOR: 3.566, 95% CI: 1.593- 7.821) and those
living in Buhigwe, Kilindi and Ukerewe areas (AOR: 2.529, 95% CI: 1.071-6.657; AOR:
2.639, 95% CI: 1.130-7.580 AOR: 2.248, 95% CI: 1.073-3.844) than their peers.

In conclusion, Sub-Saharan Africa faces considerable challenges in EVD control,
whereby there are no significant changes in case fatality rates observed during the past
four decades. Socioeconomic and cultural factors need to be critically considered to
shape the community behaviours that lead to EVD outbreaks.

The risk of introducing EVD from DRC to Tanzania is high. Infected humans arriving via
land are the most likely pathway of EVD entry, and therefore, mitigation strategies should
be directed towards this pathway.

Although, CCHF, EVD, MVD, and YF outbreaks have not been reported in Tanzania, the
viruses are prevalent and vary from one ecological zone to another, with the western part
of the country at the highest risk. Co-infections of malaria and viral haemorrhagic fevers
are frequent in Tanzania. The rate was higher in the age group 46-60 years. Both malaria
and VHF presented with similar symptoms. There were increased odds of having poor
practice among participants aged 36—45 years (AOR: 3.566, 95% CI: 1.593— 7.821) and
those who reside in Buhigwe, Kilindi and Ukerewe areas (AOR: 2.529, 95% CI: 1.071-
6.657; AOR: 2.639, 95% CI: 1.130-7.580 AOR: 2.248, 95% CI: 1.073-3.844) than their
peers. According to the study, 29.4% of respondents were knowledgeable, 25% had a
positive mindset, and 17.9% had unfavourable practice habits.
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We found poor agreement between in-house and commercial ELISA tests for EBOV and
fair agreement between in-house and commercial ELISA tests for RVFV, with the
commercial ELISA detecting more cases than the validated in-house ELISA. The current
study emphasizes the difficulties in diagnosing viral hemorrhagic fever in Tanzania.

Frequent EVD outbreaks in DRC urge the need to intensify the surveillance system,
including laboratory screening of suspects, thermal screening of all arrivals from endemic
areas, and registering travellers within all the border entry points to prevent disease
importation. Equally important, there is a need for strengthening the sensitization and
awareness campaigns focusing on cross-border communities. The border healthcare
facilities need to be well equipped to ensure a high disease containment capacity.
The findings that VHFs are prevalent in Tanzania call for the need to strengthen the
surveillance system and management of febrile ilinesses in Tanzania. The discrepancy
was observed between validated in-house and commercial ELISA tests. Hence, the
serological results should be interpreted with caution and this emphasizes the challenges
related to the diagnosis of VHFs. Overall, broad-based, one-health approach, effective
communication, social mobilisation, and strengthening of the health systems need to be
addressed to prevent future outbreaks.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION
1.1 Viral haemorrhagic fevers

Viral haemorrhagic fever (VHF) was a term defined by Russian physicians in the 1940s
to describe a syndrome comprised of fever, which initially presents non-specific signs and
symptoms, and if not self-limited, progresses to bleeding and shock (Moses et al., 2012).
VHFs are caused by more than 30 viruses from four taxonomic families namely:
Filoviridae, Arenaviridae, Bunyaviridae, and Flaviviridae (Cleri et al., 2006). However, not
all members of these families are known to cause viral haemorrhagic fevers. The typical
characteristics of those causing viral haemorrhagic fever are zoonoses (Racsa et al.,
2016). Human infection often results in severe or fatal disease, while infection in the host
reservoir species is frequently mild or completely asymptomatic (Fox et al., 2002). While
viruses that cause VHFs are found worldwide, they are relatively restricted by the
distribution of their reservoir host species (Cobo et al., 2016). These viruses resides either
in an animal reservoir host or an arthropod vector, and they are totally dependent on their
host for survival. Rodents and arthropods are the main reservoirs for VHFs viruses,
although the hosts of some viruses (such as Ebola and Marburg) are still unknown
(Charles et al., 2001; Pigott et al., 2005; Cobo et al., 2016). The frequency with which
these species interact with humans combined with the number of pathogenic VHF viruses
in nature makes them significant threats to human health.

The transmission mode of VHFs is most often through a vector and intermediate host or
an animal reservoir. Infection is presumed to most often result from inadvertent contact
with virus-contaminated excreta of the reservoir, with inoculation into mucus membranes
or broken skin (Leffel et al., 2004). Some VHF viruses are arboviruses, spread to humans
by mosquitoes or ticks (Nichol et al., 2000). Aerosol transmission has also been
suggested for some viruses, but there are limited data to confirm or refute this route of
exposure reservoir (Nichol et al., 2000; Taylor et al., 2001). Secondary human-to-human
transmission occurs with many VHF viruses, usually through direct contact with
contaminated blood or body fluids (Ericsson et al., 2001). Infection probably occurs most
often through oral or mucous membrane exposure in the context of providing care to sick
family members in the community or patients in a healthcare institution or during funeral
rituals that entail the touching of the corpse prior to burial. Large outbreaks are almost
always the result of amplification in healthcare settings (Nichol et al., 2000; Wong et al.,
2007; Sanjuan et al., 2010). The risk of transmission during the incubation period or from
asymptomatic persons is negligible, although Studies reported some VHFs transmission
due to blood transfusion from an asymptomatic donor (Wong et al., 2007).

Although details of the pathophysiology vary with the specific virus, microvascular
instability and impaired haemostasis are the consistent hallmarks (Aleksandrowicz et al.,
2008). The interaction of the virus with immune cells, especially macrophages and
endothelial cells, results in cell activation and the unleashing of an inflammatory and
vasoactive process consistent with the system (Aleksandrowicz et al., 2008;
Moraz et al., 2011). The synthesis of cell surface tissue factors triggers the extrinsic
coagulation pathway (Aleksandrowicz et al., 2008). Impaired haemostasis may entail
endothelial cell, platelet, and coagulation factor dysfunction, depending upon the specific
infecting virus (Moraz et al., 2011).



The virus rapidly clears from the blood upon symptom resolution in survivors, but
clearance may be delayed (up to 3 months after acute infection) from a few
immunologically protected sites, such as the kidney, gonads, and chambers of the eye
(Dean et al., 2016). In contrast to the process described above, hantaviruses, yellow
fever, and dengue viruses are usually cleared from the blood prior to the most severe
phase of the disease (Niedrig et al., 2018). Viral haemorrhagic fevers affect in both sex
and all age groups, ranging from asymptomatic, mild to severe vascular permeability,
shock, multiple organ failure and death (Bausch et al., 2009). Incubation period ranging
from days to weeks, depending upon the infecting virus, the illness begins with fever and
other symptoms, including headache, myalgia, arthralgia, general malaise, anorexia, sore
throat, chest or lumbosacral and retrosternal pain (Cleri et al., 2006; Moses et al., 2012).
Gastrointestinal signs and symptoms including abdominal pain and tenderness, vomiting,
nausea, and epigastric, diarrhoea, and constipation follow within a few days of illness
(Racsa et al., 2016). Diarrhoea may become bloody in the severe stages of the disease
(Moses et al., 2012). Conjunctival injection or haemorrhage is frequent (WHO, 2016).
Depending on the specific VHF, skin rash, including morbilliform, maculopapular,
petechial, and ecchymotic, may be seen (Borrego et al., 2019). For severe cases,
patients progress to vascular instability that may be manifested by facial flushing,
oedema, bleeding, hypotension, shock, and proteinuria, occurring towards the end of the
first week of illness (Pittalis et al., 2009; Bente et al., 2009). The likelihood of clinically
discernible haemorrhage varies with the infecting virus. Hematemesis, melena,
haematochezia, petechiae, purpura, epistaxis, and bleeding from the gums may develop,
but haemoptysis and haematuria are infrequent (Jahrling et al., 2007; Singh et al., 2013).

The non-specific clinical manifestations of VHFs make a clinical diagnosis of single cases
extremely difficult, especially in the early stages, as the differential diagnosis is extremely
broad. The occurrence of clusters of cases with a compatible clinical syndrome, especially
involving healthcare workers, should raise suspicion of disease (Mansfield et al., 2015).
VHF should be considered among febrile patients with a compatible clinical syndrome
and history of travel and exposure, especially if the patient fails to respond to empiric
treatment for the usual infectious endemic disease. Although many VHF viruses may be
spread person-to-person, secondary attack rates are generally low as long as routine
universal precautions are maintained inpatient management (Moses et al., 2012). For
added safety, specialized VHF precautions are warranted when there is a confirmed case
or high index of suspicion. Treatment of VHF is generally supportive, following guidelines
for the management of septic shock (Coetzer et al., 2015). The antiviral drug ribavirin and
treatment with convalescent plasma have demonstrated efficacy in a few VHF cases.
With a few exceptions, vaccines for viruses that cause haemorrhagic fever remain
unavailable or lack well-documented efficacy (Falzarano et al., 2013).

1.2 Major viral haemorrhagic fevers

Viruses in the genera Ebola virus and Marburg virus in the family Filoviridae cause
"classical" haemorrhagic fever disease. Other viral families that cause VHFs include
Phenuiviridae (Rift Valley fever virus, Nairoviridae (Crimean-Congo Haemorrhagic Fever
virus, and Flaviviridae (Yellow fever virus) (Jahrling et al., 2007; Singh et al., 2013). All
these viruses comprise of RNA genome. RNA genome has plasticity characteristics
resulting from error-prone RNA-dependent RNA polymerases (RdRp), allowing for more
significant adaptive potential leading to increased fitness selection (Barr et al., 2016).



The effect of mutation rates can be seen with a Crimean-Congo Haemorrhagic Fever
virus variant, Europe 2, which infects many people in the Balkans, but rarely causes
illness (Hua et al., 2021). Only mild cases of illness have been associated with Europe 2
strains, while other CCHF virus strains circulating in the same region have caused several
thousand severe ilinesses (Papa et al., 2011; Sidira et al., 2012; Sargianou et al., 2013).
Similar results have been generated with high-fidelity mutants for the RVF virus, resulting
in decreased viability in viral progeny (Borrego et al., 2019). This implies that reducing
genetic diversity harms viral fitness in transmission from vector to host and for replication
within the vertebrate host itself (Forester et al., 2012).

1.2.1 Filoviruses

Ebola and Marburg viruses are single-stranded, negative-sense, and non-segmented
RNA viruses belonging to the family Filoviridae. The family Filoviridae belongs to the order
Mononegavirales and contains two genera namely, Ebolavirus and Marburgvirus. The
genome of filoviruses is approximately 19 kb long, composed of linear, non-segmented,
negative-sense, single-stranded RNA, and contains seven genes that encode structural
and non-structural proteins, arranged sequentially in the order NP, viral protein (VP) 35,
VP40, glycoprotein (GP), VP30, VP24 and polymerase (L) genes (Figure 1.1).These
filoviruses cause haemorrhagic fever in humans and nonhuman primates (Sanchez et al.,
2007). Most of the known filoviruses are endemic to Africa, with several different virus
species belonging to the genus Ebolavirus found in central and western African rain
forests, approximately within 10 degrees north and south of the equator (Groseth et al.,
2007).

The Marburg virus is commonly found in open dry areas of eastern and south-central
Africa (Peterson et al., 2004). Depending on the virus species and strain, Filoviruses are
lethal human pathogens known, with case fatality rates of up to 90% (Pittalis et al., 2009;
Bente et al., 2009). The Marburg virus consists of two viruses, Marburg virus (MARV) and
Ravn virus (RAVV). The genus Ebolavirus has five known species namely, Zaire
ebolavirus (EBOV), Sudan ebolavirus (SUDV), Tai Forest ebolavirus (TAFV), Bundibugyo
ebolavirus (BDBV), Reston ebolavirus (RESTV) and Lloviu virus (Kuhn et al., 2010).
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Figure 1.1: Structure of Ebola virus particle and genome organization.
(A) Electron micrograph of ebolavirus particle; (B) its schematic
diagram and (C) negative-sense genome organization (Takada, 2012).

1.2.2 Bunyaviruses

The predominant vector-borne human pathogen within genus Nairovirus is Crimean-
Congo haemorrhagic fever virus which causes a VHF endemic to large regions of Africa,
Europe, and Asia (Lasecka & Baron, 2014). CCHF is typically febrile disease with
haemorrhagic manifestations such as epistaxis, ecchymoses, and petechial rash.
The severe cases of CCHF frequently involve internal haemorrhagic manifestations such
as bleeding from the urinary and gastrointestinal tracts. CCHF virus is vectored by ticks
of the Hyalomma species, predominately H. marginatum and H. anatolicum
(Ergonal, 2006).

Rift Valley fever virus is a pathogenic virus classified within the Phlebovirus genus and is
associated with significant outbreaks in humans and livestock. Itis an important mosquito-
borne pathogen endemic to large regions of Africa and the Arabian Peninsula associated
with significant neonate mortality and abortions in livestock in addition to a potential viral
haemorrhagic fever during human infection (Daubney et al., 1932; Coetzer et al., 2015;
Kwasnik et al. 2021). The overall case fatality rate in human is approximately 1-3%,
although it can be up to 50% in patients with severe haemorrhagic manifestations
(Mansfield et al., 2015). The viral genome in this group is approximately (11.9 kb) and
consists of three segments designated large (L), medium (M), and small (S), which
encode the viral RNA-dependent RNA polymerase, the viral glycoproteins Gn and Gc and
non-structural protein NSm, and the viral nucleocapsid protein N and the non-structural
virulence protein, NSs, respectively (Havranek et al., 2019; Bird et al., 2009; Bouloy and
Weber, 2010) (Figure 1.2). Together with host proteins, these viral proteins ensure that
the virus can replicate its genome during a productive infection (Havranek et al., 2019;
Bouloy and Weber, 2010). The replication occurs in the cytoplasm of infected cells and
virions buds in the Golgi compartment (King et al., 2012). Each segment is transcribed
during the replication cycle into mRNA and is replicated a complementary RNA (cRNA),
or antigenome is synthesized. The cRNA represents the copy of the S ambisense
segment act as a template for synthesizing the NSs mRNA.



The protein is then expressed early, a good indication that it has an important role during
infection (Pepin et al., 2010; Ikegami et al., 2005). The glycoproteins play an essential
role in the penetration of the virus, and their proper processing is crucial for the maturation
and budding of the virion (Liu et al., 2008; King et al., 2012). The glycoproteins, being the
most exposed components of the virus during infection, are recognized by the immune
system and induce the production of neutralizing antibodies, which play a predominant
role in protection (Filone et al., 2006, Pepin et al., 2010).

Figure 1.2: Schematic illustration of RVF VIRUS genome containing small (S),
medium (M), and large (L) RNA segments and surface glycoproteins
(Gn and Gc) incorporated into the lipid bilayer (Nyarobi, 2020)

1.2.3 Flaviviruses

The Flavivirus genus consists of more than 70 small, positive-sense, single-stranded
RNA viruses transmitted by arthropods, in particular mosquitoes and ticks (Bryant et al.,
2007). These include globally important human pathogens such as West Nile virus,
Japanese encephalitis virus, dengue virus, Murray Valley encephalitis virus, tick-borne
encephalitis virus, Yellow fever (YF) virus, and Zika virus (Laureti et al., 2018).
These viruses are responsible for some of the most severe arbovirus infections affecting
humans, pose a serious threat to global health and have the potential to cause severe
outbreaks (Messina et al., 2014). YF virus can progress to include haemorrhagic
manifestations (Service & Ashford, 2001).

Filoviruses have large ranges of endemicity that correspond with the distribution of the
competent mosquito vector. Human disease is characterised by a febrile illness that can
progress to include haemorrhagic manifestations. YF virus is a single-stranded, positive-
sense RNA virus with a genome of approximately 11 kb (Figure 1.3). Seven lineages
have been identified, five in Africa, namely, West Africa | and Il, East Africa, East/Central
Africa, and Angola, and the other two in the Americas, known as South America | and |l
(Bryant et al., 2007). Phylogenetic analysis provided evidence that the YF virus
circulating in the Americas is derived from a Western African lineage ancestor that
emerged in Africa and was imported into the American East Coast from during the slave
trade (Vasconcelos et al. 2004; Bryant et al. 2007; Nunes et al., 2012).
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YF is native to Africa where it may have emerged around 3000 years ago (Robertson
et al., 1996). The most feared epidemic occurred in the 15" to 19" centuries, during
the large-scale outbreaks in port cities of north and South America, Africa, and Europe
caused devastating mortality (Rogers et al., 2006). The landmark studies of Walter
Reed in 1901 established that the disease was transmissible among humans via Aedes
aegypti mosquitoes (Reed et al., 1901). Within one year of Reed's discovery, the
disease was successfully controlled in Cuba as a result of vigilant mosquito control
campaigns (Carter et al., 1931). Twenty-eight years later, YF remained a significant
cause of morbidity and mortality, with an estimated 200,000 cases each year and
30,000 deaths (Robertson et al., 1996). Indeed, although a highly effective vaccine is
available, epidemiological data suggest an alarming resurgence of virus circulation in
West Africa over the last 20 years (Onyango et al., 2004).
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Figure 1.3: Genome composition and virion structure of flaviviruses
(Barryatkinson, 2016)

1.3 The global emergence of viral haemorrhagic fevers

The exploitation of new ecological niches by human beings and increased travel and
trade has promoted the emergence or re-emergence of VHF around the world
(Figure 1.4). Together, VHF diseases affect more than 100 million people around the
world and kill more than 60,000 people annually.



/ (d
Q\é < b’{; 4 i v:“
“i34 .of}\ ot R ) \'\Lﬂ\
» a8 et 3 . -
U DARESRaned
/ SR e DR ARy e/‘\?’\{)
b oI I o
AP s Y B o'y Ny O
Ny e - ' %ﬂ .
- J I\ o K TN B3 A0
B Ly CINOIY N2 e e
'y e ) A LA )
\’\.‘\ . o 0 (v = o \ l;) ﬁk\
o X 4, ) R/ [ «%) /
o4 MEULEACR AT N A
RGN Vo m Nepe,
/] Y _\W ‘\)Qo 5 w2 ’)‘o
M 9 e 3 AR A
‘ ) ) ’ \
\ S { ( /\fL A Y g
{ 20 J L\
o k‘ 1/ r}
\ o /
Flaviviridae Bunyaviridae Arenaviridae Filoviridae
® Dengue virus o CCHF virus o Lassa virus s Machupo virus ¢ Ebola and Marburg
Yeliow fever virus ¢ Hantavirus HFRS 0 Lujo virus o Guaranito virus
Rift valley fever viru
© Kyasanur forest disease ik © Junin virus Sabia virus
¢ SFTSvirus

Figure 1.4: Global geographical distribution of viral haemorrhagic fevers
(Zapata et al., 2014)

Perhaps the Ebola virus is the most notable example in the 21t Century for the
emergence of a novel viral haemorrhagic fever (Ogden et al., 2016). Ebola outbreaks
were confirmed far back in 1976 (Bowen et al., 1977). To date the Ebola outbreaks in
Africa have occurred in 2001, 2002, and 2007, 2013, 2014, 2015, 2016, 2018, 2021
(Makiala et al., 2018; Nyakarahuka et al., 2020; Rugarabamu et al, 2021).
The emergence of VHFs in new territories is a persistent threat (Isaacson et al., 2001).

Rift Valley fever was first identified in 1931 on a farm in Kenya's Rift Valley (Daubney et
al., 1931). Since then, outbreaks have been reported mainly in Africa (Seufi & Galal,
2010), and the Arabian Peninsula (El-Akkad, 1978; Morvan et al., 1991; Fontenille et al.,
1998; Jupp et al., 2002; Diallo et al., 2005; Bird et al., 2007; Sissoko et al., 2009).
The spread of RVFV outside its endemic region raises concerns about the threat of its
introduction to new geographical areas (Pepin et al., 2010).

Of recently, YF outbreaks have been reported in Brazil (Faria et al., 2018;
Giovanetti et al., 2019). In Brazil, the virus spilled over in areas without a history of
acquired immunity or mandatory vaccination coverage (Cunha, 2019), causing 2,166
confirmed cases and 751 deaths (Sacchetto et al., 2020). Similarly, a concurrent outbreak
was reported in Angola and the Democratic Republic of Congo resulting in 884 confirmed
cases and 381 deaths (Song et al., 2018). Both outbreaks raised fears of initiation of
urban transmission, leading to massive immunization drives.



It can be challenging to differentiate between genuine emergence and endemic VHFs that
had been previously misdiagnosed. Most of the causative viruses are neither rare nor
insignificant pathogens, yet cases are likely misdiagnosed for decades before formal
identification. For instance, a trio of Germans reported finding Ebola antibodies in 26 of
433 Liberians (6%) who underwent testing for antibodies to Ebola, Marburg, and Lassa
fever viruses in 1982 (Ivanoff et al.,1982). By then, the country was considered an Ebola-
free zone. In 2013 the first outbreak occurred; although it was not linked to the previous
study, this may highlight the complexity of distinguishing between emergence and
misdiagnosis (Kaner et al., 2016).

1.3.1 Risk Factors of VHFs

Environmental factors leading to disease emergence typically involve a change of
conditions allowing the VHF viruses reservoirs such as arthropods and rodents to expand
into new territories. Climate change offers a significant risk for expanding potential
distribution of many species either in terms of a long-term trend in increased temperatures
or an increase in the frequency of abnormal weather events (Gould and Higgs, 2009; Roiz
et al., 2015). Direct man-made environmental change can also impact ecology and
increase interactions between vectors, wild animals, and humans.

Several human factors also have the potential to trigger spill over events. Conflicts and
war have a long association with disease emergence for various reasons, mainly due to
the movement of people into atypical areas (e.g., temporary settlements for civilians and
the movement of troops through rural locations) as well as disruption of the healthcare
infrastructure (Ugalde et al., 2000). Severe human diseases such as CCHF were initially
identified during conflicts (Chumakov, 1945; Lee et al.,, 1978), while disease
re-emergence resulting from temporary population displacement is a frequent
phenomenon associated with civil unrest and wars (Gayer et al.,, 2007). Similarly,
expanding urbanization and land reclamation can introduce many susceptible human
hosts into, or close to, pathogens environments (Gould et al., 2006).

The trade of livestock offers the opportunity for pathogens to transfer to new locations.
The threat of importation of an exotic pathogen via this route is listed as one of the eight
plausible scenarios for infectious disease threats to the European Union (Suk & Semenza,
2011). A similar issue related to wildlife trade is presented by the large-scale animal
markets common in many areas, especially Asia. These markets can house tens of
thousands of animals simultaneously and present opportunities for viruses to transfer into
species of mammals not typically encountered as well as providing the potential for viral
reassortment with similar species of virus (Parrish et al., 2008).

The production and the consumption of animal-based products contribute to an increase
in the risks of viral haemorrhagic fevers. The consumption of wild animals (or bushmeat)
and animal products such as raw milk and blood is an important driver of VHF emergence
(Gonzalenz et al., 2015). Wild animals are indeed important reservoirs of VHF, and most
of the VHF pathogens originate from wildlife. Animal farming plays a significant role in the
emergence and the spread of pathogens, as numerous VHF reach humans through
domestic animals (e.qg., Rift Valley fever, Crimean-Congo haemorrhagic fevers (Bannister
et al., 2010). The risk of healthcare and laboratory-acquired infection in handling rare or
newly recognized pathogens is well documented (Barry et al., 1995; Armstrong et al.,
1999). Mining, hunting, and intensive farming involve significant risks in exposure to VHF



reservoirs through means other than commercial production (Gonzalez et al., 2018).
Such activities may reduce the likelihood of pathogen introduction through biosecurity
intervention but significantly increase the risks of amplification, spread, and the mutation
of pathogens once they enter respective facilities (Isadcson et al., 2001; Fhogartaigh et
al., 2015). In addition, the deforestation associated with the increased production of meat
deteriorates natural habitats and biodiversity, thus indirectly increase VHF epidemic
events (Gonzalez et al., 2018).

Vector survival and VHF virus replication are strongly influenced by climatic conditions
such as temperature, humidity and precipitation, with vector activity and virus
transmission often being seasonal (Rogers et al., 2003). Local vector abundance may
further depend on the availability of specific breeding habitats, such as water bodies for
mosquito oviposition (Sunish & Reuben, 2001), or specific vertebrate host species for
feeding (Estara et al.,, 2014). For example, many tick species have different host
preferences at different life stages (Guglielmone et al., 2014), and high host densities may
greatly increase tick abundance (Wilson, 1985). Further, host migration enables dispersal
of both ticks and arboviruses over long distances, often to novel areas (Estara et al.,
2014). Virus circulation is also influenced by the spatial and temporal variation in the
densities of competent vertebrate reservoir hosts. The availability of suitable habitat
and/or important host species is often correlated with particular land use categories, such
as fragmented and highly mosaic agricultural landscapes (Havelaar et al., 2010).

1.4 Vira haemorrhagic fever outbreaks

Outbreaks of VHFs, most notably Ebola virus disease, Marburg virus disease, Yellow
fever, Crimean-Congo Haemorrhagic fever and Rift Valley fever, have been well
documented across sub-Saharan Africa and have caused widespread morbidity,
mortality, and substantial socio-economic losses. There have been 34 confirmed
outbreaks of EVD reported since its first identification in 1976 in the Democratic Republic
of Congo (Rugarabamu et al., 2020), and 14 outbreaks of MVD since its first identification
in Germany in 1967 (Langun et al., 2019). The largest of EVD outbreaks have occurred
in West Africa in 2013-2016 and DRC 2018-2020. The economic impacts of the West
African EVD outbreak alone were estimated at over US$2.2 billion in gross domestic
product (GDP) from loss of investments, significant drops in private sector growth, lower
food and agricultural production, and decreased trade (Huber et al., 2014). The costs of
the response to the outbreak by the affected countries and the international community
exceeded US$3.6 billion (Johnson et al., 2017).

RVF and CCHF have also caused widespread outbreaks in human populations across
Africa. The most significant socio-economic losses are due to morbidity and mortality of
affected livestock. Because of the ecological, zoonotic, and vector-borne nature of their
causative viruses, outbreaks tend to primarily affect regions with large livestock
populations and countries in which the local economy is highly dependent on livestock
and agricultural trade (Muga et al., 2015). Of the major outbreaks recorded since 1900s,
socio-economic impact has ranged from US$7 to over US$470 million, accounting for
losses of over 5% of GDP (Martins et al., 2014). Other costs associated with these
outbreaks are due to their impact on local and international trade and public health and
healthcare expenditures.
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Yellow fever is the second most globally distributed arthropod-borne disease after dengue
haemorrhagic fever, causing around 200,000 cases per year, with case fatality varying
between 15% and 30%. Although there is an effective vaccine against YF, the number of
infected people has increased in recent years, especially in urban Africa (Chen et al.,
2020). This might be attributable to multiple factors including declining population
immunity to infection (Barnet et al.,, 2007), increased human activities such as
deforestation, urbanization, population movement and climate change (Gardner et al.,
2010). To date the disease affects more than 170,000 people and caused about 80,000
deaths in Africa (Tini 2014). A total of 32 African countries are located in the so called
“yellow fever belt” hence making them at risk of yellow fever transmission (Nwaiwu et al.,
2021). The disease produces extensive epizootics in non-human primates and outbreaks
of human cases (Mboussou et al.,, 2019). It is vaccine preventable, with a safe and
effective vaccine available since the 1930s that has been introduced to all travellers
visiting yellow fever endemic regions. Yellow fever is transmitted by numerous vectors
including Aedes mosquitoes. A component of the sylvatic reservoir system is in non-
primates, making yellow fever difficult to eradicate.

1.5 Laboratory diagnosis of viral haemorrhagic fevers

If viral haemorrhagic fever is suspected after the initial work-up and laboratory testing,
rapid diagnostic laboratory testing is imperative. Rapid access to specialized laboratory
testing will vary according to the region and is especially a challenge in resource-limited
areas. Unfortunately, few commercial assays are available for the VHFs (Singh et al.,
2016). The absence of commercial assays poses a significant impediment to patient
diagnosis.

The mainstays of diagnosis are the enzyme-linked immunosorbent assay (ELISA),
reverse transcriptase-polymerase chain reaction (RT-PCR), and cell culture (Trombley et
al., 2010). Although extensive validation of these assays has not been conducted,
sensitivities  and specificities  are  generally  considered over 90%.
The immunofluorescent antibody test (IFA) may also be employed but is not as routinely
sensitive or specific and is more subjective in its interpretation, varying with the
technician’s experience (Bausch et al., 2000). Post-mortem diagnosis of some VHFs may
be established by immunohistochemical staining of formalin-fixed tissue, especially the
skin, liver, and spleen (Zaki et al., 1999). VHF is usually diagnosed in the acute febrile
phase by identifying the virus, virus antigen, or nucleic acid in the specimen (Piggot et al.,
2005). These measures also provide prognostic value since the high virus, antigen, or
nucleic acid levels in the blood correlate with a poor prognosis in most VHFs (Racsa et
al., 2016). The serum is the most reliable sample to test, but the virus can be variably
isolated from throat washings, urine, cerebrospinal fluids, breast milk, and other tissues
(Towner et al., 2007). ELISA tests are high throughput, and ELISA antigen tests and
RT-PCR can usually be done in a few hours. Multiplex PCR assays have been developed
to allow for simultaneous testing for the VHFs and the many diseases in the differential
diagnosis (Racsa et al.,, 2016). Furthermore, these assays can be performed with
inactivated specimens using standard equipment present in most diagnostic laboratories.
In contrast, propagation of most VHF viruses in cell culture requires a high containment
facility and 2—10 days to detect virus growth, depending on the specific virus and titre in
the sample (Kaya et al., 2014). ELISAs may lack sensitivity relative to RT-PCR and cell
culture (Pretorius et al., 2017). Nevertheless, cell culture should not be omitted whenever
possible because haemorrhagic fever viruses have occasionally been isolated from
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specimens for which ELISA antigen, antibody, and RT-PCR tests were negative
(Paweska et al., 2009). This was attributable to virus concentrations in the test sample
that were below the threshold of detection of these assays or the presence of variant or
novel viruses that were not detectable with the antigens and primer sets employed
(Ippolito et al., 2012).

Failure to appreciate the intricacies and limitations of the various laboratory assays has
occasionally led to false-negative diagnoses and increased risk of nosocomial
transmission (Al-Hamdan et al., 2015). If clinical suspicion of VHFs remains high, despite
a negative result, tests should be repeated in 1-2 days and, if necessary, again in
convalescence. In acute and sub-acute convalescent, VHFs can be diagnosed by
identifying IgM and IgG antibodies, respectively, in the blood through ELISA or IFA. Antibody
seroconversion (usually interpreted as a fourfold increase in titre) on acute and
convalescent serum specimens has also been used to retrospectively diagnose the acute
disease when assays to detect virus nucleic acid or antigen is not available (Burrel et al.,
2017). The demonstration of neutralizing antibodies can increase the specificity of ELISA
antibody results. However, neutralization assays are not uniformly standardized and
cumbersome to perform, and because they require the use of a live virus, they must be
done in a high containment laboratory for most of the VHF viruses; consequently, they
are infrequently performed (Oswald et al., 2007). The timing of appearance of IgM and
IgG antibodies and their duration after the infection has not been systematically studied
thus varies with the specific virus. In survivors, IgM generally appears in the first days or
weeks of illness and lasts for months after infection, while IgG typically appears during
convalescence and is thought to last years, if not decades (Endy et al., 2020).

Antibody detection by ELISA is useful for epidemiological surveillance and control
programs, import/export certification, early detection of infection, and monitoring immune
response in vaccinated humans and animals (Paweska et al., 2012). An ELISA can be
used to detect the presence of antigens or antibodies in a sample, depending on how the
test is designed (Ma & Shieh, 2006; Gaastra, 1984). To detect antibodies using the ELISA
test (Figure 1.5), the antigen is coated onto a 96-well plate, and test sera are added.
A secondary antibody coupled to an enzyme specific to the tested host species is added
to the plate wells. Enzyme substrate is then added, allowing a colour change to be
determined by measuring the optical density measured in a spectrophotometer.
Depending on the ELISA platform used, either the presence or absence of colour
indicates the presence of antibodies (Ma & Shieh, 2006). IgM or IgG antibodies can be
detected using isotype-specific secondary antibodies. The antibodies detected may be
either neutralizing or non-neutralizing, and the tests cannot differentiate between the two.
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1.6 Viral haemorrhagic fever surveillance

While knowledge of the reservoir of VHFs remains insufficient, the distribution of
arthropods and rodents is not static. So, information of the suspected cases, potential
for vector distribution and spill over events is required in order to develop suitable
surveillance strategies, prophylactic treatments, vaccines, travel recommendations, and
clinical therapies. Significant emphasis is placed on monitoring epidemics and disease
emergence with modern technologies allowing for complex modelling to predict, and
potentially prevent, significant epidemics and pandemics (Morse et al., 2012).

One potential complicating factor for assessing VHFs is understanding the full spectrum
of clinical presentations and the factors influencing these manifestations. For instance,
the EVD is widespread across DRC; however, the severity of the disease, and the
associated case fatality rate, change markedly depending on the geographic location of
the disease locus (Gritsun et al., 2003). It is possible that the difference seen could be
attributed to the genotypic variation of pathogen or individual host immune interactions
as the geographical location changes (Mlera et al., 2014). It is important to understand
epidemiology variation to ascertain how this impacts disease presentation in different
regions.

1.7 Viral haemorrhagic fever in Tanzania

Global emerging pathogens analysis confirms Tanzania as a hotspot for disease
emergence (David et al., 2004). Historically several high consequence pathogens have
been reported, including dengue, chikungunya, CCHF, Rift Valley fever and Zika
(Macnamara, 1954; Robinson et al., 1955; Swanepoel et al., 2007; Klaassen et al.,
2010). VHF notable yellow fever, Marburg, and Ebola are ubiquitous across a large area
in sub-Saharan Africa (Boggild et al., 2017). While this is the case, there is no single
report on the prevalence of disease to regular hospital visitors, admissions, or the
general public in Tanzania, thus resulting in insufficient intervention strategies. The
potential impact of VHFs in Tanzania is enormous despite several reports of serious
human pathogens that have been studied after their discovery around the globe. Data
regarding their distribution in Tanzania is limited to make an accurate assessment of
their importance.
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1.8 Problem statement, study justification and objectives

1.8.1 Problem statement and justification of the study

VHFs affect more than 100 million people worldwide and cause deaths to 60,000
individuals annually. The emergence of VHF in new territories is a persistent threat,
mainly showing extraordinary potential to establish foci of endemicity in regions far
removed from historic risk areas and result in a significant burden of disease (Morens,
2004). Of recent, apart from causing morbidity and mortality, the severity of the disease,
and the associated case fatality rate, have changed markedly dependent on the
geographic location of the disease locus (Gritsun et al., 2003). It is possible that the
difference is due to the genotypic variation of the pathogens or individual host immune
interactions as the geographical location changes (Mlera et al., 2014). There is
inadequate information for most VHFs in Tanzania. A better, more comprehensive
understanding of the ecology, epidemiology, pathogenicity, and genomic factors is
essential in the design of interventions measures. There is a need for seroepidemiological
studies to provide evidence on the prevalence and distribution of Ebola, Marburg, Rift
Valley fever, yellow fever, and Crimean Congo haemorrhagic fever viruses and explain
the risk factors. Moreover, it is not known with certainty that co-infection exists with other
endemic diseases such as malaria; which are likely to mimic the febrile syndrome, thus
causing challenges in differential diagnosis. Moreover, there is a need to investigate how
affected communities respond to these outbreaks; doing so will give Tanzania better
insight to prevent the occurrence and be a good entry point in case outbreaks occur. Such
information would improve public health, allow more sensitive and specific diagnostic
testing, and characterize the prevalence and incidence of these viruses in both endemic
and nonendemic areas to implement control and prevention strategies. This study
provides important information regarding the elements contributing to the risk associated
with the introduction of EVD in Tanzania. The information is crucial for preparedness and
prevention.

1.8.2 Main objective
To determine the prevalence, distribution and risk of viral haemorrhagic fevers in
Tanzania.

1.8.3 Specific objectives
i. To analyse Ebola Virus Disease outbreak reports, determine the case fatality
rate pattern and identify challenges and opportunities in its detection and
response in Sub-Saharan Africa.

ii. To estimate the risk of introducing EVD from DRC to Tanzania

iii. To determine the seroprevalence of Ebola, Marburg, Lassa, yellow fever,
Crimean Congo Haemorrhagic fever and Rift Valley viruses and their
associated risk in Tanzania.

iv. To compare the diagnostic performance of a commercial enzyme-linked
immunosorbent assay (ELISA) with indirect ELISA assays validated at the
National Institute for Communicable Diseases (NICD, South Africa)

v. To determine the prevalence of malaria and VHF infections among patients
seeking health care in Tanzania.

vi. To determine community knowledge, attitude and practices regarding VHF in
five geo-ecological zones in Tanzania
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1.8.4 Hypotheses of the study

Globalization and continuous interactions between humans, animals and the environment
facilitate the maintenance and wide distribution of Viral Haemorrhagic fevers across
Sub-Saharan Africa.

Ethics consideration

This study was approved Medical Research Coordinating Committee of the National
Institute of Medical Research in Tanzania. When applicable, the participant provided
informed consent to provide metadata / serum (parent or legal guardian accented for
participants under the age of 16 or illiterate).
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Abstract

Background: Viral haemorrhagic fevers cause significant economic and public health
impact in Sub-Saharan Africa. Community knowledge, awareness and practices
regarding such outbreaks play a pivotal role in their management and prevention.
This study was carried out to assess community knowledge, attitude and practices
regarding VHF in five geo-ecological zones in Tanzania.

Methods: This cross-sectional study was conducted in Buhigwe, Kalambo, Kyela,
Kinondoni, Kilindi, Mvomero, Kondoa and Ukerewe districts representing five geo-
ecological zones in Tanzania. Study participants were selected by multistage cluster
sampling design. A semi-structured questionnaire was used to collect socio-demographic
and information related to knowledge, attitude and practices regarding VHFs. Descriptive
statistics and logistic regression were used for the analysis. Data analysis was performed
using Statistical Package for the Social Sciences (SPSS) version 27.

Results: A total of 2,965 individuals were involved in the study. Their mean age was 35
(SD£18.9) years. Females accounted for 58.2% while males 41.8%. Most of the
respondents (70.6%; n=2093) had never heard of viral haemorrhagic fever, and those
who have heard, over three quarters (79%) mentioned the radio as their primary source
of information. Slightly over a quarter (29.4%) of the respondents were knowledgeable,
25% had a positive attitude, and 17.9% had unfavourable practice habits. The level of
knowledge varied between occupation and education levels (P<0.005). Most participants
were likely to interact with a VHF survivor or take care of a person suffering from VHF
(75%) or visit areas with known VHF (73%). There were increased odds of having poor
practice among participants aged 36—45 years (AOR: 3.566, 95% CI. 1.593- 7.821) and
those living in Western, North-eastern and Lake Victoria zones (AOR: 2.529, 95% CI:
1.071-6.657; AOR: 2.639, 95% CI: 1.130-7.580 AOR: 2.248, 95% CI: 1.073-3.844).

Conclusion: Overall, the knowledge on VHF among communities is low, while a
significant proportion of the community is involved in activities that expose them to the
disease pathogens in Tanzania. These findings highlight the need for strengthening
health educational and promotion efforts on VHF targeting specific populations.

Keywords: Knowledge, practice, exposure, transmission, viral haemorrhagic fever,
Tanzania
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Introduction

Viral haemorrhagic fevers (VHFs) are severe viral infections characterised by multi-organ
failure and haemorrhages resulting in high morbidity and mortality rates (Pigott, 2005).
They cause severe epidemics resulting in catastrophic situations that can interrupt
everyday life, livelihoods or social structure (Bannister et al., 2010; Fhogartaigh & Aarons,
2015). VHFs of public health importance in Sub-Saharan Africa include Ebola Virus
Disease (EVD), Marburg Virus Disease (MVD), Crimean-Congo haemorrhagic fever
(CCHPF), Rift Valley fever (RVF), Lassa and yellow fever (YF) (Bray, 2005; Changula et
al., 2014; lannetta et al., 2019; Mboussou et al., 2019). Available evidence indicates that
RVF and CCHF have been reported in Tanzania (Swanepoel et al., 1987; Sindato et al.,
2014). Although no clinical cases of EVD, MVD or YF have been reported in the country,
a recent study has reported the presence of IgM and IgG antibodies against the viruses
across the country (Rugarabamu et al., 2021).

Viruses causing haemorrhagic fever are transmitted to humans when the activities of the
human host and infected reservoir hosts or vectors overlap. The exploitation of new
ecological niches by human beings and increased travel and trade as well as climate
change have promoted the emergence or re-emergence of VHF around the world (Gould
& Higgs, 2009; Racsa et al., 2015). Direct man-made environmental change may also
impact ecology and increase interactions between vectors, wild animals, and humans
(Nava et al., 2017). The consumption of wild animals (or bushmeat) and animal products
such as raw milk and blood is an important driver of VHF emergence (Wolfe et al., 2005).
Wild animals are indeed important reservoirs of VHF, and most of the VHF pathogens
originate from wildlife (Nyakarahuka et al., 2020). Animal farming plays a significant role
in the emergence and the spread of VHFs such as Rift Valley fever and Crimean-Congo
Haemorrhagic fevers (Bannister et al., 2010). Mining, hunting, and intensive farming
involve significant risks in exposure to VHF reservoirs through means other than
commercial production (Kurpiers et al., 2016).

Outbreaks of VHF have been reported in communities with limited knowledge and
increased exposure practices (Shabani et al., 2015; Raab et al., 2020). Knowledge and
practices can be improved by providing appropriate information on disease recognition,
transmission, prevention and management (lbrahim et al., 2016). Disease prevention
education and awareness strategy through traditional and social media have significantly
improved knowledge and practice regarding Lassa fever in Nigeria (Wogu, 2018).
However, there is a marked gap between VHF awareness and exposure practice in some
Sub-Saharan Africa countries. Studies have shown that although most people in Sudan,
the Democratic Republic of Congo and Uganda were described to be aware of EVD and
RVF, their preventative practice levels were poor (De St. Maurice et al., 2018; Wirsiy et
al., 2020).

The frequent outbreaks of viral haemorrhagic fevers in Sub-Saharan Africa highlight the
importance of developing national strategy for prevention and management of outbreaks.
These include the need for strong health education and promotion programmes. So far,
only a limited studies on knowledge, attitude, perceptions and practices as regards to
VHF have been carried out in Tanzania. Most of them focused on Rift Valley fever
(Swai et al., 2010; Chengula et al., 2013; Shabani et al., 2015). Understanding the
community knowledge, attitudes, and practices is important in outbreak prevention and
control. In recognition of the growing threats of VHFs in the country, this study was carried
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out to assess the community knowledge, attitudes, and exposure practices on zoonotic
viral haemorrhagic fevers in diverse five ecological zones in Tanzania.

Methods

Study areas and design

This community-based cross-sectional study was carried out from April to November
2018. Respondents were selected using a multistage cluster sampling design.
The country was divided into five ecological zones based on rainfall pattern, vegetation,
land use pattern and altitude. Zone 1 comprised of the western parts of the country with
tropical forest, unimodal rainfall pattern, and altitude <2,300m above sea level. In this
zone, Buhigwe (in Kigoma Region) and Kalambo (in Rukwa Region) were selected as
study districts. Zone 2 included the Southern highlands regions characterised by high
precipitations, bimodal rainfall pattern, tropical forest and elevation >2,300 m. In this zone,
Kyela district (in Mbeya Region) was selected. Zone 3 comprised of the north-eastern
regions, with bimodal rainfall pattern and an elevation of <1,800 m. In this zone, Kinondoni
(in Dar es Salaam Region) and Kilindi (in Tanga Region) districts were selected. Zone 4
covered the central regions of the country, characterised by moderate precipitation and
unimodal rainfall pattern. In this zone, the selected districts were Mvomero (Morogoro
Region) and Kondoa (Dodoma Region). Zone 5 comprised of the Lake Victoria zone,
characterised by bimodal rainfall pattern; and Ukerewe (Mwanza Region) was the
selected study district. . In each district, three wards and nine villages were selected to
account for local ecological biodiversity variations.

Based on the variations on the ecology for each zone, the number of individuals to be
included in the study was calculated independently for each zone. Then population-
weighted samples were used to split among the districts. The sample size for this study
was calculated based on the conservative prevalence of peoples’ knowledge about VHF
of 50%, a desired absolute precision of 5%, and a confidence level of 95%. The sample
size was adjusted for clustering between districts by a design effect factor of 1.5.
A contingency of 10% was considered to account for nonresponses, refusal or
missingness. The minimum estimated sample size was 2,840 individuals. Within each
district, individuals were evenly distributed between sampled wards and villages.

Data collection

A pre-tested semi-structured questionnaire installed in smartphones with digital data
collection tool (Karimuribo et al., 2017) was used to collect sociodemographic and other
relevant data. The questionnaire consisted of four sections that addressed the (i) socio-
demographic information; (ii) participants’ knowledge of the VHFs, source of information;
(i) attitudes towards VHF prevention; and (iv) exposure and risk practices related to
VHFs. Trained research assistants administered the questionnaires in Kiswabhili, the
national language in Tanzania. To avoid stigma and improve participation, all interviews
were organised privately.

Data management and analysis

Each response was scored 1 for the correct answer while O for the wrong/ "don't know"
response. Knowledge about VHF was graded on O to 3, with O being the lowest and 3
being the highest. Participants' scoring from 2 or 3 was considered "good knowledge”
while 0 or 1 indicated “poor knowledge". Attitude about VHF score was reversed graded
on a scale of 0 to 3, with a score of 0 and 1 indicating "favourable attitude" and a score of
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2 or 3 indicating "unfavourable attitude". Finally, practice against VHF was measured on
a scale of 0 to 22. Participants who received a score of 11 or higher were deemed to have
optimal/good practice, whereas below 11 were considered to have at-risk/poor practice.

Data analysis was performed using the Statistical Package for the Social Sciences
(SPSS) version 27.0. Descriptive analysis was performed, and the results were reported
as frequencies and percentages. Bivariable and multivariable logistic regression analyses
were conducted to determine the relationship between socio-demographic characteristics
and knowledge, attitude and practice levels. All variables with a p-value <0.2 from the
bivariable analysis were entered into the multivariable model. Possible associations were
measured using an adjusted odds ratio (AOR) with 95% CI, and the p-value of less than
0.05 was considered statistically significant.

Results

Socio-demographic characteristics of the respondents

A total of 2,965 participants were interviewed from 24 wards and 48 villages of eight
districts. The mean age was 35 (SDx18.9) years. Over half (58.2%) of the study
participants were females, and most respondents (61.6%) had primary school education.
The majority of the respondents were farmers. Half (60.8%) were farmers (Table 41).



Table 1: Sociodemographic characteristics of the respondents by district
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Zone 1l Zone 2 Zone 3 Zone 4 Zone 5
Variable Response Buhigwe Kalambo Kyela Kinondoni Kilindi Kondoa Mvomero Ukerewe Total P-
value
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Sex Female 207(56.2)  209(59.2) 207(55.2) 221(60.2) 203(54.4)  223(59%) 225(64%) 231(65%) 1726(58.2%)

Male 161(43.8)  164(40.8) 168(44.8) 146(39.8) 170(45.6) 148(41%) 142(36%) 140(35%) 1239(41.8%) 0.00
Age 18-35 132(33.6)  142(39.6) 142(37.8) 134(36.5) 141(37.8) 135(36.3) 135(36.7) 135(36.4)  1096(37.0%)

36-45 126(34.2) 123(33.1) 125(33.4) 125(34.0) 124(33.2) 126(34.0) 122(33.2) 126(33.9) 997 (33.6%)

46- 65 110(32.2) 108(29.1) 108(28.2) 108(29.5) 108(29) 110(29.7) 110(30.1) 110(29.7)  872(29.4%) 0.00
Education None 128(34.7) 107(28.8) 84(22.4) 42(11.5) 131(35.1)  76(20.4) 87(23.7) 80(21.5) 759(25.6%)

Primary 225(61.1) 231(62.7) 213(56.7) 226(61.5) 208(55.8)  242(65.3) 236(64.4) 256(69.2) 1826(61.6%)

>Secondary  20(5.6) 32(8.5) 85(25.2) 103(30.7) 49(12.9) 53(14.3) 56(15.3) 47(12.4) 458(15.4%) 0.00
Occupation  Farmer 251(68.1) 278(74.6) 254(67.7) 277(21.1) 59(75.0) 228(61.2) 201(57.6) 240(64.6) 1803(60.8%)

Employed 15(4.2) 26(6.8) 40(10.7) 25(52.0) 72(19.5) 38(10.1) 38(10.2) 57(15.4) 461(15.6%) 0.02

Student 25(6.9) 6(1.7) 29(7.7) 35(9.6) 19(5.2) 45(12.2) 31(8.5} 40(10.8) 228(7.7%)

Others 77(20.8) 63(16.9) 52(13.9) 65(17.3) 38(10.3) 60(16.3) 87(23.7) 34(9.2) 473(15.9%)

None = did not obtained formal education
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Knowledge about VHF

Table 2 shows the responses of participants on knowledge on VHF. Only about a third
(29.4%) of the study participants had previously heard about VHF. Ebola was the VHF
known by the majority (52.6%) of the respondents. Rift valley fever, CCHF, Yellow fever
were least mentioned VHF diseases. Other diseases mentioned were Dengue (10%),
Chikungunya (5%) and malaria (2.2%). According to 79% of the respondents, radio was
the main source of information about VHFs. The majority (81.8%) of the respondents were
of the opinion that VHF is preventable (Table 4.2).

Table 2: Knowledge of study participants about VHF

Variable Category Frequency Percentage (%)
Heard of VHF Yes 872 29.4
(N = 2965) No 2093 70.6
VHF disease heard Ebola 460 52.6
(N=872)** Rift Valley Fever 112 12.8
Yellow Fever 44 5.0
Crimean-Congo
Haemorrhagic Fever 88 10.1
Others 150 17.2
Don’t know 23 2.6
Source of Information Television 213 24.4
(N=872)** Radio 688 79.0
Family 45 5.1
Friend 22 2.5
School 180 20.6
Newspaper 75 8.6
Know how VHF can be Yes 714 81.9
prevented
(N=872) ** No 158 18.1

Multiple responses were allowed

Factors associated with knowledge

Bivariable analysis revealed that education and occupation were highly associated with
the knowledge index. The multivariable regression analysis indicated that occupation and
education were the two independent predictors of the knowledge index. The employed
participants (AOR: 5.82, 95% CI: 1.27-6.48) were more likely to have better knowledge
than other participants. Respondents with highest education level had a great
understanding of the VHFs compared to their counterparts (AOR: 2.03, 95% CI:
1.27-6.48). Respondents' knowledge did not statistically vary between zones (Table 3.3).
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Table 3: Association between knowledge level and socio-demographic
characteristics

Variable Bivariate Analysis Multivariate Analysis
Odds ratio (95% CI) P- Adjusted odds ratio P-value
value (95% CI)
Sex Female 1
Male 1.097 (0.438-2.745) 0.734
Age (years) 18-35 1
36-45 1.061 (0.410-2.743) 0.903
46- 65 1.026 (0.361-2.918) 0.952
Education None 1 1
Primary 1.02(0.63-1.42) 0.229 1.02(0.71-1.36) 0.243
2Secondary  2.06(1.53-2.86) 0.024*  2.03(1.39-2.98) 0.0023*
Occupation Farmer 3.000(0.968-6.302) 0.027*  1.818 (0.357-9.255) 0.375
Employed 4.286(1.223-5.022) 0.022* 5.82(1.27-6.48) 0.021*
Student 0.079(0.009-0.672) 0.020*  0.090(0.008-1.023) 0.054
Others 1 1
Zones Western 1.061 (0.410-2.743) 0.229
Southern 2.842 (0.326-3.792) 0.228
Highlands
North- 1.026 (0.361-2.918) 0.264
eastern
Central 1.928 (0.493-3.485) 0.962
Lake Victoria 1.913 (0.827-4.422) 0.224

*p-value<0.05

Attitude toward VHF
The disease fatality was unknown to almost over half of the study participants. Three
guarters (75%) of the respondents said would either interact or take care of a person
suffering from VHF. A significant proportion of respondents (73%) said that they would visit
regions known to experience VHF outbreaks (Table 4. 4).

Table 4: Respondents Attitudes toward VHF (n=872)

Variable Response Frequency Percentage
Living with a person who suffered VHF  Yes 654 75.0
No 201 23.1
| don’t know 17 1.9
Taking care of a person with VHF Yes 654 75.0
No 183 21.0
Don’t Know 35 4.0
Travel to regions with VHF Yes 637 73.0
No 192 22.0
Don’t know 44 5.0

Factors associated with attitude
Age, and sex were the two independent predictor variables of attitude towards VHF. Male
participants (AOR: 2.72, 95% CI. 1.07-6.89) were more likely to have an unfavourable
attitude than females. Participants aged 36 years and above had significantly less
favourable attitude than their peers (AOR: 2.95, 95% CI: 1.25-8.27). There was no
association between either education level, occupation or zone and attitude (Table 4.5).
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Table 5: Association between attitude and socio-demographic characteristics

Variable Bivariate Analysis Multivariate Analysis
Odds ratio (95% CI) p-value Adjusted odds p-value
ratio (95% CI)
Sex Female 1 1
Male 2.168 (1.98-5.05) 0.050* 2.72 (1.07-6.89)
Age (years) 18-35 1 1
3645 2.600 (1.988-6.769)  0.040* 2.95 (1.25-8.27)
46- 65 1 1
Education None 1
Primary 1.376 (0.438-4.020) 0.078
>Secondary  0.951 (0.457-2.466) 0.945
Occupation  Farmer 1.832 (0.805-4.167)  0.149
Employed 1 1
Student 0.976 (0.356-2.408) 0.770
Others 0.876 (0.211-2.312)  0.650
Zones Western 1.034 (0.309-2.651) 0.242
Southern 2.542 (0.126-7.692)  0.326
Highlands
North- 1.032 (0.341-2.618) 0.264
eastern
Central 1.528 (0.493-4.465) 0.663
Lake Victoria 1.712 (0.727-3.422)  0.424

VHF exposure and risk practices

About half (49.7%) of participants admitted to have had received a tick bite, removed a tick
and /or crushed a tick with their bare hands during a period of six month before the study.
About half (47.9%) of the respondents reported having received a mosquito bite during the
previous week. The majority (64%) of the participants were using mosquito nets to protect
themselves from mosquito bites. Other exposure practices identified included keeping
animals within the household (35.4%), contact with wild animals or rodents (26.6%),
consumption of raw milk (24.5%), frequent visits of outdoor recreation facilities (22.4%)
and contact with bats (15.9%) (Figure 4.1). Overall, 22% of the participants scored below
the mean. The mean exposure practice score was 9.70 (SD = 1.17) out of a maximum of
22 points, indicating a low level of exposure practice.
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Figure 4.1: Percentage distribution of exposure practise scores

Participants’ practices toward VHF exposure

Sex, age and residence of the respondents were significantly associated with the high-
risk practices. There were increased odds of VHF exposure and risk practices among
males (AOR: 2.95, 95% CI: 1.25— 6.27), participants aged 36—45 years (AOR: 3.58,
95% CI: 1.59- 7.82) and those who reside in Western, North-eastern and Lake Victoria
zone (AOR: 2.53, 95% CI: 1.07-6.66; AOR: 2.64, 95% CI: 1.13—-7.58 AOR: 2.25, 95%
Cl: 1.07-3.84) than their peers in the other zones (Table 4.6).
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Table 6: Association between practise and socio-demographic characteristics

Variable Bivariate Analysis Multivariate Analysis
Odds ratio (95% CI) P-value Adjusted odds P-value
ratio (95% CI)

Sex Female 4.08 (0.47-5.43) 0.202 4.82(0.38-6.59) 0.228
Male 2.95 (1.27-5.27) 0.005* 2.95(1.25-6.27) 0.046*

Age (years) 18-35 1.04 (0.36-3.06) 0.938 1.34 (0.13-1.45) 0.300
3645 4.08 (1.47-5.43) 0.040* 3.58 (1.59-7.82) 0.006*
46- 65 2.95 (1.26-5.27) 0.005* 2.89 (0.09- 0.052

6.023)

Education None 1
Primary 1.376 (0.438-4.020) 0.078
=Secondary 1.133 (0.262-3.99) 0.063

Occupation  Farmer 1.832 (0.805-4.167) 0.449
Employed 1 1
Student 0.98 (0.36-2.41) 0.770
Others 0.88 (0.21-2.31) 0.650

Zone Western 2.44 (1.05-5.66) 0.038* 2.53(1.17-6.66) 0.039*
Southern 2.35 (0.23-4.49) 0.465 2.07(0.44-2.85) 0.865
Highlands
North-eastern  2.74 (1.14-6.58) 0.024*  2.64(1.13-7.58) 0.022*
Central 1.01 (0.22 -2.32) 0.3440 1.00(0.09-4.67) 0.388
Lake Victoria 2.32 (1.11-3.94) 0.035* 2.25(1.97-3.84) 0.024*

*P-value<0.05

Discussion

This study aimed to determine the level of community knowledge and practices in
Tanzania following the increased spread of VHFs in Sub-Saharan countries. Only about a
guarter of the respondents have heard of VHFs. About three quarters of the respondents
were not aware of VHFs, indicating that majority of the people in Tanzania are not familiar
with the diseases. The level of awareness observed in the current study is lower than that
reported in previous study among the pastoral community in previous studies in Tanzania
(Shaban et al., 2015) and the general population in Uganda (Nyakarahuka et al., 2017 ),
Kenya (Abdi et al., 2015) and DRC (Oppenheim et al., 2019). Except for Rift Valley Fever,
which most pastoral communities in Tanzania have herd of (Shabani et al., 2015) most
likely due to previous outbreaks (Sindato et al., 2014), most other VHF have not been
reported in the country hence not been given much attention in community awareness
programmes.

The most commonly known VHF among the community in this study was Ebola.
The knowledge about Ebola was likely to be associated with the fact it has occurred in the
Democratic Republic of Congo during this study period, and several national and
international communication channels have raised awareness about the disease (Mayhew
et al.,, 2021). In a similar study in West Africa, most members of the community could
identify EVD as the most known VHF (Raab et al., 2020). These findings suggest that
knowledge about EVD is the general consequence of heightened awareness that the
recent outbreaks in West Africa and DRC have created around the globe. EVD has
sharpened people's knowledge and practice because it has dominated sub-Saharan
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Africa's daily lives for so long (Masumbuko et al., 2019). From our study, most of those
who knew VHF named mass media, specifically radio, as their main sources of information.
Similar findings have been reported in previous studies in Tanzania (Chengula et al., 2013;
Shaban et al., 2015) and elsewhere in Africa (Nettey et al., 2016). This indicates that mass
media channels, are important sources of information. Three-quarters of the study
participants had unfavourable attitudes toward VHF. This could be attributed to the fact
that the majority of them had limited knowledge about the diseases. Our findings contrast
with those previously reported from VHF endemic regions (Raab et al., 2020).

This study found that occupation and education were important determinants of good VHF
knowledge. A similar finding was reported from Tanzania, Sierra Leone, Kenya and
Uganda (Abdi et al., 2015; Nyakarahuka et al., 2017; Jalloh et al., 2017. Employed
participants were more likely to have good knowledge. Respondents who had education
were more knowledgeable of the disease than their peers. This finding is concurrent with
a study conducted in Guinea where educated people had better knowledge on EVD than
those not educated (Raab et al., 2020). In a study in Ghana, people with no education,
those not working were reported to be the least knowledgeable in EVD (Nettey et al.,
2016). Educational level, monthly income has been reported to be significantly associated
with practices as regards to infectious disease prevention and control (Wake, 2020).

Males and adults 36—45 years old and people living in Western, North-eastern and Lake
Victoria districts were at higher odds of having poor practice as regards to VHFs.
The possible reason for this might be because participants in this group are in the
adulthood stage, which allows them to be socially proactive and on-demand of exposure
practice such as taking care of sick, hunting or mining. The finding also indicates that the
areas with odds of exposure practise have characterisation of risk of occurrence of
mosquito- and tick-borne viral diseases in Tanzania (Mweya et al., 2016; Vairo et al., 2016;
Mwanyika et al., 2021). Moreover, a recent serological study in Tanzania has shown that
the districts in the three zones to have relatively higher prevalence of VHF antibodies
(Rugarabamu et al., 2021).

The findings of this study have highlighted other exposure practices that would put the
community at risk of VHF. These include tick bites, crushing ticks with bare hands,
mosquito bites, and contact with wild animals including rodents, birds and bats. Other
identified practices were handling and butchering of wild animals, contact with the body
fluids, or direct contact with dead animals/ individuals. Even though few respondents
practised this, it takes only a single person to be exposed to a virus before the disease
would spread to the community. Thus, when it comes to VHF transmission and spread low
percentage of risk practice would sound large for an epidemic to occur. Educational
programs should encourage avoiding exposure practices that would put a community at
risk of disease. In addition, a heightened awareness of VHF may lead to more rapid
identification of outbreaks and may result in decreased transmission.

Our study showed that about one-fifth of respondents consumed raw meat, raw milk, raw
blood, game (including primate) meat, which are among the risk practices for the
occurrence of RVF and EVD (De St. Maurice et al., 2018). Some studies have reported
exposure to raw milk, raw meat or blood as a potential route for RFV transmission (Olive
et al., 2016; Mutua et al., 2017; Grossi-Soyster et al., 2019). Animal products, regardless
of status, is an important part of the diet in Tanzania. Milk and meat are mostly raw,
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fermented, and rarely boiled (Arhem, 1989). Overall, the findings emphasise the
importance of educational campaigns and endless activities towards behavioural change
in communities living in risk areas.

Conclusions

Based on the findings, it can be concluded that there is a low level of community knowledge
regarding VHF despite higher exposure risk behaviour in Tanzania. Only about a third of
the study participants had previously heard about VHF; and the majority have heard of
Ebola. Occupation and education were the most important predictors of the knowledge
index. Respondents with highest education level had a great understanding of the VHFs
than those with low education levels. Male participants were more likely to have an
unfavourable attitude than females. Sex, age and residence of the respondents were
significantly associated with the high-risk practices. These findings call for heightening
VHF awareness and prevention campaigns in Tanzania.
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Abstract

Background: Infection with Ebola or Rift Valley viruses can result into haemorrhagic
disease and death. A number of serosurveys have reported exposure to Rift valley virus
(RVFV) in human populations across Tanzania and a recent study found evidence of
antibodies to Ebola virus (EBOV) in the western Tanzania. Various serological diagnostic
tools have been used to detect exposure to RVFV and EBOV, but the agreement between
these tools has not been critically evaluated. The aim of this study was to compare the
diagnostic performance of a commercial enzyme-linked immunosorbent assay (ELISA)
with indirect ELISA assays validated at the National Institute for Communicable Diseases
(NICD, South Africa) for the detection of IgG antibodies against RVFV and EBOV in human
sera.

Methods: This laboratory-based study used human sera collected in Tanzania. Archived
sera that tested positive for immunoglobulin IgG antibodies to EBOV and RVFV using a
commercially available ELISA (Rugarabamu et al., 2021) were reanalysed using the in-
house EBOV whole antigen (WAg) and RVFV inhibition enzyme-linked immunosorbent
assay (Paweska et al., 2005; Paweska et al., 2019).

Results: AllEBOV positive sera turned out to be negative by In-House WAg EBOV ELISA.
Two of the nine positive IgG RVF commercial ELISA samples were reactive to the RVF In-
house ELISA, with inhibitory rates ranging from 66% to 99.6%. A slight agreement was
observed between the RVF in-house and the commercial ELISA (kappa value, 0.08; 28%,
11/40 in disagreement).

Conclusion: We found poor agreement between in-house and commercial ELISA tests
for EBOV and fair agreement between in-house and commercial ELISA tests for RVFV,
with the commercial ELISA detecting more cases than the validated in-house ELISA. The
current study emphasizes the challenges in diagnosing viral hemorrhagic fever in
Tanzania.

Keywords: Rift valley fever, Ebola virus disease, Tanzania, serologic tests, ELISA,
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Background

Viral haemorrhagic fevers (VHFs) are a group of zoonotic diseases caused by several
distinct groups of viruses from the families Flaviviridae, Phenuiviridae, Arenaviridae, and
Filoviridae. The VHFs reported in Sub-Saharan Africa include Crimean-Congo
haemorrhagic fever (CCHF), Ebola virus disease (EVD), Lassa fever (LF), Lujo
haemorrhagic fever (LUHF), Marburg virus disease (MVD), Rift Valley fever (RVF), and
yellow fever (YF) (Bray, 2005; Changula et al., 2014; lannetta et al., 2019; Mboussou et
al., 2019). The World Health Organization considers CCHF, EVD, MVD, and RVF among
the top 10 pathogens that pose the most significant risk to public health (WHO, 2018).
A number of countries in Africa have experienced sporadic and large outbreaks of VHFs
in recent years (Ericsson, 2001; Nicastri et al., 2019; lannetta et al., 2019; Rugarabamu et
al., 2020).

When VHF is suspected, prompt diagnostic laboratory testing is imperative (Pang et al.,
2013). Rapid access to specialized laboratory testing varies according to region and is
especially a challenge in resource-limited areas (Racsa et al., 2016). The enzyme-linked
immunosorbent assay (ELISA) and reverse transcription polymerase chain reaction (RT-
PCR) are mainstays of EVD and RVF diagnosis (Niikura et al., 2001). Although extensive
validation of these assays has not been conducted, sensitivities and specificities are
generally considered to be over 90% (Racsa et al., 2016). Unfortunately, the specificity of
ELISA diagnostic assays for VHFs is challenged by high degree of cross reactivity due to
the similarity that exists between pathogens (Gomez et al 2008; Sakamoto et al., 2018).
On the other hand, PCR-based diagnostics are sensitive and can be rapidly be developed
for emerging or mutating viruses, but they are beyond the resources and capability at a
level lower than the national level in most low-and middle-income countries. The feasibility
of an ELISA for the detection of antibodies to VHF has been reported (Swanepoel et al.,
1986; Paweska et al., 1995). Most countries have access to commercial kits, however
most of kits have not been adequately validated (Hur et al., 2020; Nyakarahuka et al.,
2020). This is largely due to the difficulties of obtaining panels of clinical materials sufficient
for assessing their effectiveness (Tighe et al., 2015).

A number of serosurveys have reported exposure of RVFV in human populations across
Tanzania (Ahmed et al., 2018; Matiko et al., 2018; Budodo et al., 2020; Medard et al.,2021;
Rugarabamu et al., 2021, Sindato et al., 2022). Very recently, a study that investigated
seroprevalence and risk factors for a selection of zoonotic viral haemorrhagic fevers in
Tanzania and found evidence of IgG antibodies to EBOV in the western zone of Tanzania
(Rugarabamu et al., 2021).

Assay comparisons are in high demand due to the reported increase in the magnitude of
exposure to viral haemmorhagic fever viruses research results. The Centre for Emerging
Zoonotic and Parasitic Diseases at the National Institute for Communicable Diseases
(NICD) in Johannesburg developed and tested point-of-care (POC) rapid diagnostic tests
(RDTs) based on derived antigen for the detection of antibodies to EBOV and RVFV in
humans (Paweska et al., 2005; Paweska et al., 2019). The cut-off values for these assays
were chosen to be 95% accurate. The ELISA sensitivity was approximately 99%. These
assays are useful for reporting diagnostic results, comparing patient results between
diagnostic laboratories, evaluating ELISA efficacies, determining seroprevalence rates,
infection risk population studies, and determining the occurrence of asymptomatic
infections (Thomas et al., 1999; Furuyama et al., 2020). VHFs’ serological diagnosis and
epidemiological investigations are facing challenges of limited diagnostic capacities. Low
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diagnostic capacity affects the interpretation of the findings of such epidemiological
surveys and, hence, results in inadequate infection control practices. The objective of this
study was to compare the diagnostic performance of a commercial enzyme-linked
immunosorbent assay (ELISA) with indirect ELISA assays validated at the National
Institute for Communicable Diseases (NICD, South Africa) for the detection of IgG
antibodies against RVFV and EBOV in human sera.

Materials and Methods

Source of sera

A panel of serum samples obtained from individuals in Buhigwe, Kalambo, Kyela, Kilindi,
Kinondoni, Kondoa, Mvomero, and Ukerewe districts in Tanzania and archived at Sokoine
University of Agriculture University of Agriculture, Morogoro was used. Aliquots of the sera
were previously tested for the presence of human immunoglobulin G (IgG) and
immunoglobulin M (IgM) antibodies against CCHF, EVD, MBV, RVF, and YF using
commercial ELISA kits (Rugarabamu et al., 2021). These sera were reanalysed using the
in-house EBOV whole antigen (WAg) and RVFV inhibition enzyme-linked immunosorbent
assay (Paweska et al., 2005; Paweska et al., 2019).

Sample and data collection

As part of standard testing, validated NICD in-house Indirect Enzyme-Linked
Immunosorbent Assays for the detection of antibodies to EBOV and RVFV were performed
on sera chosen based on clinical and laboratory findings from archival records. Two groups
of sera were formed. Group 1 included both positive and negative EVD sera. Group 2
consists of sera from both positive and negative RVF. The NICD in-house ELISA testing
was carried out at the Special Viral Pathogens Laboratory (SVPL), Centre for Emerging
Zoonotic and Parasitic Diseases (CEZPD), as previously described (Paweska et al., 2005;
Paweska et al., 2019).

Laboratory procedures

EBOV detection

Microtiter 96-well plates (Maxisorb Immunoplates, Nunc, Roskilde, Denmark) for Whole
Antigen ELISAs were coated with EBOV WAg and corresponding control antigen. WAg
and control antigens were added to the rows of the top half of the plate (rows A-D:
1-12) and the bottom half of the plate (rows E-H: 1-12), respectively. Antigens were
diluted in phosphate PBS (30 ml of antigen and control in 6 mils of Phosphate-Buffered
Saline (PBS). Each 96-well plate had four replicates of positive serum control (C++), two
replicates of negative serum control (C-) and two replicates of conjugate control (Cc). For
WAg, C++ was added to wells A 1-2 and B 1-2 coated with virus antigen and to
corresponding wells E 1-2 and F 1-2 coated with a control antigen. C was added to
C 1-2 and G 1-2, and Cc (1 ml milk in PBS) was added to D 1-2 and H 1-2.
The remaining wells (A-D 3-12 and E—H 3-12) were used to test 20 test sera in duplicate,
with test serum no. 1 added to wells A3 and B3 and corresponding E3 and F3; the
remaining test sera were added in the same manner. All reagents were added to the
immunoplates at a volume of 100 yL/well unless otherwise stated. Passive adsorption onto
ELISA plates was performed at 4°C overnight and all subsequent incubations (except for
substrate addition) were performed at 37°C in a humidified chamber for 1 hour.
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Following coating, plates were washed three times with 300 yL of PBS containing 0.1%
Tween 20. The same washing procedure followed each subsequent stage of ELISA.
Plates were blocked with 200 pL 10% non-fat milk powder in PBS. After incubation, plates
were washed, and control and test sera diluted 1:400 in 2% non-fat milk powder in PBS
(diluent buffer) were added. Each test serum, negative control serum and conjugate control
was tested in duplicate, and positive control was tested in quadruplicate. Following
incubation with the sera, the plates were washed and horse raddish-conjugated goat anti-
human 1gG (Invitrogen, ThermoFisher Scientific, USA). After incubation, plates were
washed and 2, 2’-azinodiethylbenzothiazoline sulfonic acid (ABTS) peroxidase (Seracare
Lifesciences, Milford, MA, USA) substrate added to the wells. Plates were incubated in a
dark at room temperature (+22 °C) for 30 minutes. Reactions were stopped by the addition
of 1% sodium dodecyl sulphate and the optical densities (OD) readings were measured at
405 nm. OD readings were converted into a percentage of the positive internal control
serum (PP) using the equation as previously described (Paweska et al., 2005). Briefly, a
specific activity of each serum (net OD) was calculated by subtracting the non-specific
background OD in the wells with control antigen from the OD in wells with virus antigen.
The mean net OD readings were converted to PP using the formula: PP = (mean net of
test serum/mean net OD of positive control) x 100. The cut off for positive samples’ PP
values was 213, with sensitivity and specificity being 96.4% and 99.6% respectively
(Paweska et al., 2018).

RFV detection

Inhibition ELISA was used to test for RVF using a protocol as previously described
(Paweska et al., 2005). Plates were coated overnight at 4°C with 100 ul polyclonal sheep
anti-RVF capture antibody diluted at 1:500 in PBS. After incubation, plates were washed
three times with the washing buffer (0,1% Tweeen-20 in PBS) and incubated with 10%
skim milk in PBS in a moist chamber for 1 hour at 37°C. Plates were washed 3 times with
the washing buffer and duplicate volumes of 100 pl of test and control sera (NICD-SPU)
diluted 1:400 added in rows A-D; 1-12 respectively to the corresponding wells in the
bottom half of the plate (rows E-G: 1-12). After incubation at 37°C for 1 h and washing 6
times with washing buffer, 100 pl of the virus (NICD-SPU) and control antigen (NICD-SPU)
diluted 1:200 in PBS containing 2% skim milk were added to both the rows of the top half
of the plate (rows A-D: 1-12) and of the bottom half of the plate (rows E-G: 1-12)
respectively. Plates were incubated for 1 h at 37°C, washed 3 times with the washing buffer
and mouse anti-RVF serum diluted 1:3,000 added to each well of the plate.

Plates were incubated again for 1 h at 37°C, washed 3 times with the washing buffer and
goat anti-mouse IgG conjugated with peroxidase diluted 1:4,000 added to each well for
1,h at 37°C. Plates were washed 6 times with the washing buffer and the reaction was
developed by the addition of ABTS (KPL Laboratories, Inc.). After incubation in a dark at
room temperature for 30 min the reaction was stopped by the addition of 100 pl 1% SDS.
Optical densities (OD) were determined at 405 nm. A specific activity of each serum (net
OD) was calculated by subtracting the non-specific background OD in the wells with control
antigen from the specific OD in wells with virus antigen. The mean OD readings for
replicate tests were converted to a percentage inhibition (PI) value using the equation:
[(100 — (mean net OD of test sample / mean net OD of negative control) x 100]. The cut
off for positive samples’ PP values was 260%, with sensitivity and specificity being 96.4%
and 99.6% respectively (Paweska et al., 2005).
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Statistical analysis

The data were entered in Excel (Microsoft Office Excel, 2012). A descriptive statistical
analysis was performed and the agreement between test results was calculated.
The level of agreement was expressed by means of the Cohen kappa statistic (McHugh
et al., 2012), using the following classification: “slight” (kappa value: 0.01-0.20), “fair”
(0.21-0.40), “moderate” (0.41-0.60), “substantial” (0.61-0.80), or “almost perfect’
agreement (>0.81) (Julius et al., 2005).

Ethical considerations

This study was approved by the Medical Research Coordinating Committee of the National
Institute of Medical Research in Tanzania (Reference No. NIMR/HQ/R.8c/ Vol.1/1612).
Written informed consent was obtained from all subjects =218 years, and consent was
obtained from parents or guardians of the respective individuals <18 years old following
subject’s assent.

Results

The 24 commercially positive ELISA sera (14 RVF and 10 EBOV) had an average age of
15 + 9 years (Table 5.1). More than half were female (16/24, 66.6%), and the majority were
farmers (37.5%). Most of positive sera were obtained from health facilities. Overall, 75%
(n = 18) were found to have fever during the clinical examination. A total of five (14%)
individuals tested positive for malaria.
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Table 1: Sociodemographic characteristics of commercial ELISA positive samples
examined at the Special Viral Pathogens Laboratory (SVPL), Centre for

Emerging Zoonotic and Parasitic Diseases (CEZPD), (n=24)
Variable RVF EVD
IgG IgM IgG IgM
Age (years) 0-15 1 - 1 1
16-30 3 2 2 1
31-45 2 1 2 1
46- 60 1 1 1 -
61-75 1 1 1 -
276 1 - - -
Sex Female 5 4 5 2
Male 4 1 2 1
Education None 3 2 3 2
level Primary 3 2 3 1
Secondary 2 1 1 1
College 1 - - -
Occupation Livestock keeping 4 1 - -
Business 1 1 2 -
Crop farming 3 2 3 1
Employed - - - -
Student 1 1 - 1
Others - - 1
Residence Buhigwe 1 1 6 2
Kinondoni 2 2 0 0
Mvomero 2 1 0 0
Kyela 0 1 0 0
Kalambo 1 0 1 1
Kondoa 1 0 0 0
Kilindi 0 0 0 0
Ukerewe 2 0 0 0
Sampling Household 2 2 2 1
location Facility 7 3 5 2
Current Yes 6 3 5 3
fever No 3 2 2 0
Malaria Positive 2 0 2 1

Key: RVF= Rift Valley fever; EVD= Ebola Virus Disease

The results for the tested sera with both inhouse and commercial ELISA are shown in
Table 2 None of the tested sera were positive for the In-House whole antigen EBOV ELISA.
These sera included seven sera which were IgG positive, three of which had the highest
OD reading; three sera which were IgM positive by the commercial ELISA; and 10 sera,
five from those tested negative and five from other VHF positive samples. The in-house
RVF-ELISA identified two positive IgG seropositive results in 22.2% of cases (2/9)
(Table 2).
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Table 2: Serological results of serum samples with in-house and commercial

ELISA
EBOV ELISA RVF ELISA
Inhouse Commercial Inhouse Commercial
+ +
+ + +
+ -
+ - -
+ - +
- - +
+ - +
+ - +
- +
- + NT
+ + NT
+ -
+ -
+ -
- +
- - - +
0/20 (0%) 10/20 (50%) 2140 (5%) 9/40 (23%)

Key: NT- Not tested - = Negative += Positive

For the sera tested, only a slight agreement was observed between the RVF in-house and
the commercial ELISA (kappa value, 0.08, mainly due to positive result in the in-house Ab-
ELISA and in the commercial Ab-ELISA (28%, 11/40 in disagreement). Kappa value could
not be established since the positive value for In-house EBOV was zero however there
was agreement of 52% between Wag EBOV in-house and the commercial ELISA mainly
due to negative result in the in-house ELISA and the commercial ELISA.
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Table 3: Distribution of EBOV in-house ELISA percentage positivity value for the
tested samples

Sample ID Mean Median Percentage Positivity
C++ 1.06175 1.072 100.9654
C- -0.283 -26.6541
CcC -0.001 -0.09418
BUH 077* 0.007 0.659289
KLM 476 -0.009 -0.84766
BUH 279 -0.026 -2.44879
KLN282 -0.007 -0.65929
KLM 261* 0.0205 1.930775
BUH 032* 0.007 0.659289
BUH 444 -0.003 -0.28255
BUH 406 -0.003 -0.28255
BUH 212 -0.001 -0.09418
BUH 181 -0.0035 -0.32964
BUH 332 -0.019 -1.7895
BUH 383 -0.106 -9.98352
BUH 211 -0.022 -2.07205
BUH 107 -0.0445 -4.19119
BUH 334 -0.03 -2.82552
KYL 008 -0.039 -3.67318
UKW 107 -0.012 -1.13021
KIN 432 -0.09 -8.47657
KIN 354 -0.0015 -0.14128
KYL 001 -0.0235 -2.21333

Key: *= Samples with highest OD reading on commercial ELISA BUH = Buhigwe district KLM
=Kalambo District KYL = Kyela District UKW = Ukerewe District KIN=Kinondoni district
KYL = Kyela District

Three of the samples with the highest optical density OD readings on commercial ELISA
(BUH 032, BUH 077, and KLM 261) tests also had the highest percentage positivity
readings on Wag ELISA (Table 3). The agreement between three samples with a high OD
ratio was fair, with a kappa value of 0.35 (76% of agreement).

Discussion

Our study observed the difference between commercial and in-house ELISA assays.
For example, the in-house RVF-ELISA identified two positive IgG seropositive results,
22.2% of cases, whereas none of the tested sera were positive for In-House Wag EBOV
ELISA. These observations may suggest that the tests perform consistently across the
different groups with precise estimates of very high specificities but with more uncertainty
in these populations. The results of this study are in line with diagnostic assay assessment
studies by others (Toni et al., 2016; Nyakarahuka et al., 2020). However, there potential
inflation of the standard errors between the two kits (Thompson & Van den Bruel, 2011;
Umemneku et al., 2019).

WAg test in this study could not detect any EBOV which were previously detected by
commercial ELISA. The most probable explanation for this discrepancy is likely to be the
nature of the used antigens (Reverberi & Reverberi, 2007). In this study, the commercial
test used less antigen than the in-house ELISA and, hence, this could have affected its
capacity to detects distinct subsets of infected animals (Anderson et al., 2019). On the
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other hand, considering the specificities of the in-house ELISA versus commercial ELISA
(Paweska et al., 2019) and the cross-reactivity with other viruses, the possibility of false
results that might overestimate the seroprevalence among the study populations cannot
be completely ruled out. To minimise the probability of cross reactivity, the commercial test
used was the My BioSource EV-ELISA, which uses inactivated and homogenized EBOV
and was reported to detect 2 of 3 EVD survivors and the same 2 out of 10 EVD contacts
tested positive while the control HCWs remained negative (Herrera et al., 2018).

In this study, in-house validated assay was utilised, which is essential for reporting
diagnostic or research results. The diagnostic decision limit, or cut-off, represents a
serological assay test value that is used to dichotomize negative and positive results, and
by inference, to define the infection status of an individual against a specific pathogen of
disease (Olsen et al., 2022). Data used to determine the cut-off may be affected by several
factors, including the distribution of covariate factors (genetic, nutritional, geographical,
and infection stage).

Three participants with fever who reacted with a commercial kit showed a significant
deviation from the negative control of the specific plate by having a high PP value. Although
this is below the cut-off point and considered negative, given the magnitude of febrile
illnesses of unknown origin that are reported (Crump et al., 2013), it remains subjective
and calls for continued surveillance and intense epidemiological investigations. It is equally
critical to evaluate the pathogenicity and the likelihood that unidentified, serologically
cross-reacting, and non-pathogenic members of the filo virus families may be present in
Tanzania. Particularly given that this is only observed in regions with close interactions to
outbreak areas and associated risk factors (Rugarabamu et al., 2021).

Discrepancies in positivity rates could reflect several factors. But it is also obvious that the
type of assay and methods lead to result bias and therefore probably detect a distinct
subset of infected humans at different evolutionary moments of infection (van Belkum et
al., 2007). This could explain the high positive rate that was detected among participant
from hospital facilities who had fever compared to those from the household. The current
methodological differences available between countries and the constraints of the access
to diagnostic kit imposes limitations. This explorative study demonstrated that it is possible
to improve detection and confirmation of VHF.

Conclusions

The findings of this study indicate differences between commercial and in-house ELISA in
the sample tested for EBOV and RVF. The results indicated that there was poor agreement
between in-house and commercial ELISA tests for EBOV and fair agreement between in-
house and commercial ELISA tests for RVFV, with the commercial ELISA detecting more
cases than the validated in-house ELISA. The current study emphasizes the difficulties in
diagnosing viral hemorrhagic fever in Tanzania. The in-house protocols described here
can be recommended as a screening test for the identification of viral haemorrhagic fevers
in Tanzania since they were developed specifically with virus antigens which could explain
the disparate results with the commercial test, although further evaluation of commercial
test performance is needed. The current study emphasizes the challenges related to the
diagnosis of viral hemorrhagic fever in Tanzania.
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CHAPTER THREE

3.0 General Discussion conclusions and Recommendations
3.1 General Discussion

The systematic review analysed the trend in EVD during the 40 years and found no
statistically significant change over time in case fatality rates. The findings indicate a
substantial heterogeneity between outbreaks. However, in most outbreaks more than half
of the individuals who contracted EVD were likely to die from the disease. This could mean
that the severity of ebolaviruses has not changed or little has been improved in the
management of the EVD cases. The current surveillance system for outbreak detection
and response requires immediate confirmation of positive cases (Hamblion et al., 2018;
Broni et al. 2020). However, in most Sub-Saharan Africa, the health systems have
inadequate capacities for early detection and prompt response (Olumade et al., 2020).

Current EVD control measures such as case management, vaccination, active
surveillance, case identification and isolation, and strategic community engagement have
helped to contain outbreaks. However, many people still die, and more epidemics are likely
to occur in the previously affected and new geographical areas. It is therefore important
that studies on the role of reservoir in the transmission of EVD are undertaken. There is
also a need to accelerate research and development for novel diagnostic tools, drugs, and
safe and efficacious vaccines. The findings of this review advocate for the need to develop
a strategy to reduce transmission between human beings and wildlife through a shared
commitment as part of the solution to the future control of EVD outbreaks. Overall, the
success of EVD control requires a balance between bioscience, and socio-anthropological
sciences to facilitate early detection and response to unusual disease events.

To establish the possibilities of introduction of EVD into Tanzania, a situation analysis was
carried out as part of this study. High probabilities of introducing EVD from DRC to
Tanzania through the assessed pathways were associated with the viability of the
pathogen and low detection capacity at the ports of entry. This study identified that both
DRC and Tanzania use thermal scans for screening. The effectiveness of this method can
be challenged by the fact that peak viremia or assumed infectivity occurred 2-8 days of
disease onset, time which coincides with the severity of symptoms (Eichner et al., 2011;
Rajak et al., 2015; Jacob et al., 2020). A person with an asymptomatic infection and in
incubation period does not appear to be infectious in that case patient isolation within eight
days of infection can limit transmission (Breeching, 2014).

The risk of transmission during the incubation period or from asymptomatic persons is
negligible. However high risk of silent spread by asymptomatic persons has been
speculated (Moyen et al., 2015). Infected persons who remain asymptomatic play a
significant role in the recent epidemics (Mbala et al., 2017). Because of the high risk of
silent spread by asymptomatic persons, it is imperative that testing programmes are
supplemented with conventional diagnostic testing to both symptomatic and asymptomatic
persons from outbreak region.

This study suggests that both active screening and movement monitoring of arrivals should
go together to limit exposure and spread from DRC to Tanzania. Case detection could be
a useful strategy for delaying the entry of EVD into Tanzania and limiting the opportunity
for the virus to spread. To effectively intensify screening without causing much burden to
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the health system, provision of information to arriving travelers, and effective
communication with local communities and health personnel, are measures considered
effective disease control currently in Tanzania.

Epidemiological studies were carried out to establish the prevalence of VHF in Tanzania.
This thesis provides findings of the first serological survey of five VHFs in different
ecological zones in Tanzania. Results of this study indicated that VHF infections are
prevalent among human populations in Tanzania. The highest VHF antibody
seroprevalence was recorded in western Tanzania while the lowest seroprevalence was
in the semi-arid central Tanzania. Serological evidence of RVF and CCHF has been
reported consistently for high-risk groups in Tanzania's diverse ecological zones
(Swanepoel et al., 1987, Matiko et al., 2018). Antibodies observed in this study imply that
RVF and CCHF antibodies are still circulating from decades age (Sindato et al., 2010,
Paweska et al., 2018).

There is a high probability that the virus is circulating or hiding in the reservoirs silently,
with the potential to cause n epidemics. This is also true for antibodies to Ebola and
Marburg virus observed in this zone. Both Ebola and Marburg viruses are endemic to
Africa mostly in areas with forest and rainfall, the important features for bats survival
(Luis et al., 2013; Schuh et al., 2017). Most of these seropositivities were detected in
Buhigwe one of the study risk samples within the zone. The district is located near DRC a
country that historically had several EVD outbreak epidemics. DRC have recently reported
several regions and neighbourhood with Ebola infection without clinical symptoms
(Glennon et al., 2019; Goldstein, 2020). The observed seropositivity of EVD and MBV in
this study support this and other reports elsewhere in Africa which observed the absence
of severe clinical manifestations associated with asymptomatic or mild infections,
suggesting subclinical forms of the diseases does occur (Boisen et al., 2015; Brainard et
al., 2016; Budodo et al., 2020). Multiple factors have been implicated in the high
seroprevalence of VHFs observed in this study zone.

The prevalence rate of antibodies against YFV in the areas without reported outbreak was
reported in a previous study conducted in eastern and central Africa whereby there was a
slightly higher seroprevalence that was unexpected and explained by the higher rate of
daily commuters from neighbouring countries, migration of refugees, and seasonal
movement of pastoralists in search of pasture (Lilay et al., 2017; Asebe et al., 2021).

The findings of this study indicate that contact with wild animals and keeping goats were
significantly associated with RVF seropositivity. Domestic and wild animals may play a role
as maintenance hosts of the RVF virus and serve as sources of the virus during inter-
epidemic periods contributing to sporadic outbreaks (Matiko et al., 2018; Rright et al.,
2019; Lubisi et al., 2020). On the other hand, contact with bats was a potential risk for MBV
seropositivity as reported previously by other studies (Monath, 1999; Towner et al., 2007).
Several studies in Africa have reported the close interaction of non-human primates and
bats during outbreaks of MVD (Adjemian et al., 2011; Wood et al., 2012; Green, 2012).

In this thesis, in-house a whole EBOV antigen (WAg) ELISA and RVF inhibition ELISA
were used to retest commercial ELISA positive EBOV and RVF samples. In sera that were
EBOV positive by ELISA, commercial kits were negative by the in-house evaluated ELISA.
One third of the samples that were reactive to the RVF ELISA commercial kit were reactive.
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The results of these approaches may appear contradictory, given the uniqueness of the
tests used. Previous studies comparing the performance of in-house ELISA with
commercial ELISA to detect EBOV confirmed inherent differences amongst assay systems
(Sanches et al.,1993; Paweska et al., 2019) and thus advised that binding-antibody levels
should be expressed in relative rather than absolute terms (Natesan et al., 2016).
In addition, the binding of antibodies to cellular contaminants present in EBOV-infected
cell lysates may lead to cross-reactivity, resulting in reduced specificity (Nakayama et al.,
2010; Paweska et al., 2018). The viral inactivation protocols evaluated in the commercial
kit used indicate that they do not alter detectable levels of anti-EBOV-antibodies, thus
providing a safe and reliable testing platform (Herrera et al., 2018). The observations made
in this study require confirmation using the entire arsenal of diagnostic methods. If, in this
case, no evidence is found to refute the cross-reactions, they are either transferred to the
category of false positives, or are explained by the positions of classical epidemiology (Van
Steelandt et al., 2017). At the same time, there are more and more facts that show that
the amino acid sequences of nucleoprotein, NP of the Marburg and Ebola viruses have a
high degree of homology not only with themselves but also with other viruses (Sanches et
al., 1993). Given the magnitude of febrile ilinesses of unknown origin that are reported in
Tanzania (Crump et al., 2013), it remains subjective and calls for continued surveillance
and intense epidemiological investigations. It is equally critical to evaluate the
pathogenicity and the likelihood that unidentified, serologically cross-reacting, and non-
pathogenic members of the filovirus families may be present in Tanzania. This is especially
noteworthy given that it is only observed in regions with close interactions to outbreak
areas and associated risk factors (Rugarabamu et al., 2021).

The object of this study was to confirm or exclude the presence of cross-reacting
antibodies induced and, in the case of a positive response, to approach the elucidation of
the mechanism of the appearance of such antibodies. The other explanation for this
observation could mean antigen-capture ELISA methods are more sensitive but prone to
false positives and false negatives (Bannister, 2010). To avoid this challenge, results need
to be interpreted with caution until confirmation with gold standards is done.

Concurrent malaria and VHF infections were detected in about 2% of the febrile individuals
in Tanzania. VHF such as RVF and CCHF, and malaria are known to occur in Tanzania
(Mohammed et al., 2010; Ahmed et al. 2018), allowing concurrent infections in patients as
previously reported in endemic regions (Waxman et al., 2017). The presence of antibodies
against RVF, CCHF, EVD, MVD and malaria in this study was highly unexpected.
The results are alarming because if sublethal VHF infections commonly occur, they are
likely to be missed in co-infections with malaria. The serological results are based on PoC
tests, which also have limitations associated with the possibility that one or more as-yet-
unknown viral haemmorhagic fever viruses are circulating among the human populations
sampled in this study, producing antibodies cross-reactive. The results of this study should
be interpreted with caution. However, useful information gathered on the presence of VHF
and malaria co-infections could indicate the need to improve viral haemorrhagic fever
detection in febrile patients.

This study discovered a disparity in knowledge levels in a region where several disease
awareness campaigns have been implemented. The results could indicate a continued
need for more information and, indeed, specify the areas in which more information is
needed. The fact that the information being demanded is of a very basic nature (preventive
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and protective measures, nature of the disease, modes of transmission, signs and
symptoms, and causes), clearly points to some areas that need strengthening. VHF
messages in information, education, and communication (IEC) materials (IEC, radio
broadcast, and inter-personal communication) must be refined, particularly on VHF
causes, transmission, and preventive measures, as well as reinforcing signs and
symptoms, while simultaneously improving the quality and content of training provided to
mobilizers and radio broadcasters to effectively deliver those messages. More information
is also needed to facilitate appropriate care because of the changing nature of the disease.
Risk Communication and Community Engagement (RCCE) should probably engage high
level administrative, religious and political leaders to participate in prevention, and help
raise not only community knowledge but more on behavioral change that will impact on
good practice.

In conclusion, Research output has facilitated scientific response to the viral haemorrhagic
fever pandemic. The findings of this study fit into a number of key areas that were it is
incompletely understood and helps to highlight the benefits gained. The evidence of risk
of disease entry from the outbreak region following the occurrence of an outbreak in a
neighboring country using real data highlights the importance of cross-border monitoring
in the prevention of disease occurrence.

Evidence from KAP studies established that population levels of knowledge were low and
remained even with the previous explained campaigns, which indicates the need to
redesign and strategise education models that will ensure effectiveness and efficient
information for prevention and control. Serological studies are important for epidemiology
and surveillance, and they help in assessing risk factors that can feed into control and
prevention strategies. However, as a result of the previous outbreaks, available tests have
been developed to detect antibodies focusing on already known species. There is a
significant challenge if expression differs depending on the biological environment within
hosts. In addition, the lack of validated multiplex assays for testing viral haemorrhagic
fevers and the laboratory facilities for validation is a big challenge. Developing capacity in
Tanzania will greatly help in providing a detailed epidemiological understanding of VHFs
in the country.

3.2 Conclusions

From the results of this thesis, it can be concluded that Sub-Saharan Africa faces
considerable challenges in EVD clinical management, prevention, and control which may
increase the risk of disease in non-outbreak reported regions.

In Tanzania, the exposure and risk of viral hemorrhagic fevers have not been fully
evaluated or exploited. It is clear that viral hemorrhagic fevers are a growing threat and
may contribute significantly to the number of febrile ilinesses in the country. The potential
for improving management and control lies in facilitating health facility effectiveness
through improved transfer of knowledge on general management, disease control, and the
provision of effective diagnostic tools, in addition to periodic assessment of the
identification, management, and prevention constraints in the  system.
Risk Communication and Community Engagement (RCCE) should probably engage at-
risk communities' including administrative, religious, and political leaders to participate in
prevention and help raise not only community knowledge but more on behavioural change
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that will impact good practice. The risk of introducing EVD from DRC to Tanzania in this
thesis is high. Infected humans arriving via land are the most likely pathway of EVD entry,
and therefore, mitigation strategies should be directed towards this pathway.

Highest VHF seroprevalence was found in western Tanzania which is at high risk of
introduction from DRC. Frequent EVD outbreaks in closer regions in DRC urge the need
to intensify the surveillance system, including screening and registering travellers within
all the border entry points to prevent disease importation.

Viral hemorrhagic fevers due to CCHF, EVD, MVD, RVF, and YF viruses are prevalent in
Tanzania and vary from one ecological zone to another. While RVF antibodies were found
in all eight districts, CCHF was detected in six districts, and EVD, MVD, and YF in four
districts. Contact with wild animals and keeping goats were significantly associated with
RVF seropositivity, while contact with bats was a potential risk for MVD seropositivity.
This study provides evidence of exposure to CCHF, EVD, MVD, RVF, and YF in Tanzania.
Considering the detection of both IgM and IgG positivity for the viruses in this study, it can
be concluded that these viruses were circulating very recently with a high probability of
active circulation.

Seroprevalence data show that co-infections of malaria and VHF are also prevalent in
Tanzania. The co-infection rate was higher among the older individuals. These findings
therefore suggest that case management of febrile ilinesses should be based on adequate
laboratory diagnosis. The knowledge of VHF among the studied communities is low, while
a significant proportion of the community is involved in activities that expose them to the
disease pathogens. The findings therefore, highlight the need for reapproaching health
education and promotion efforts on VHF targeting specific populations.

This study observed poor agreement between the in-house and commercial ELISA tests,
whereas the commercial ELISA seemed to detect more cases than the validated in-house
ELISA. The discrepancy observed highlights the potential inflation of the standard errors
when the different assays are used. The current study emphasizes the challenges related
to the diagnosis of viral hemorrhagic fever in Tanzania. These findings suggest there is a
need to improve the detection of viral haemorrhagic fever in Tanzania.

3.3 Recommendations

The limitation of this study, however, is the discrepancy observed between commercial
and in-house ELISA. In previous studies, the phenomenon of cross-immunoreactivity
among pathogens of viral, bacterial, and other infections within the same family is beyond
doubt, and if such cross-activity is manifested in pathogens from different families such
data require confirmation using the entire arsenal of diagnostic methods. If, in this case,
no evidence is found to refute the cross-reactions, they are either transferred to the
category of false positives or are explained by classical epidemiological positions.
Although this study detects antibodies generated against recombinant Ebola virus protein
GP, we cannot be sure that these signals are generated against only Ebola virus.
The WAQ test in this study could not detect any EBOV, which had previously been detected
by commercial ELISA. We strongly recommend other diagnostic techniques such as
neutralization tests to confirm which VHF species involved or if indeed these reactions
seen are against targeted viral hemorrhagic fever viruses, not other pathogens or
biological mimicry.
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We know, for example, that Tanzania is one of the hotspot areas for viral hemorrhagic
fever, and the western part of the country has a high prevalence of Ebola virus antibodies.
The region bordering DRC has the possibility of similar ecosystems and risk of disease
introduction, so the signal we are seeing could be due to a virus. The results obtained
could be interpreted positively because it means that infection or exposure by one virus
species could lead to infection by another. The Center Point of these uncertainties in the
findings highlights the true VHF diagnostic challenge. Because many species have the
potential to cross-react with each other, especially when the target analyte is IgG, there is
a need to explore other methods such as the Luminex multiplex assay that can detect
multiple analytes. Finding true antigens against viral hemorrhagic fever could increase our
knowledge of viral hemorrhagic fever in the country for better improvement of management
and control. Since the majority of the sampled participants were asymptomatic at the time
of sampling with no previous reports of sickness, RTPCR would be a helpful technique to
use.

From the present study, it is evident that A novel approach to preventing a future outbreak
in Sub-Saharan Africa should include a broad-based, one-health approach; effective
communication; social mobilization; and strengthening health systems. The same is true
for Tanzania, public awareness and sensitization about EVD and other potentially
infectious diseases, with a focus on cross-border communities, are needed. Healthcare
facilities need to be well-equipped with measures to ensure a high disease containment
capacity. Evidence of exposure and risks identified in this study calls for the need to
strengthen the surveillance system and management of febrile illnesses in Tanzania.
Health systems should be strengthened for differential diagnosis of viral hemorrhagic
fevers to improve clinical management and patient outcomes. At-risk communities should
be engaged to raise community knowledge and behavioral change that will impact good
practice. Further serological studies in Tanzania to determine antibody characteristics of
the human and animal populations, isolate and identify viruses, and elucidate vertebrate
host and vector characteristics are desirable. Genomic surveillance of VHF circulating in
Tanzania should be instituted by utilizing currently available cost-effective technologies
and designing and developing nucleic acid detection assays that will allow rapid
epidemiological and clinical detection of a pathogen to confirm infection.
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APPENDICES

Appendix 1: Structured questionnaire

Assessment of risk factors associated with increased probability of viral haemorrhagic

fever virus exposure in Tanzania
Interviewer names

A. ldentification Information (To be filled by Interviewer)

A.1 Region:

A.2 District done

A.3 Village/Street

A.4 Date of interview/sample collection

of facility

(dd/mmiyyyy): [ A O

A.5Place of sample/data collection 1. Household | 2. Facility ]
6.0. Facility

A.6. If A.5 = “2”; mention the name and level | name

Level: 6.1. Dispensary | , 6.2. Health Centre [ ],
6.3. Hospital [__]

B. Participant details (To be filled by Interviewer)

B.0 Participant ID (Take from names
sheet; use it to label the sample). The
first three letters represent the district
name (Refer A.2) followed by three
numbers representing the ID of

N Ny I I

village/street?

participant).
B.1 Age (years) / (months) LI 0
B.2 Sex 1.Male[ ] 2.Female[ ]
B.3 Place of Living (Village/street) | |
B.4 How long have you lived in this Years[ ] Months [ ]

B.5 Occupation (multiple selection)

1=Livestock farming

2=Crop farming

3=Fishing

4=Hunting

3=Informal sector (Daily labored/self-employed)
4=Formal employment (Public service, /private
sector/NGOs)

6=Student (primary/secondary)
7=Business/trader

8=Mining

8=0thers, specify _

B.6 Highest Educational level of the
respondent

1= Primary school; 2=Secondary school
3= College/University; 4=Vocational training school;
5= Adult education; 6=None

C. Travel history ( to be filled by Interviewer)
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C.1 On average how many times have you 1=none
been outside your region during the past 12 | 2= weekly

months? 2=monthly
3=quarterly
C.2 Please, mention the countries other 0. Never been outside Tanzania

than Tanzania where you have been to

during the past 12 months

wn e

D. Clinical Assessment

Present lliness

Write notes, if any

For the past one months:
D.1.Ever suffered from fever? Yes[ ]No [ ] NK[_]

D.2.History of fever persisting after using antimalarials  Yes[ ] No [ ] NK[_]

1[]Yes 2[]No
D.3 Headache
1[]Yes 2[]No
D.4 Rash
1[]Yes 2[ ] No
D.5 Muscle, bone, back or joint pain
1[]Yes 2[ ] No
D.6 Bleeding from natural body openings
1[]Yes 2[]No
D.7 Nausea
1[]Yes 2[ 1 No
D.8 Vomiting
1[]Yes 2[ ] No
D.9 Bruising
1[]Yes 2[]No
D.10 Fatigue
1[]Yes 2[]No
D.11 Stomach ache
1[]Yes 2[ ] No
D.12 Red spots (skin/eyes/mucosa)
1[]Yes 2[ ] No
D.13. Jaundice
D.14 Others, specify 1[]Yes 2[]No
E. Exposure risk practices (To be filled by interviewer)
During the past three months; has participant:
E.1 Have you Visited caves? []Yes [ ]No [ INK
E.2 Have you Visited mines? []Yes []No [INK
E.3 Do you have piped water at home? [ ]Yes [ 1No [ INK
E.4 Do you frequently visit recreation facilities? [ ]Yes [ INo [ INK
E.5 Do you use mosquito net? [ ]Yes [ 1No [ INK
E.6 Do you use mosquito repellants? [ ]Yes [ 1No [ INK

E.7 Are there some stagnant water bodies at home? [ ]yes

[ 1INo [ INK
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Appendix 2: Informed Consent Seroprevalence of Viral Haemorragic fevers in
Tanzania: Strengthening Scientific capacity for Surveillance and
Response

SOKOINE UNIVERSITY OF AGRICULTURE (SUA)
SACIDS Africa Centre of Excellence for Infectious Diseases
of Humans and Animals in Eastern and Southern Africa

2\ College of Veterinary Medicine and Biomedical Sciences 3@3
e P.O Box 3015, Chuo Kikuu, Morogoro, Tanzania \W/

Tel: +255 23 264 0037; +255 787 011 677

Participant’s Consent Statement

The following statement will be read to all individuals asked to participate in the survey.

My name is ......oooiiiiiii , and | am working for the National Institute for
Medical Research (Tanzania)/Sokoine University of Agriculture/Muhimbili University of Health and
Allied Sciences in collaboration with the Korean National Health Institute. We are carrying out a
study to establish the risk of Viral Haemorrhagic Fevers in Tanzania. It is your free choice to be part
of your study. The results of the survey will lead to a better understanding of the risk of VHF in our
country.

A trained laboratory technologist will describe to you about the collection of blood and urine for
testing of VHF viruses. He/she will seek your permission to collect the specimen from you. She/he
will ask for 5mls-10mls of blood which he/she will take from your hand using a syringe and needle.
The blood specimen will be taken to a laboratory at Sokoine University of Agriculture in Morogoro
and tested for VHF viruses. If it is found to be positive then the specimen will be shipped to a
laboratory in Korea for further testing and approval. The results of the test will be kept confidential.

There is the possibility of mild discomfort, bruising and very rarely infection at the site where the
blood is taken. But, should you be injured as a direct result of participating in this survey, you will
be provided with medical care at a local public health facility at no cost.

You are free to choose to be part of this survey. However, if you accept to take part in this study,
there will be no payment to you. The facts about you from this survey will be kept confidential as
directed by the Laws of the United Republic of Tanzania. No names will be used on any of the
survey reports, publications or presentations. Only we, the researchers, will ever see the surveys
with people’s names. If you choose not to participate in this study, that is fine too. You will not be
treated differently by the health personnel in this area. You may ask the researchers any questions
you have at any time.

Do you wish to participate? YES; NO (Please circle)
Signature
If you have any questions regarding this research, you may ask the research staff or contact
Dr. Leonard Mboera, Leader, Emerging and Vector-borne Diseases, Southern African Centre for
Infectious Disease Surveillance, P.O. Box 3297, Morogoro, Tanzania; Telephone: +255 754
314701; E-mail: Imboera@gmail.com

If you have questions about your rights as participant in this research, please contact the
chairperson of the National Health Research Ethics Review Committee of the National Institute of
Medical Research, at 255 22 2121400.
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Appendix 3: Kiambatanisho la: Tamko La Ridhaa Utafiti Kuhusu Magonjwa
Yasababishayo Uvujaji Wa Damu Mwilini Nchini Tanzania: Kujenga
Uwezo Wa Ufuatiliaji Na Udhibiti

SOKOINE UNIVERSITY OF AGRICULTURE (SUA)
SACIDS Africa Centre of Excellence for Infectious
Diseases of Humans and Animals in Eastern and
Southern Africa
College of Veterinary Medicine and Biomedical Sciences

R0,

P.O Box 3015, Chuo Kikuu, Morogoro, Tanzania W
Tel: +255 23 264 0037; +255 787 011 677

Taarifa ifuatayo itasomwa kwa kila mshiriki (umri miaka 218) katika utafiti huu.

Mini ni Lo , kutoka Taasisi ya Taifa ya Utafiti wa Magonjwaya
Binadamu/ Chuo Kikuu cha Sokoine cha Kilimo/ Chuo Kikuu cha Tiba ha Sayansi Shirikishi
cha Muhimbil. Tunafanya utafiti kuhusu uwepo na kiwango cha maambukizi ya magonjwa
ya virusi yanayosababisha uvujaji wadamu katika binadamu. Magonjwa hayo ni pamoja
na Homa ya Manjano, Homa ya Bonde la Ufa. Matokeo ya utafiti huu yatatoa takwimu
kuhusu viwango vya maambukizi katika jamii za Tanzania na hivyo kuisadia serikali
kupanga mipango madhubuti ya kuthibiti magonjwa ya milipuko.

Mtaalamu wa maabara atakuelezea kuhusu zoezi hili na kukuomba ruhusa kuchukua
sampuli ya damu kiasi cha mililita 5-10 kutoka mkononi mwako kwa kutumia sindano
maalum. Sampuli hiyo ya damu itapelekwa maabaraya Chuo Kikuu cha Sokoine cha
Kilimo kwa uchunguzi wa kitaalamu. Kama kutakuwa na viashiria vyakuwepo maambukizi
ya virusi, sampuli zitapelekwa kwenye maabara zenye uwezo mkubwa zaidi huko nchini
Korea. Matokeo ya uchunguzi wa kimaabara yatahifadhiwa kwa usiri mkubwa.

Kitendo cha utoaji damu kinaweza kuleta usumbufu au kusababisha maumivu kidogo.
Kama hilo litatokea, utapewa huduma katika vituo vya afya bila malipo.

Uko huru kushiriki katika utafiti huu. Iwapo utakubali kushiriki, hakutakuwa na malipoy
oyote. Taarifa zako zote zitahifadhiwa kwa usiri mkubwa kama sheria za Jamhuri ya
Muungano wa Tanzania zinavyoelekeza. Majina ya washiriki wote katika utafiti huu
hayatawekwa wazi katika ripoti zote zitakazotokana na utafiti huu. Kama hutapenda
kushiriki katika utafiti huu, itakuwa ni sawa tu. Bado utaendelea kupewa huduma zote za
afya unazohitaji kutoka kwawa hudumu na vituo vyote vya hudumaza afya kama kawaida.
Unaweza kuuliza maswali yoyote na wakati wowote kuhusu utafiti huu.

Je uko radhi kushiriki? NDYO; HAPANA (Zunguishia jibu lilotolewa)
Sahihi ya mshiriki
Kama kuna maswali yoyote kuhusu utafiti huu, unaweza kumuuliza Mtafiti Mkuu Dkt.
Leonard Mboera wa wa Kituo cha Ufuatiliaji wa Magonwja Kusini mwa Afrika, S.L.B 3297,
Morogoro, Tanzania; Simu: +255 754 314701; Baruapepe: Imboera@gmail.com

Kama unahitaji kuuliza maswali kuhusu haki zako kama mshiriki wa utafiti, basi wasiliana
na Mwenyekiti wa Kamati ya Taifa ya Maadili ya Utafiti wa Afya, Taasisi ya Taifa ya Utafiti
wa Magonjwa ya Binadamu kwa simu Na. +255 22 2121400.
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Appendix 4: Child assent form seroprevalence of viral haemorragic fevers in
tanzania: strengthening scientific capacity for surveillance and
response

SOKOINE UNIVERSITY OF AGRICULTURE (SUA)
SACIDS Africa Centre of Excellence for Infectious

Diseases of
Humans and Animals in Eastern and Southern Africa
B = College of Veterinary Medicine and Biomedical S@S
o Sciences \W/

P.O Box 3015, Chuo Kikuu, Morogoro, Tanzania
Tel: +255 23 264 0037; +255 787 011 677

Child assent statement: The following statement will be read to all children under the age of 18 requested
participate in the survey.

MY NAME IS .. e , and | am working for the Sokoine University of Agriculture/
National Institute for Medical Research/ Muhimbili University of Health and Allied Sciences in collaboration
with the Korean National Health Institute. We are carrying out a study to establish the risk of Viral Haemorrhagic
Fevers in Tanzania. It is your free choice to be part of the study. The results of the survey will lead to a better
understanding of the risk of VHF in our country.

A trained laboratory technologist will describe to you about the collection of blood and urine for testing of VHF
viruses. He/she will seek your permission to collect the specimen from you. She/he will ask for 5-10mls of
blood which he/she will take from your hand using a syringe and needle. The blood specimen will be taken to
a laboratory at Sokoine University of Agriculture in Morogoro and tested for VHF viruses. If it is found to be
positive then the specimen will be shipped to a laboratory in Korea for further testing and approval. The results
of the test will be kept confidential. There is the possibility of mild discomfort, bruising and very rarely infection
at the site where the blood is taken. But, should you be injured as a direct result of participating in this survey,
you will be provided with medical care at a local public health facility at no cost.

You are free to choose to be part of this survey. However, if you accept to take part in this study, there will be
no payment to you. The facts about you from this survey will be kept confidential as directed by the Laws of
the United Republic of Tanzania. No names will be used on any of the survey reports, publications or
presentations. Only we, the researchers, will ever see the surveys with people’s names.

If you sign this paper, it means that you have read this and that you want to be in the study. If you don’t want
to be in the study, don’t sign this paper. Being in the study is up to you, and no one will be upset if you don’t
sign this paper or if you change your mind later.

Your signature (Child): Date
Your name: Date
Signature of person obtaining consent: Date
Name of person obtaining consent: Date

If you have any questions regarding this research, you may ask the research staff or contact Dr. Leonard
Mboera, Leader, Emerging and Vector-borne Diseases, Southern African Centre for Infectious Disease
Surveillance, P.O. Box 3297, Morogoro, Tanzania; Telephone: +255 754 314701; E-mail:
Imboera@gmail.com

If you have questions about your rights as participant in this research, please contact the chairperson of the
National Health Research Ethics Review Committee of the National Institute of Medical Research, at 255 22
2121400.
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Appendix 5: Kiambatanisho 2b: Tamko la kukubali kushiriki utafiti kuhusu
magonjwa yasababishayo uvujaji wa damu mwilini nchini tanzania:
kujenga uwezo wa ufuatiliaji na udhibiti

SOKOINE UNIVERSITY OF AGRICULTURE (SUA)
SACIDS Africa Centre of Excellence for Infectious
Diseases of Humans and Animals in Eastern and

Southern Africa SAES

College of Veterinary Medicine and Biomedical 3 7

Sciences mgee™
P.O Box 3015, Chuo Kikuu, Morogoro, Tanzania
Tel: +255 23 264 0037; +255 787 011 677

Taarifa ifuatayo itasomwa kwa kila mtoto mshiriki (umri miaka <18) katika utafiti huu.
Minini o , kutoka Chuo Kikuu cha Sokoine cha Kilimo/
Taasisi ya Taifa ya Utafiti wa Magonjwaya Binadamu/ Chuo Kikuu cha Tiba na Sayansi
Shirikishi cha Muhimbili. Tunafanya utafiti kuhusu uwepo na kiwango cha maambukizi ya
magonjwa ya virusi yanayosababisha uvujaji wa damu katika binadamu. Magonjwa hayo
ni pamoja na Homa ya Manjano, Ebola na Homa ya Bonde la Ufa. Matokeo ya utafiti huu
yatatoa takwimu kuhusu viwango vya maambukizi katika jamii za Tanzania na hivyo
kuisadia serikali kupanga mipango madhubuti ya kuthibiti magonjwa ya milipuko.

Mtaalamu wa maabara atakuelezea kuhusu zoezi hili na kukuomba ruhusa kuchukua
sampuli ya damu kiasi cha mililita 5-10 kutoka mkononi mwako kwa kutumia sindano
maalum. Sampuli hiyo ya damu itapelekwa maabaraya Chuo Kikuu cha Sokoine cha
Kilimo kwa uchunguzi wa kitaalamu. Kama kutakuwa na viashiria vyakuwepo maambukizi
ya virusi, sampuli zitapelekwa kwenye maabara zenye uwezo mkubwa zaidi huko nchini
Korea. Matokeo ya uchunguzi wa kimaabara yatahifadhiwa kwa usiri mkubwa.

Kitendo cha utoaji damu kinaweza kuleta usumbufu au kusababisha maumivu kidogo.
Kama hilo litatokea, utapewa huduma katika vituo vya afya bila malipo.

Uko huru kushiriki katika utafiti huu. Iwapo utakubali kushiriki, hakutakuwa na malipo
yoyote. Taarifa zako zote zitahifadhiwa kwa usiri mkubwa kama sheria za Jamhuri ya
Muungano wa Tanzania zinavyoelekeza. Majina ya washiriki wote katika utafiti huu
hayatawekwa wazi katika ripoti zote zitakazotokana na utafiti huu. Kama hutapenda
kushiriki katika utafiti huu, itakuwa ni sawa tu. Bado utaendelea kupewa huduma zote za
afya unazohitaji kutoka kwa wa hudumu na vituo vyote vya huduma za afya kama kawaida.

Sahihi ya mtoto: Tarehe
Jina la mtoto: Tarehe
Sahihi ya Mtoa Ridhaa (Mzazi/Mlezi): Tarehe
Jina la Mtoa Ridhaa: Tarehe

Kama kuna maswali yoyote kuhusu utafiti huu, unaweza kumuuliza Mtafiti Mkuu Dkt.
Leonard Mboera wa Kituo cha Ufuatiliaji wa Magonwja Kusini mwa Afrika, S.L.B 3297,
Morogoro, Tanzania; Simu: +255 754 314701; Baruapepe: Imboera@gmail.com

Kama unahitaji kuuliza maswali kuhusu haki zako kama mshiriki wa utafiti, basi wasiliana
na Mwenyekiti wa Kamati ya Taifa ya Maadili ya Utafiti wa Afya, Taasisi ya Taifa ya Utafiti
wa Magonjwa ya Binadamu kwa simu Na. +255 22 2121400.
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UTAFITI KUHUSU MAGONJWA YASABABISHAYO UVUJAJI WA DAMU MWILINI
NCHINI TANZANIA: KUJENGA UWEZO WA UFUATILIAJI NA UDHIBITI
TAMKO LA KUKUBALI KUSHIRIKI

SOKOINE UNIVERSITY OF AGRICULTURE (SUA)

SACIDS Africa Centre of Excellence for Infectious Diseases of Humans
and Animals in Eastern and Southern Africa
College of Veterinary Medicine and Biomedical Sciences
P.O Box 3015, Chuo Kikuu, Morogoro, Tanzania
Tel: +255 23 264 0037; +255 787 011 677

TAMKO LA KUKUBALI KUSHIRIKI

DODOSO LA NYUMA
UTAMBULISHO WA KAYA

Jina la Wilaya:

Jina la kijiji:

Jina la kitongoji:

Namba ya kaya:

Jina la mtafiti:

Tarehe ya mahojiano:

Muda wa kuanza mahojiano:




I: DEMOGRAFIA

1. Joza toarifa kwa kila mwana kayo katiko kaya hii:
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SN | 1a.lina 1b. Jinsi 1c. Umri (kama ana 1d. Uhusizno na mkuu wa 1e. Ndoa 1f. (Kwa 1 (Kamzanaumri | 1h Je, 1i. Kama 1h 1j. Katika miezi 12
umri chini ya migzi 12, kaya: Mwanomk | wa 52| g, bado {jina) jibu ni Ndiyo, iliyopita nini
1] Me anzana "0." Amasivyo | [1] Mkuu wa kaya [1]Ameca/ameclewa | ewoumri | ananyonya? amepata nini kiwango shughuli kuu ya kila
Kama umri ni chini ya [2] Mke au Mume [2] Mtalaka wia migka [1] Ndiya elimu? cha juu cha mwanalaya?
[2]ke mwezi mmojo andika | [3] Mtoto wa Kiume/Kike 1549)Je | 2] Hapana elimu fjina)
“0"; Kama hujui weka - | [4] Shemeji/Wifi [3]Wametengana ni [-9] Sijui [1] Kilima
9 4] Mjane/ mjamzita? 2] Ufugaji
[5] Mjuleun [1] Ndiyo |1] Chekechea
6] Mzazi Mgane [2] Hapana (1] Ndiyo o 13] Kilim? na ufugaji
7] Miwe (5] Hajana/ [-9] Siui [2JHapana | [2] Msingi 4] Mwzjiriwa
|8] Kaka au dada |3] Sekondari |5] Ajira
9] Mdugu wengine Hajaolewa 4] Elimu ya binafsi/kujiajiri
. . chuobaadaya | 6] Mganga wa jadi
[10] Hatuna uhusiano [6]Wanaishi pamoja Sekondari |7] Mwanafunzi
[-9] Sijui |-8] Sijui [8] Mama wa
nyumbani
[9] Hana shughuli
maalum
[10] Haimhusu
1* i2 -4 12345678910 123456 1249 i24 12 123449 |1234567839
10
2 112 -9 12345678910 |12345¢6 1249 1249 112 123449 |123456789
10
E) 112 -4 12345678910 |12345¢6 1249 124 112 123449 123456789
10
1 112 -4 12345678910 |123456 1249 1249 112 12349 |123456789
10
5 i2 -4 12345678910 123456 1249 i24 12 123449 |1234567839
10
[ 112 -4 12345678910 |123456 1249 124 112 123449 |123456789
10
7 i12 -4 12345678910 123456 1249 124 112 123449 |1234567839
0
] 112 -4 12345678910 |123456 1249 1249 112 12349 |123456789
10
9 112 -9 12345678910 |12345¢6 1249 1249 112 123449 |123456789
10
10 112 -4 12345678910 |123456 1249 124 112 123449 |123456789
10
1 i12 -4 12345678910 123456 1249 124 112 123449 |1234567839
10
2 i12 -4 12345678910 123456 i249 i 4 112 123449 |1234567839
10
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Appendix 6: Permission and ethical clearance certificates

UNITED REFUBLIC OF TANZANIA
MINIETRY OF EDFCATION, SCIENCE AND TECHNOLOOY

SOEOINE UNIVERSITY OF AGRICULTURE
SACIDS FOUNDATION FOR ONE HEALTH
PO, Base 3297, Maregors, Taszania
Tel: +355 23 2640 037, Fax: =255 337 604 &7
E-mmadl: secrelariaiosesde ooy Websibe: hitp: ) wew scids ooy

Plamiae mifier Lo

Our ref; SACIOSFATM 21 000 Date: 04 January 3021

The Regional Administrative Secretary,
P Baox 5420,
DAR ES SALAAN

RE: MAPPING PANDEMIC POTENTIAL AND [MPROVING ON-SITE
SCREENING AND DIFFERENTIATION OF VIRAL HEMORRHAGIC
FEVERS DURING OUTBEREAKS

Sokoine University of Agriculture through the SACIDS Foundation for One
Health &= conducting a research aimed at generating data to guide
strengthening of surveillance of viml hasmorrhagee fevers [(VHF] in human
and animal populations in Tanzania. The research aims at establishing the
risk af introduction and spread of YHF in the country, targsting different
cross-horder ecosystems.

This letter is to request for your permission for the ressarch to be carred out
in Dar es Salaam from 2-20 Jamoary 3021, We kindly request to comduct
individual interviews with officials from airparts, ground-crossing borders,
ports, citizens and refugees in the cross-border scosystem.

I would kike to introduce Dr. Sima Rugambamu and Ms. Janeth George who
are PhD Students and keading the research implementation team for this
purpase. This study has received the attached ethical approval from the
Medical Research Coordmation Committee (Ref. NIMB/HQR.8c Vel 1/ 161 2).
Flease accept the assurance of my highest consideration and esteem.

1&1:“?
Associate Aserald Misinzo
COORDINATOR
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JAMHURI YA MUUNGANO WA TANZANIA
WIZARA YA AFYA, MAENDELEO YA JAMII, JINSIA, WAZEE NA WATOTO

Telegram ‘AFYA’ DODOMA Mji wa Serikali ~Mtumba,

Simu NA : 255-26-2323267 Barabara ya Afya,
(Barua zote zipitie kwa SLP 743

Katibu Mkuu) 40478 DODOMA.
Unapojibu tafadhali taja
Kumb. RA.81/249/01/173 27 Februari, 2020

Sima Rugarabamu
Chuo cha Kilimo (SUA)
S.LP 3297,
MOROGORO.

YAH: MAOMBI YA KIBALI CHA KUAGIZA VIFAA NA DAWA ZA
UTAFITI

Tafadhali husika na somo tajwa hapo juu.

Wizara ya Afya, Maendeleo ya Jamii, Jinsia Wazee na Watoto inakiri
kupokea barua yako isiyo na kumbu kumbu namba ya tarehe 28 Januari,
2020 inayohusu ombi la kibali cha kuagiza vifaa na dawa za utafiti.

Wizara ya Afya inakushauri kuwasiliana na Mamlaka ya Chakula na Dawa
(TMDA) ili kupata utaratibu na kibali cha kuagiza vifaa na dawa husika. Kwa
mawasilino tumia barua pepe ‘info@tfda.go.tz’ au sanduku la Posta 1253
‘Mwanza Avenue’, Block T, Plot No. 6, Dodoma.

Asante kwa ushinkiano wako.

A
Daudi Msasi

KNY: KATIBU MKUU -AFYA
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National Instivene for Medieal Ressarch
3 Barack Ohaena Drive

PO Box 9653

11101 Dar es Salasen

Tel- 233 22 2521400

Fax; 254 22 2121360

E-tnuil: pamngthissé@gmail.com

NIMRHOQR.Sa Vol IX3110

Dr. Sima Regaranamu

Sokoine Umiversity of Agrculture
Clo Prof. Gerald Misinzo
SUA-SACIDS

PO, Box 3297

Morogoeo

THE UNITED REPUBLIC
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OF TANZANIA

Miniszry of Health, Community
Development, Gender, Elderly & Chaldren
Unaversity of Dudoma, College of
Business Studies and Law

Building No. 11

P.0O. Box 743

A04TE Doddomu

23" May. 2019

RE: ETHICAL CLEARANCE CERTIFICATE FOR CONDUCTING
MEDICAL RESEARCH IN TANZANIA

This is to cemity that the research estitled: Mapping pandemic polential and smproving onssite screening and differentiation
of viral hemormagic fevers during outhreaks {Rugarssamu S. et al), whose supervisor is Prof. Gemld Misinzo of SUA-
SACIDS has been granted ethicl clearance to be condocted in Tanzania

The Priecipal Tvestigatoe of the study must ensure that the following conditions are fulfitled

I Progress repan ts submized 10 the Ministry of Health, Community Developesent, Gender, Elderly & Children and the
Natienal Tastinese for Medical Rescarch, Regional and District Medical Officers after every six months.

2. Permission o publish the results is obtained from National Institute for Medical Research

Y. Conpies of final publicatioas are made avallable 10 the Minissry of Health, Commussity Developssent. Gender, Elderdy &
Children and the Natioeu! Instituie for Medical Rescarch

4 Any researcher, who contravenes oc fails o comply with these conditions, shall be guilty of an offence and shall be
Hable on conviction 10 a fine as per NIMR Act No. 23 of 1979, PART 1 Section 1042),

5. Siles: Buhigwe District i Kigoma region, Kalambo District in Rukwa region, Ksela District i Mbeya region,
Kinoadons District in Dar es Salsam, Kilindl Déstrice in Tanga reglon, Myvomens District in Morogoro region, Kondoa
Distrsct in Dodoma reghon aad Ukerewe Disarict in Mwanzs region.

Approval is valid for oae year: 23 May 2019 s0 22 May 2020,

Name: Prof. Yunus Daud Mgays

Sigasture

CHAIRPERSON

MEDICAL RESEARCH
COORDINATING COMMITTEE

Name: Prof. Muhammad Baknri Knmbi

Siganture

CHIEF MEDICAL OFFICER

MINISTRY OF HEALTH, COMMUNITY
DEVELOPMENT, GENDER, ELDERLY &
CHILDREN
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UNITED REPUBLIC OF TANZANIA

MINISTRY OF HEALTH, COMMUNITY DEVELOPMENT,
GENDER, ELDERLY AND CHILDREN

NATIONAL INSTITUTE FOR MEDICAL RESEARCH

in reply please quole:
Ref. Noc NIMRMHOQP. 12 VOL XXXIII/126 Date: 107" December 2021

College Of Vieterinary Medcine and Biomedical Scences

Department of Veterinary Microbiology, Parasitology & Biotechnology
P.0. Box 3019 Chuo Kikuu

MOROGORGC,

Dear Or. Rugarabamu,
RE: PERMISSION TO PUBLISH

Reference Is made fo your request o publsh data from a study with ethical clearance
number NIMR'HO/R.Ba/Vol. 1IX3110.

2 Permission has been granted %0 publsh a manusopt ted
“Estimating risk of introduction of Ebola Virus Discase from the Democratic
Republic of Congo to Tanzania: a qualitative assessment™ by authors: Sima

Rugarabamu, Kennedy M. Mbanzuks, Gaspary Mwaryiia and Gerald Misinzo and
Lecrard E.G. Mboera.

a Please submet an electranic copy of the published manuscoript to the
Nascnal Instiute for Medical Research through email publcationsQninr or iz

7

Dr. Ndakya Maria Oriyo
DIRECTOR OF RESEARCH INFORMATION, TECHNOLOGY AND COMMUMNICATION

Meadousriers: ) Basack Obares Dves. PO, Box 9853 11101 Dar e Salawr. Tarsanis,
Ereat lolranr il Webade sope syl
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UNITED REPUBLIC OF TANZANIA

MINISTRY OF HEALTH, COMMUNITY DEVELOPMENT,
GENDER, ELDERLY AND CHILDREN

NATIONAL INSTITUTE FOR MEDICAL RESEARCH

In reply please quate:
Ref. No: NIMRMHGP. 12 VOL XXXIIF125 Date: 10" December 2021

Dr Leonard Mboera

Sokoine University of Agricuire (SUA)
SACIDS Foundation for One Health
P.0O. Box 3297, Chuo Kikuu,

MOROGORO,

Dear Dr Mboera,
RE: PERMISSION TO PUBLISH

Referance s made 10 your request to publish data dated 7 December 2021 with reference
number MEPZPICEVBOOR22021/04 ¥om a study with efical clearance number
NIMR/HO/R . Ba/Vol V2724 and NIMRHOR 8a/Vol. [X/2688.

2 Permission has been granted % publsh the following manusoripts:

L Tite: "Viral haemorrhagic fevers and malarla co<nfections
among febrile patients secking health care in Tanzania® by
authors: Sima Rugarabamu, Susan F. Rumisha, Gaspary O.
Mwaryika, Calvin Sndato, Hee Young Lim, Gerald Misinzo and
Leonard E.G. Mboera.

L Title: "Comparative assessment of the human and andmal heaith
survedllance systems In Tanzania: opportunities for an integrated
one health survelllance platform” by authors: Ireme R Mremd,

Susan F. Rumisha, Calvin Sindato, Sharadhul |. Kimera and Loonard
E.G. Mboera

3 Please submit electronic coples of the published manuscripts to the
Nascnal Insteuse for Medical Research through email publcationsfBnime or tz.

Mectsriers: ) Baoack Ctowns Drwe, 2.0 Box 9850 11101 Dar es Sxtawr, Tarwana,
Dreall piogvps g, Webnde sppanc gl




