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Abstract. Crimean-Congo hemorrhagic fever (CCHF) is endemic in Africa, but the epidemiology remains to be de-
fined. Using a broad database search, we reviewed the literature to better defineCCHF evidence in Africa.We used aOne
Health approach to define the impact of CCHF by reviewing case reports, human and animal serology, and records of
CCHF virus (CCHFV) isolations (1956–mid-2020). In addition, published and unpublished collection data were used to
estimate the geographic distribution of Hyalomma ticks and infection vectors. We implemented a previously proposed
classification scheme for organizing countries into five categories by the level of evidence. From January 1, 1956 to July
25, 2020, 494 CCHF cases (115 lethal) were reported in Africa. Since 2000, nine countries (Kenya, Mali, Mozambique,
Nigeria, Senegal, Sierra Leone, South Sudan, Sudan, and Tunisia) have reported their first CCHF cases. Nineteen
countries reported CCHF cases andwere assigned level 1 or level 2 based onmaturity of their surveillance system. Thirty
countrieswithevidenceofCCHFVcirculation in theabsenceofCCHFcaseswereassigned level 3or level 4. Twelvecountries
for which no data were available were assigned level 5. The goal of this review is to inform international organizations, local
governments, and healthcare professionals about shortcomings in CCHF surveillance in Africa to assist in a movement
toward strengthening policy to improve CCHF surveillance.

INTRODUCTION

Crimean-Congo hemorrhagic fever (CCHF) is a severe tick-
borne zoonosis causedbyCrimean-Congo hemorrhagic fever
virus (CCHFV; Bunyavirales: Nairoviridae: Orthonairovirus).1

CCHF was first described during an outbreak among Soviet
military personnel stationed inCrimea in 1944–1945.2–4 CCHF
is broadly endemic in both Africa and Eurasia, with more than
30 countries having reported cases since the first cases
emerged in Crimea.1,5–7 CCHF epidemiology in Africa is not
well described. However, there has been a global increase in
the number of reported CCHF cases since 2000, with nine
countries in Africa (Table 1) and 11 countries in Asia7 reporting
their first confirmed human CCHF cases.
CCHFV virus is transmitted to humans via tick bites or

through direct contact with infected animals or infected
people. In the CCHFV life cycle, ticks (mainly of the species
Hyalomma marginatum and Hyalomma rufipes) are both
reservoirs and vectors.5,8 Many mammals (including cattle,
dromedaries, goats, and sheep), reptiles, and some birds (in
particular ostriches) can be infected with the virus and re-
main asymptomatic while the virus amplifies. As a result,
livestock, animal herders, slaughterhouse workers, and
healthcare workers in endemic areas are at high risk of ac-
quiring infection.8–11

Most CCHF cases are mild or asymptomatic. Mild cases
may present with nonspecific symptoms or clinical signs,
such as headache, myalgia, joint pain, fever, nausea, and
vomiting. A small proportion of cases are severe with sudden
onset, quickly developing bruising, and severe hemorrhage.

Death may occur within days of disease onset.3,12–18 CCHF
lethality (5–80%) has been associated with different factors,
such as access to medical care, age, virus strain, preexisting
medical conditions, and route of transmission.19–22

Most reports on first autochthonous CCHF cases in indi-
vidual countries were preceded by epidemiologic surveys
or CCHFV isolation from ticks that provided evidence of
local CCHFV circulation. For example, in Kenya (then British
Kenya), evidence of CCHFV infection may have been de-
scribed in as early as 1961,23 and serological evidence of
human CCHFV infection was first obtained in the early
1980s.24 CCHFV was first isolated from ticks in Kenya in
1975.5 Yet, it was not until 2000 that the first Kenyan human
case was encountered.25 In Sudan, serologic evidence of
CCHFV in animals was obtained in 198626 and in humans in
1989.27 CCHFV was identified in ticks collected during an
outbreak in 1995.28 Yet, it was not until 2008 that the first
human case was described.29 In Nigeria, serologic evidence
of CCHFV was first obtained in animals in the early 1960s30

and in humans in 1973.31 CCHFV was identified in Nigerian
ticks in 1964.32,33 Yet, the first human case was identified
in 2010.34

Thus, little is known about CCHF epidemiology in Africa,
and published epidemiologic/epizootiologic data aremostly
from outbreak investigations and rarely systematic. In a
multistage analysis, a cohesive framework was devel-
oped to assess substantial pandemic potential for endemic
high-consequence infectious disease in Africa, and CCHFV
was identified with substantial index case, outbreak, epi-
demic, and pandemic potential compared with Ebola and
Marburg virus disease and Lassa fever.35 A predictivemodel
of CCHF distribution in Africa also pinpointed large areas
in Southern, Eastern, Central, and Western Africa as being
suitable for CCHFV transmission.36 The absence of addi-
tional epidemiological data is the consequence of only a
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few African countries entertaining active CCHF (V) surveil-
lance systems.37

This article focuses on Africa to recognize highly CCHF-
affected countries with an emphasis on regions that may not
havebeen (known to be)CCHFVendemic in the past.Weused
a One Health approach to integrate vector, animal, human,
and virus data to define disease status in each country. This
article is in follow-up of our previous publication on Southern
and Western Asia7 and is part of a series of publications
mapping CCHF in the world.

METHODS

We searched PubMed, GenBank, GIDEON, Google Scholar,
Scopus, ProMED, and Web of Science, among other more
minor databases, for records indexed from the original de-
scriptionsofCCHF in1944 throughJuly25, 2020 to identify and
review the scientific literature on reported CCHF cases from all
countries in Africa as defined by the UN Geoscheme (Eastern
Africa: British Indian Ocean Territory; Burundi; Comoros; Dji-
bouti; Eritrea; Ethiopia; French Southern Territories; Kenya;
Madagascar; Malawi; Mauritius; Mayotte; Mozambique;
Réunion;Rwanda;Seychelles; Somalia; SouthSudan;Uganda;
United Republic of Tanzania; Zambia; and Zimbabwe; Middle
Africa: Angola; Cameroon; Central African Republic; Chad;
Democratic Republic of the Congo [COD]; Equatorial Guinea;
Gabon; Republic of the Congo; and São Tomé and Prı́ncipe;
Northern Africa: Algeria; Egypt; Libya; Morocco; Sudan; Tuni-
sia; andWestern Sahara; Southern Africa: Botswana; Eswatini;
Lesotho; Namibia; South Africa;Western Africa: Benin; Burkina
Faso; Cabo Verde; Côte d’Ivoire; Gambia; Ghana; Guinea;
Guinea-Bissau; Liberia; Mali; Mauritania; Niger; Nigeria; Saint
Helena, Ascension, and Tristan da Cunha; Senegal; Sierra Le-
one; and Togo).38

Our review included articles published in any language.
We also collected information from conference presentations

(if indexed in the listed electronic databases) and unpub-
lished data/reports through personal communications. We
accessed available online government reports (the National
Institute for Communicable Diseases [NICD] in South Africa)
and communicated with government officials (Ministries
of Health in South Africa, Uganda, Zimbabwe, Kenya, and
Mozambique) for confirmation of unpublished data. In ad-
dition, we accessed and reviewed published animal and
human serology data, CCHFV detection or isolation data
from ticks or vertebrates, and information regarding CCHFV
surveillance systems. We also reviewed the U.S. National
Tick Collection database39 for data that indicated the pres-
ence of CCHFV vectors in any geographic area of interest.
We limited our search and consideration to H. marginatum
and H. rufipes ticks because of their undisputed capacity
to transmit CCHFV transstadially, transovarially, and to
animals.40,41 We used Boolean combinations of search
terms, including “Hyalomma,” “CCHFV,” “CCHF,” “CHF,”
“Crimean,” “Crimean-Congo,” “Congo-Crimean,” “Congo
virus”; “Crimean hemorrhagic fever”; “nairovirus,” and “ortho-
nairovirus” and the names of each of the countries (or their
predecessor names).
One Health country-level classification scheme. We

used a classification scheme developed by our team and
previously published in an article that focused on epidemi-
ology of CCHF in Southern and Western Asia.7 This clas-
sification system integrated vector, animal, and human data
to identify CCHFV circulation in an area of interest. Coun-
tries were classified as follows: level 1 CCHF cases reported
annually through established surveillance; level 2 CCHF
cases reported intermittently in absence of robust surveil-
lance; level 3 no CCHF cases reported and no robust sur-
veillance established, but available data point toward the
possibility of undetected/unreported CCHF cases (animal/
human serology, CCHFV detected inHyalomma ticks); level
4 no CCHF cases reported and no robust surveillance or

TABLE 1
Total confirmed CCHF cases in Africa by country from 1956 to July 2020

Country (current designation)
Total confirmed

cases
Total
deaths Year(s) References

Burkina Faso 1 0 1983 80

Central African Republic 1 0 1976 5

Democratic Republic of
the Congo

3 1 1956, 2008 43,46

Egypt 4 1 1981, 2012 68,75

Kenya 6 1 2000, 2010, 2020 25,88,89

Mali 40 7 2009–2013, 2017, 2020 90–92

Mauritania 50 12 1983, 1988, 2003, 2007, 2012, 2017, 2018, 2019 57,81–86,93

Mozambique 8 0 2015 94

Namibia 20 10 1986–2001, 1987, 2002, 2010, 2014, 2017–2019 57,95–104

Nigeria 50 0 2010–2014 34

Senegal 8 1 2003, 2004, 2015, 2017, 2020 57,105–109

Sierra Leone 1 0 2016 110

South Africa 215 52 1981–2018, 2018, 2019 58–62

South Sudan 1 0 2013 111

Sudan 34 16 2008, 2009, 2010, 2013, 2014, 2015–2016, 2018 29,57,69–73

Tanzania 1 0 1986 112

Tunisia 5 0 2014 74

Uganda 45 13 1958–1965, 1963–1964, 1967, 1972, 1978, 2013, 2015, 2017,
2018, 2019, 2020

5,43,67,113–128

Zimbabwe 1 1 1997 129

CCHF=Crimean-Congohemorrhagic fever. Total deaths are those amongconfirmed cases only. Therefore, lethalitywas not calculated.Wewere limited to available data, but this approach likely
underestimates the true CCHF burden.
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epidemiologic/epizootiologic studies, but Hyalomma ticks
are present; and level 5 no available data.7

RESULTS

From January 1, 1956 to July 25, 2020, 19 African countries
reported a total of at least 494 human CCHF cases (115 le-
thal), with the first case being described in COD. The regional
distribution of the countries was as follows: six were in
Eastern Africa, two in Middle Africa, three in Northern Africa,
two in Southern Africa, and six inWestern Africa (Tables 2–5).
Most cases were reported from Mali, Mauritania, Namibia,
Nigeria, South Africa, Sudan, and Uganda. Most countries
reported cases randomly or through outbreak investigations,
but South Africa and Uganda used established surveillance
systems. All countries were organized into five categories by
the level of evidence (Figure 1). Since 2000, nine countries
(Kenya, Mali, Mozambique, Nigeria, Senegal, Sierra Leone,
South Sudan, Sudan, and Tunisia) have reported their first
cases (Table 5), most of which were identified via random
detection in people with acute febrile disease or through
outbreak investigations.

DISCUSSION

CCHFV is considered a significant threat to human health
in endemic areas, including Africa. The World Health Orga-
nization (WHO) included CCHF in its blueprint of priority

diseases, which lists emerging diseases that are under-
studied.42 CCHF was first described in 1956 in Africa,43–45

although evidence of this disease in Africa has not been
clearly described. Recently, the number of CCHF cases has
increased on the continent, with some countries reporting
their first cases. We collected available evidence of CCHF
epidemiology and classified each country based on the level
of evidence. One caveat is that we were not able to establish
a category for studies reporting negative data on CCHFV
animal or human serology and virus isolation in ticks because
of the extremely low number of such publications/reports
and their limited scopes.
There are significant variability or gaps in surveillance ac-

tivities and capabilities between countries. The knowledge
gap resulting from the likely lack of active zoonosis surveil-
lance, including CCHF, in resource-limited African countries
can impair their awareness of, preparedness for, decision-
making during, and countering emerging zoonotic infections
that may cause large disease outbreaks on the continent.37

Most countries in Middle Africa do not have the diagnostic
capability to detect CCHF cases, although there is a signifi-
cant level of evidence that CCHFV is actively circulating. Lack
of diagnostic capability is likely themajor factor contributing to
underestimation of CCHF endemicity in Africa compared with
other endemic regions, such as the Mediterranean Basin. For
example, COD is the second largest country in Africa and re-
ported Africa’s first CCHF case in 1956,43–45 but no sub-
sequent cases were identified until 2008.46 Animal serology

TABLE 2
Current evidence for CCHFV circulation in Eastern Africa

Country (current
designation) CCHF cases reported Human serology Animal serology

Hyalomma
ticks

CCHFV detected
in ticks

Level of
evidence

British Indian
Ocean Territory

No No No No No 5

Burundi No No No No No 5
Comoros No No No No No 5
Djibouti No No 1992130 Yes131 2010132 3
Eritrea No No No Yes39 No 4
Ethiopia No No No Yes133 1975134 3
French Southern
Territories

No No No No No 5

Kenya 2000, 2010, 202025,88,89 1980, 1983, 1987, 2010,
2009–2012,
202024,88,89,135–137

1961, 1972, 1974,
19865,26,44,138

Yes39 1975,20085,139 2

Madagascar No 1989, 2008140,141 No No142 1985143 3
Malawi No No No Yes131,144 No 4
Mauritius No No No No No 5
Mayotte No No No No No 5
Mozambique 201594 No No Yes39,145 No 2
Réunion No No No No No 5
Rwanda No No No Yes131 No 4
Seychelles No No No No No 5
Somalia No No 1993, 1994, 1996146–148 Yes39 1994, 1996,

2009147–149
3

South Sudan 2013111 No No Yes150 No 2
Uganda 1958–1965,1963–1964,

1967,1972,1978,2013,
2015,2017,2018,
2019,20205,43,67,113–128

1984, 2006151,152 1970, 1972138,153 Yes154 1970, 1978, 1981,
20155,67,155,156

1

United Republic of
Tanzania

1986112 No 19745 Yes39,157 No 2

Zambia No No No Yes39 No 4
Zimbabwe 1997129 1980158 1964–1985,

1973–1978112,159
Yes39 No 2

CCHF=Crimean-Congohemorrhagic fever; CCHFV=Crimean-Congohemorrhagic fever virus. Years are listed if there is evidenceof anti-CCHFVantibodies in humansor animals,CCHFVvector
endemicity, or CCHFV antigen or genome detection.
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yielded positive results in 2013.47 CCHFV likely has been cir-
culating in COD for years. COD has been mired in conflict for
decades and has the largest number of internally displaced
people in Africa. As another example, the Central African Re-
public reported only one human CCHF case in 1976,48

whereas positive human and animal serology49–54 and virus
isolation from ticks5,55,56 strongly support virus circulation in
thearea.Civil wars in the region, especially inCODandCentral
African Republic, have weakened the local healthcare infra-
structures. Both countries would benefit from assistance by
international organizations, cross-governmental support, and
multi-institutional collaborations to build diagnostic capabil-
ities by establishing, developing, or strengthening human and
ecologic CCHF surveillance networks and systems.
Among countries in Southern Africa, South Africa reported

215CCHFcases (1981–2019), thehighest number of caseson
the continent.57–62 The annual number of cases is available
through the National Institute for Communicable Diseases
(NICD) in Sandringham, Johannesburg. South Africa has a
well-established surveillance system, implementing national
guidelines for recognition and management of viral hemor-
rhagic fevers such as CCHF, and NICD’s Special Pathogen
Unit is capable of diagnosing these diseases.63 However,

some countries that have a border with South Africa (i.e.,
Botswana, Eswatini, Lesotho, and Mozambique) have not
reported any cases despite the prevalence of Hyalomma
ticks,39,64–66 supporting the notion that CCHFV may be cir-
culating but has not been detected due to limited diagnostic
capabilities. These countries would benefit from testing of
Hyalomma ticks for CCHFV and seroprevalence studies in
humans and animals.
In EasternAfrica, Uganda reported 44 cases (Table 2). There

is an appreciable gap in CCHF case detection from 1978 to
2013, which could have been due to lower CCHFV activity
during this period. The increased detection of cases since
2013 could have been due to any biological vector or human
risk factors but is more likely due to maturity of Uganda’s
surveillance system and improved diagnostic capabilities.
Since 2010, to rapidly identify infectious disease outbreaks,
including Ebola andMarburg virus diseases, theUganda Virus
Research Institute (UVRI) has cultivated relationships with
multiple international partners and established a surveillance
system in collaborationwith theUgandanMinistry of Health.67

Most newly diagnosed CCHF cases in Uganda have been
confirmed through this surveillance system. Kenya, South
Sudan, Tanzania, and Zimbabwe have each reported at least

TABLE 3
Current evidence for CCHFV circulation in Middle, Northern, and Southern Africa

Country (current
designation) CCHF cases reported Human serology Animal serology

Hyalomma
ticks

CCHFV detected in
ticks

Level of
evidence

Middle Africa
Angola No No No Yes160 No 4
Cameroon No 1985, 2005–2012161,162 2013163 Yes39 2015163 3
Central African

Republic
19765 1966–1979, 1979,

1979–1982, 1984
1980–1985,
199349–52,164,165

1979–1982, 1983, 1988,
199250,51,53,54

Yes39 1972–1979,
1973,
19755,55,56

2

Chad No No No Yes39,166 No 4
Democratic

Republic of the
Congo

1956, 200843,46 No 2013163,167 Yes168,169 No 2

Equatorial Guinea No 1985161 No No No 3
Gabon No No 2005, 2008, 2009170 No No 3
Republic of the

Congo
No 1985161 No No No 3

São Tomé and
Prı́ncipe

No No No No No 5

Northern Africa
Algeria No No No Yes39,171 2009172 3
Egypt 1981, 201268,75 1976173 1976, 1986, 2004,

200926,76–78,173
Yes39 2009149 2

Libya No No No Yes39 No 4
Morocco No No No Yes39 2011174 3
Sudan 2008, 2009, 2010,

2013, 2014,
2015–2016,
201829,57,69–73

1989, 1998, 2012,
2015–201627,69,175,176

1986–1987, 1994, 2013, 2014,
201526,177–180

Yes39 1995, 2009,
201728,149,181

2

Tunisia 201474 201474 No Yes39 No 2
Western Sahara No No No No No 5

Southern Africa
Botswana No No No Yes39,64 No 4
Eswatini No No No Yes65 No 4
Lesotho No No No Yes66 No 4
Namibia 1986–2001, 1987

2002, 2010, 2014,
2017–201957,95–104

1984182 No Yes183 No 2

South Africa 1981–2018, 2018,
201958–62

1981, 1983, 1984–1988,
2016184–188

1964–1985, 1981, 1983,
1984, 1984–1988, 1993,
200210,112,159,184,186,187,189–194

Yes39 1981104,184 1

CCHF=Crimean-Congo hemorrhagic fever; CCHFV=Crimean-Congohemorrhagic fevervirus.Yearsare listed if there isevidenceofanti-CCHFVantibodies inhumansoranimals,CCHFVvectorendemicity,or
CCHFV antigen or genome detection.
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onecaseofCCHF; if they had the samediagnostic capabilities
as Uganda, it is likely that more cases would have been
detected.
AmongNorthern African countries, Egypt, Sudan, and Tunisia

have reported CCHF cases. Egypt was the first country in the
region to experience CCHF in 1981.68 Sudan detected its first
case in 200829 and has been reporting cases annually
since.29,59,69–73 Tunisia’s first case dates to 2014.74 Although
Egypt only recognized CCHF in 1981 and 2012,68,75 positive
animal serology and CCHFV detection in ticks have been re-
ported intermittently, supporting the notion that CCHFV is cir-
culating in the region.26,76–78 Although Sudan has reported 34
CCHF cases since 2008, most of these cases have been di-
agnosed in the setting of outbreak investigations. Libya, which
borders Egypt, Sudan, and Tunisia, has not reported any CCHF
cases. Among Northern African countries, Egypt has a unique

infrastructure and a long-standing history of partnership with the
U.S.NavalMedical ResearchUnit Three (NAMRU-3) as long as it
was situated in Cairo Egypt. NAMRU-3 worked closely with
Egypt’s Ministry of Health and Population, the U.S. National In-
stitutes of Health (NIH), the WHO, the U.S. Agency for In-
ternational Development, and the U.S. Centers for Disease
Control and Prevention (CDC).79 NAMRU-3 was recently relo-
cated to Italy, but a similar entity with a similar infrastructure
associated with international collaboration in partnership with
local governments could be developed to (re)establish a CCHF
diagnostic surveillance system in the region.
InWesternAfrica, Burkina Faso andMauritania reported their

first CCHF cases in 1983.80 Burkina Faso has not reported any
cases since then,whereasMauritania has been reporting cases
intermittently through outbreak investigations.59,81–86 Mali,
Nigeria, Senegal, and Sierra Leone have each reported at least
one case since 2003. Although not bordering other countries
that have reported CCHF cases, Nigeria has reported the
highest number of cases (50) in Western Africa since 2014.34

Niger, located between Nigeria and Mali, may therefore be af-
fected by numerous undiagnosed CCHF cases.
Diagnosis of new CCHF cases in eight African countries

(Table 1; mainly in Eastern Northern and Western Africa) since
2000 is most likely primarily due to improvement in diagnostic
capabilities rather than ecological changes related to vector
and human behavior. These countries still lack established
surveillance systems and would benefit significantly from col-
laboration with within and outside their regions to diagnose
additional casesandbetter estimate theepidemiologyofCCHF
on the continent.

TABLE 4
Current evidence for CCHFV circulation in Western Africa

Country (current
designation)

CCHF cases
reported Human serology Animal serology

Hyalomma
ticks Virus detected in ticks

Level of
evidence

Benin No 1981–1983195 No Yes39,196 No 3
Burkina Faso 198380 198380,197 No Yes198,199 No 2
Cabo Verde No No No Yes200 No 4
Côte d’Ivoire No No No Yes201,202 No 4
Gambia No No No Yes203 No 4
Ghana No 201119 2009170 Yes39,204 201119 3
Guinea No No No Yes205,206 1978–1991207 3
Guinea-Bissau No No No No No 5
Liberia No 1981208 No No No 3
Mali 2009–2013,

2017,
202090–92

1991, 2009–201390,209 2005–2014, 2013163,210 Yes211,212 2011213 2

Mauritania 1983, 1988,
2003, 2007,
2012, 2017,
2018,
201957,81–86,93

1983, 1984, 1985, 1988,
200385,86,197,214–218

1983, 1984, 1988, 2003,
201385,86,163,197,214,215

Yes215 1983, 1984,200385,197,214,215 2

Niger No No 1984–1988219,220 Yes221,222 No 3
Nigeria 2010–201434 1973, 1988, 2011,

2010–201431,34,223,224
1964–1968, 1976, 1983,
1984–1988,
201532,219,225–227

Yes32,228 1964, 1964–1968, 1966,
19765,32,227,229

2

Saint Helena,
Ascension
and Tristan da
Cunha

No No No No No 5

Senegal 2003, 2004,
2015, 2017,
202057,105–109

1986, 1989,
1987–1995230–233

1969, 1972, 1983, 1986,
1987–1995,
1989–1992, 1991,
20145,197,230,232,234–238

Yes239,240 1963–1974, 1969–1991, 1969,
1970–1974, 1983, 1985, 1987,
1990, 1989–1992, 1991–1992,
19925,41,197,230,232,235–237,241–244

2

Sierra Leone 2016110 2007–2014245 No Yes239 No 2
Togo No No No Yes246 No 4
CCHF=Crimean-Congohemorrhagic fever;CCHFV=Crimean-Congohemorrhagic fever virus.Years are listed if there is peer-reviewedevidenceof anti-CCHFVantibodies in humansor animals,

CCHFV vector endemicity, or CCHFV antigen or genome detection.

TABLE 5
Since 2000, nine countries have reported their first autochthonous
CCHF cases in Africa
Year Country

200025 Kenya
2003107 Senegal
200829 Sudan
200990 Mali
201034 Nigeria
2013111 South Sudan
201474 Tunisia
201594 Mozambique
2016110 Sierra Leone
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The current (2017) WHO map outlining CCHF endemicity
in Africa87 is based on reports of cases, human serology, and
presence of CCHFV tick vectors. However, most coun-
tries in Africa do not have CCHF diagnostic capability, likely
leading to underestimation of cases. Our One Health ap-
proach to country classification more comprehensively inte-
grates additional factors, such as animal serology and
inclusion of more granular data on vector presence. This ap-
proach revealed evidence of CCHFV circulation in Northern
and Middle African regions that were not considered high risk
in a previous CCHFV distribution modeling effort.36 Based on
our examination of CCHFV epidemiology in Africa, we rec-
ommend the following:

1. Egypt, South Africa, and Uganda, that is, countries with di-
agnostic capabilities, should provide rapid diagnostic sup-
port during CCHF outbreaks. Furthermore, we propose that
thesecountriescollaborate toestablish anetwork andact as
regional diagnosticcenters todefinea realisticepidemiology
of CCHF for the entire continent. To be most effective, this
collaboration effort should include active CCHF surveil-
lance, testing of Hyalomma ticks for CCHFV, animal and
human serology testing, improved healthcare infrastructure,

community education about CCHFV transmission, and
providing personal protective equipment (PPE).

2. Burkina Faso, Central African Republic, COD, Kenya, Si-
erra Leone, South Sudan, Tanzania, and Zimbabwe, which
have rarely reported cases despite serological and tick
surveillance data being in support of virus circulation (level
2), would benefit most from establishing active CCHF
surveillance systems.

3. Hyalomma ticks are present in most African countries, but
information about CCHFV circulation is limited. Countries
assigned level 4 (Angola, Benin, Botswana, Cabo Verde,
Chad, Côte d’lvoire, Eritrea, Gambia, Lesotho, Libya,
Malawi,Rwanda,Swaziland, Togo, andZambia)will benefit
from testing of Hyalomma ticks for CCHFV and from
animal/human seroprevalence studies in collaboration.

4. Countries with limited evidence of Hyalomma tick presence,
assigned level 5 (Burundi,Comoros,GuineaBissau,Mauritius,
Mayotte, Réunion, São Tomé and Prı́ncipe, Saint Helena,
Ascension, and Tristan da Cunha, Seychelles, and Western
Sahara), would benefit from tick surveillance studies.

5. Most African countries also lack healthcare infrastructures
to support outbreak investigations, early case detection,
patient isolation, and patient medical care. Multi-institutional

FIGURE 1. Evidence of CCHF in Africa using a One Health approach. The following level classification is applied: level 1, CCHF cases reported
annually through established surveillance; level 2, CCHF cases reported intermittently in absence of robust surveillance; level 3, no CCHF cases
reported and no robust surveillance established, but available data point toward the possibility of undetected/unreported CCHF cases (animal/
human serology, CCHFVdetected inHyalomma ticks); level 4, noCCHF cases reported and no robust surveillance or epidemiologic/epizootiologic
studies, butHyalomma tickspresent; and level 5, no availabledata.Classificationat the country levelwasperformed for policy implications.Country
boundaries do not necessarily reflect the geographic area at risk and are not necessarily endorsed by the authors. The map was created using
ArcGIS Release 10.61. Source: Database of Global Administrative Areas. This figure appears in color at www.ajtmh.org.
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collaboration should focus on raising awareness about
routes of CCHFV transmission and providing PPE to prevent
community and nosocomial outbreaks.

Our study has important limitations. First, we were de-
pendent on publications and reports indexed in public data-
bases or referenced in works indexed in databases.
Consequently, we may have missed important datasets
that were never officially published or circulate only within
governments or institutions as internal reports. Second, we
had to assume that all studies within a category (virus iso-
lation, human serology, and animal serology) were of the
same quality and hence could be treated equally. However,
studies considerably differ in approach and rigor, and
hence a positive result reported in one work could have
been considered a negative result using a different method
or vice versa. Third, artificially created geographic borders
of course do not affect virus ecology and transmission, but
biotopes and ecological niches may differ considerably in
adjacent areas. Thus, two countries may have been coun-
ted as CCHFV endemic despite one of them having a ho-
mogenous CCHFV distribution throughout, whereas the
second country may only have a single CCHFV hotspot. We
erred on the side of caution by assuming that countries
adjacent to CCHF-endemic countries may also have cir-
culating CCHFV, but, of course, this does not have to be the
case. Ecologic niche modeling might be a solution for
addressing both issues, but is outside the scope of this
manuscript. Finally, our study does not address climate
change over time, nor the increasing human activity and
human-induced changes of biotopes, both of which could
be associated with CCHFV vector and host migrations and
therefore changes inCCHFprevalence over time.We call on
international public health organizations (the WHO and the
World Organization for Animal Health) to create or expand
partnerships with local governments to provide support for
human, tick, and animal CCHFV surveillance in Africa and to
ultimately increase knowledge about CCHFV ecology and
CCHF epidemiology.
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hemorrhagic fever, Sénégal. Emerg Infect Dis 10: 1881–1882.

108. International Society for Infectious Diseases, 2019.Crimean-Congo
Hemorrhagic Fever - Africa (12): Senegal. ProMED archive
number 20191127.6797965. Available at: https://promedmail.
org/promed-post/?id=20191127.6797965.AccessedMarch23,
2021.
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virusnyh èncefalitov, 367–368.

139. Sang R et al., 2011. Crimean-Congo hemorrhagic fever virus in
hyalommid ticks, northeastern Kenya. Emerg Infect Dis 17:
1502–1505.

140. Mathiot CC, Fontenille D, Georges AJ, Coulanges P, 1989. An-
tibodies to haemorrhagic fever viruses in Madagascar pop-
ulations. Trans R Soc Trop Med Hyg 83: 407–409.

141. Andriamandimby SF, Marianneau P, Rafisandratantsoa JT,
Rollin PE, Heraud JM, Tordo N, Reynes JM, 2011. Crimean-
Congo hemorrhagic fever serosurvey in at-risk professionals,
Madagascar, 2008 and 2009. J Clin Virol 52: 370–372.

142. Uilenberg G, Hoogstraal H, Klein JM, 1979. Les tiques (Ixodoi-
dea) de Madagascar et leur rôle vecteur. Tananarive, Mada-
gascar: Arch Inst PasteurMadagascar Numéro Spécial, 1–153.

143. Mathiot CC, Fontenille D, Digoutte JP, Coulanges P, 1988. First
isolation of Congo-Crimean haemorrhagic fever virus in
Madagascar. Ann Inst Pasteur Virol 139: 239–241.

144. Berggren SA, 1978. Cattle ticks in Malawi. Vet Parasitol 4:
289–297.

145. Horak IG, Nyangiwe N, de Matos C, Neves L, 2009. Species
composition and geographic distribution of ticks infesting
cattle, goats and dogs in a temperate and in a subtropical re-
gion of south-east Africa. Onderstepoort J Vet Res 76:
263–276.

146. Laughlin LW, Legters LJ, 1993. Disease threats in Somalia.AmJ
Trop Med Hyg 48: vi–x.

147. Williams RJ, al-Busaidy S, Mehta FR, Maupin GO,Wagoner KD,
al-Awaidy S, Suleiman AJM, Khan AS, Peters CJ, Ksiazek TG,
2000. Crimean-Congo haemorrhagic fever: a seroepidemio-
logical and tick survey in the Sultanate of Oman. Trop Med Int
Health 5: 99–106.

148. Khan AS et al., 1997. An outbreak of Crimean-Congo hemor-
rhagic fever in theUnitedArabEmirates, 1994–1995.AmJTrop
Med Hyg 57: 519–525.

149. Chisholm K, Dueger E, FahmyNT, Samaha HA, Zayed A, Abdel-
Dayem M, Villinski JT, 2012. Crimean-Congo hemorrhagic fe-
ver virus in ticks from imported livestock, Egypt Emerg Infect
Dis 18: 181–182.

150. Salih DA, Julla II, Hassan SM, el Hussein AM, Jongejan F, 2008.
Reliminary survey of ticks (Acari: Ixodidae) on cattle in central
Equatoria state, southern Sudan. Onderstepoort J Vet Res 75:
47–53.

151. Rodhain F, Gonzalez JP, Mercier E, Helynck B, Larouze B,
Hannoun C, 1989. Arbovirus infections and viral haemorrhagic
fevers in Uganda: a serological survey in Karamoja district,
1984. Trans R Soc Trop Med Hyg 83: 851–854.

152. Clements TL, Rossi CA, Irish AK, Kibuuka H, Eller LA, Robb ML,
Kataaha P, Michael NL, Hensley LE, Schoepp RJ, 2019. Chi-
kungunya and o’nyong-nyong viruses in Uganda: implications
for diagnostics. Open Forum Infect Dis 6: ofz001.
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Posvâŝënnoj Aktual’nym Problemam Virusologii I Profilaktiki
Virusnyh Zabolevanij. Moscow, USSR: Akademii Medicinskih
nauk SSSR, Institut Poliomielita i Virusnyh èncefalitov, 348.

156. Koehler JW, Delp KL, Kearney BJ, Conrad TA, Schoepp RJ,
Garrison AR, Altimura LA, Rossi CA, Minogue TD, 2017.

Crimean-Congo Hemorrhagic Fever Nairovirus Isolate UCCR4417
Segment M, Complete Sequence. Available at: https://www.
ncbi.nlm.nih.gov/nuccore/KY484045.1?report=genbank&to=
5365. Accessed March 23, 2021.

157. YeomanGH,Walker JB, Ross JPJ, Docker TM, 1967. The Ixodid
Ticks of Tanzania. A Study of the Zoogeography of the Ixodidae
of an East African Country. London, UK: Commonwealth In-
stitute of Entomology.

158. BlackburnNK, Searle L, Taylor P, 1982. Viral haemorrhagic fever
antibodies in Zimbabwe schoolchildren. Trans R Soc TropMed
Hyg 76: 803–805.

159. Shepherd AJ, Swanepoel R, Shepherd SP, McGillivray GM,
Searle LA, 1987. Antibody to Crimean-Congo hemorrhagic fe-
ver virus in wildmammals fromSouthern Africa.AmJTropMed
Hyg 36: 133–142.

160. Gomes AF, Pombal AM, Jr., Venturi L, 1994. Observations
on cattle ticks in Huila province (Angola). Vet Parasitol 51:
333–336.

161. Gonzalez JP et al., 1989. Antibody prevalence against haemor-
rhagic fever viruses in randomized representative central Afri-
can populations. Res Virol 140: 319–331.

162. Sadeuh-Mba SA, Yonga Wansi GMY, Demanou M, Gessain A,
Njouom R, 2018. Serological evidence of Rift Valley fever
phlebovirus and Crimean-Congo hemorrhagic fever ortho-
nairovirus infections among pygmies in the east region of
Cameroon. Virol J 15: 63.

163. Sas MA, 2016. Novel Serological and Molecular Assays for
Crimean-Congo Hemorrhagic Fever Virus Infections and Their
Application in Prevalence Studies on Sub-Saharan African
Countries. DVMdissertation, University of VeterinaryMedicine,
Hannover, Germany.

164. Saluzzo JF, Gonzalez JP, Hervé JP, Georges AJ, 1981. Enquête
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Crimée Congo et de la cowdriose, maladies à tiques au
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234. Čunihin SP, ČumakovMP, Butenko AM, Smirnova SE, Tofflib R,
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respublike Senegal (Zapadnaâ Afrika). Čumakov MP, ed.
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Res Rural Dev 24: 113.

1990 TEMUR AND OTHERS


