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Brief Report
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Abstract: An epizootic of rift valley fever (RVF) was suspected on 21 February 2021 in various districts
of Madagascar, with a lab confirmation on 1 April 2021. A cross-sectional survey aiming to detect
cases of RVF in humans and to study the circulation of rift valley fever virus (RVFV) in animals was
conducted from 22 April to 4 May 2021 in the district of Mananjary. Blood samples from cattle and
humans were tested using serological and molecular techniques. In cattle, the circulation of RVFV
was confirmed between 5 February and 4 May 2021. The positivity rates of anti-RVFV IgG and IgM
were 60% and 40%, respectively. In humans, the circulation of RVFV was observed from 1 April
to 5 May 2021. The positivity rate of RVFV was estimated to be 11.7% by combining the results of
the molecular and serological approaches. Of the 103 individuals who agreed to participate in the
survey, 3 were determined to be positive by RT-PCR, and 10 had anti-RVFV IgM. Among them, one
was positive for both. Given that previous studies have reported the circulation of RVFV during
inter-epidemic periods and the occurrence of outbreaks due to imported RVFV in Madagascar, our
findings suggest the importance of strengthening RVF surveillance from a “One Health” perspective
by conducting syndromic and risk-based surveillance at the national and regional levels.

Keywords: cattle; disease outbreaks; humans; Madagascar; One Health approach; rift valley fever

1. Introduction

Rift valley fever virus (RVFV) belongs to the Phlebovirus genus of the family Phenuiviri-
dae (order Bunyavirales). This virus causes a zoonotic disease characterized by abortion
storms and increased mortality rates in wild and domestic animals. Epizootic outbreaks
of rift valley fever occur following periods of extensive rainfall and subsequent flooding.
The disease can be transmitted to humans via infectious mosquito bites or through direct
contact with products from infected animals. RVFV is one of the eight pathogens included
in the Bluepoint list created by the World Health Organization (WHO) [1,2]. The WHO
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has raised awareness of the threat of arbovirus epidemics. In 2022, a global initiative for
arboviral diseases was launched to prepare all nations for a possible arbovirus outbreak [3].

RVFV can be detected by RT-PCR in blood samples up to 4–5 days after the onset
of symptoms. Antibody testing using enzyme-linked immuno-assays can detect an early
response to a recent infection, showing the presence of RVFV-specific IgM antibodies for
a brief period starting on days 5–6 after the onset of symptoms. Afterwards, RVFV-specific
IgG antibodies appear and persist for years [4].

In Madagascar, RVFV was first isolated from mosquitoes in the Moramanga district,
located between the capital and the East Coast, in 1979. A rift valley fever (RVF) epizootic
in cattle with high incidences of abortions and human illness was then reported in 1990 in
Fenoarivo Atsinanana on the East Coast [5,6]. Abortions and deaths in cattle and human
cases were also reported in the central highlands in 1991 [5,7]. From 2008 to 2009, outbreaks
of RVF in humans and animals were reported on the northern and southern coasts and
in the central highlands. The circulation of RVFV was reported in 82.9% (92/111) of the
districts through a nationwide serologic survey of professionals at risk of RVF [8].

The surveillance of RVF in animals and humans has been set up as part of the “SEGA
One Health” program. Three surveillance systems are currently in use in Madagascar: the
monitoring of health events by community health workers (CHWs), integrated disease
surveillance and response by health units for human health managed by the Direction de
la Veille Sanitaire de la Surveillance Epidémiologique et Riposte (DVSSE-R), and animal
health surveillance by veterinarians managed by the Direction des Services Vétérinaires
(DSV). CHWs collect data on health and health-related events on a daily basis. For reporting
purposes, data are collected and analyzed on a weekly basis based on epidemiological
weeks (epi weeks) using Monday as the first day of the week following the recommen-
dation of the Ministry of Public Health (MoPH) of Madagascar. During epi week 7/2021
(15–21 February 2021), cases of bovine and ovine abortions were notified by CHWs in the
fokontany (lowest administrative units in Madagascar) of Antananabo in Vohipeno district
(region of Vatovavy Fitovinany located in the southeast area) and in the fokontany of An-
dranomangatsiaka in the district of Betioky Atsimo (region of Atsimo Andrefana, located
in the southwest area), and suspected cases of RFV in animals were raised in the “bulletin
mensuel de surveillance en santé publique” (n◦31/2021, June 2021). During epi week
12/2021 (22–28 March 2021), a notification of 750 cases of abortion in cattle and sheep was
sent to the DSV by three regions: Diana (located in the northern area), Atsimo Andrefana,
and Vatovavy Fitovinany. Two of the twenty-two samples received at the Institut Pasteur
de Madagascar (IPM) for RVFV testing were confirmed positive by RT-PCR on 1 April 2021
(epi week 13/2021). In epi week 17/2021 (26 April–2 May 2021), the DVSSER reported
the occurrence of an epizootic of RVF in cattle, goats, and sheep in five regions (Atsimo
Andrefana, Vatovavy Fitovinany, Diana, Atsimo Atsinanana, and Alaotra Mangoro in the
middle-east area) spread across 14 health districts, with a total of 4514 sick cases in all
species and 1040 deaths (mortality rate of 25%). The mortality rate was the highest in
cattle [50% (938/1876)] compared to other species, such as sheep [12% (15/123)] and goats
[4% (86/2155)]. The region of Vatovavy Fitovinany was the most affected (1611 cases and
899 deaths) (source: RVF report n◦001 of 30 April 2021).

Following this epizootic, the surveillance of cases of hemorrhagic fever was increased,
particularly in the concerned districts. On 15 April 2021 (epi week 15/2021), the head of
the Antsenavolo health facility (Mananjary district, Vatovavy Fitovinany region) identified
a suspected human case of RVF. The case presented with fever and digestive bleeding, with
a history of ingestion of the liver of an ox suspected of RVF. No biological confirmation was
carried out for this patient. As a result, a multidisciplinary investigation was carried out by
central and local teams in the Mananjary district from 22 April to 26 May 2021 to confirm
the circulation of RVF.
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2. Materials and Methods
2.1. Ethics

This survey was realized at the request of the MoPH to confirm the circulation of
RVF in humans and assist local and MoPH actions and interventions. Prior to the mission,
authorizations were obtained from regional and district health officials. Participation in
the study was voluntary. Participants completed and signed a consent form in Malagasy.
For all individuals aged between 7 and 18 years, assent was obtained with the consent
of an adult family member. For all individuals under the age of 7, an adult consented to
their participation.

2.2. Study Design

A cross-sectional survey for case detection study in humans and cattle (outbreak
investigation) was carried out from 26 April to 4 May 2021.

2.3. Study Site

The Mananjary district is located in the southeastern part of Madagascar. The district
comprises 40 communes (the district is the second level and the commune is the third level
of administrative units in Madagascar), the majority of which are located in rural areas.
Agriculture is the main source of income in this region. The average annual temperature
ranges from 15 ◦C to 32 ◦C, and the average rainfall is around 2500 mm [9].

The communes were selected by a multidisciplinary team consisting of representatives
of the MoH, the district, health centers, and veterinarians. The study sites were the com-
munes where suspected or confirmed cases had been reported as follows: in Antsenavolo
(12,699 inhabitants), where a suspected human case had been reported; in Anosimparihy
(10,626 inhabitants), where a bovine case had been confirmed by RT-PCR; and in Andonabe
(9690 inhabitants) and Ambohimiarina II (9878 inhabitants), where animal cases had been
suspected by veterinarians.

2.4. Case Definitions

Initially, active case detection was carried out to identify any suspected cases. The
search for human cases suspected of RVF was carried out for as far back as January 2021,
according to the following criteria: (1) any person with an onset of acute fever and
a negative malaria test who presented to the health facility, (2) any person who had been in
contact with livestock suspected of having RVF, and (3) any person who had presented with
a symptom of RVF. Suspected livestock cases were identified with the help of veterinary
assistants in the selected communes. The date of onset of the disease was not restricted
for livestock.

A confirmed case was defined as any person or animal with a positive laboratory
result by either quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) or
ELISA for IgM antibodies to RVFV.

2.5. Data Collection

Eligible patients were identified from the health facility register and visited at home.
At the same time, the population was informed of the survey and on the symptoms of RVF
by the head of the health facility and the mayor of the commune. If a person was thought
to be a suspected case, they were invited to join one of the team members. Questions were
administered orally in Malagasy by a qualified team member, and data were collected on
paper. The questionnaire included socio-demographic information, symptoms, and date of
onset of the disease.

For livestock, veterinarians helped the team to identify the owner of the livestock and
the symptoms exhibited by the animals.
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2.6. Laboratory Analysis

A blood sample (5 mL) was collected from each human and animal participant for
molecular and serological testing. Both human and animal specimens were tested by qRT-
PCR for RVFV RNA using Lab-on-wheels, which was specifically sent on the field for this
purpose. All serological assays were performed by the National Reference Laboratory for
Arboviruses at IPM as follows: Human specimens were tested by ELISA for anti-RVFV IgM
(in-house ELISA). Animal specimens were tested by ELISA for anti-RVFV IgM antibodies
directed against the nucleoprotein (ID Screen® Rift Valley Fever IgM Capture, Innovative
Diagnostic, Grabels, France) and for IgG (in-house ELISA).

2.7. Statistical Analyses

Questionnaire data were entered into REDCap v10.0.23 [10,11] and analyzed using
STATA 17 (StataCorp LP, College Station, TX, USA). We conducted a descriptive analysis
on the main symptoms and the proportion of confirmed cases in humans and livestock.

3. Results
3.1. Description of RVF in Cattle

During the survey, the only species reported by the community and veterinarians
to be affected by RVF were cattle. Only cattle were included in the study. Forty blood
samples from cattle were collected from 23 households in the four investigated communes.
The cattle ranged in age from 5 months to 12 years. The sex ratio was 0.5 (13 males and
27 females).

A total of 26 cattle showed symptoms. The delay between the onset of symptoms and
sample collection ranged from 1 to 83 days (from 5 February 5 to 4 May 2021, corresponding
to epi weeks 5 to 18/2021). The main symptoms reported were anorexia in 57.7% of cases
(15/26), ocular symptoms in 38.5% (10/26), and diarrhea in 26.9% (7/26). Four animals,
aged between 10 and 12 years, had suffered a miscarriage. One of them died.

None of the samples were confirmed by qRT-PCR. The anti-RVFV IgG seroprevalence
rate was 60% (24/40), and the anti-RVFV IgM rate was 40% (16/40) (Table 1).

Table 1. Results of molecular and serological screening for RVFV by commune.

Human Cattle

Commune
Samples
Collected

N
qRT-PCR +

n (%)
IgM +
n (%)

Samples
Collected

N
IgM +
n (%)

IgG +
n (%)

Anosimparihy 45 3 (6.7) 5 (11.1) 16 8 (50.0) 9 (56.3)
Antsenavolo 47 4 (8.5) 16 3 (31.3) 11 (68.8)
Andonabe 9 1 (11.1) 5 2 (40.0) 2 (40.0)
Ambohimiarina II 2 3 1 (33.3) 2 (66.7)

Total 103 3 (2.9) 10 (9.7) 40 16 (40.0) 24 (60.0)

3.2. Description of Results for RVF in Humans

Overall, 103 suspected RVF cases were identified among 71 households in the four
communes. The sex ratio was 4.4 (84 males/19 females). The ages ranged from 2 to 71 years
(median: 34 years old; IIQ: 21–46).

Three individuals were determined to be positive by qRT-PCR, and ten had anti-
RVFV IgM antibodies. Among them, one was positive for both. The RVFV positivity rate
was 11.7% (12/103). The delay between the onset of the disease and the blood sample
collection ranged from 3 to 33 days (from 1 April to 5 May 2021, corresponding to epi
weeks 13 to 17/2021). Each confirmed case came from a different household. Most of
the confirmed cases were farmers [91.7% (11/12)] and men (10/12). Their ages ranged
from 20 to 48 years (median: 29 years old; IIQ: 24–44). Positive cases of RVFV were identi-
fied in three communes (Table 1): one in Andonabe (one IgM+), seven in Anosimparihy
(four IgM+, 2 qRT-PCR+, and one IgM+/qRT-PCR+), and four in Antsenavolo (four IgM+).
Two cases with hemorrhagic symptoms were hospitalized, and one case died (Table 2).
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Table 2. Characteristics and lab results of confirmed cases.

Date of
Onset Communes Gender Age

(Year) Profession Headache Fever Myalgia Asthenia Abdominal
Pain

Articular
Pain

Hemorrhagic
Sign

Palmar
Pallor

Ocular
Symptom Other

Positive
Lab

Result
Final
Status

01/04 Antsenavolo M 41 Farmer Yes Yes Yes IgM
09/04 Antsenavolo M 20 Farmer Yes Yes IgM
14/04 Andonabe F 26 Teacher Yes Yes IgM

16/04 Anosimparihy M 23 Farmer Yes Yes Yes Yes Yes Yes Yes Neck pain,
anorexia IgM

19/04 Anosimparihy M 46 Farmer Yes Yes Yes Yes Yes Yes Backpain,
chills IgM

19/04 Anosimparihy M 48 Farmer Yes Yes Yes Yes Yes Yes Diarrhea,
chills qRT-PCR

26/04 Anosimparihy F 26 Farmer Yes Yes Yes Yes Yes Yes Yes qRT-PCR

01/05 Anosimparihy M 33 Farmer Yes Yes Yes Yes Yes Yes Yes Jaundice,
splenomegaly

qRT-PCR,
IgM Deceased

ND Antsenavolo M 26 Farmer IgM
ND Anosimparihy M 21 Farmer IgM
ND Anosimparihy M 46 Farmer IgM
ND Antsenavolo M 42 Farmer IgM

ND: No Data; M: Male; F: Female.
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Eight confirmed cases reported symptoms of RVF (Table 2). All suffered from headaches.
The main other reported symptoms were fever (7/8), myalgia (5/8), asthenia (5/8), and
abdominal pain (5/8).

None of the confirmed cases reported consuming raw milk, 83.3% (10/12) had been in
contact with cattle, 83.3% (10/12) had been in contact with deceased cattle suspected of RVF,
and 33.3% (4/12) has been in contact with abortion products. One confirmed human case
and at least one concomitant confirmed animal case were identified in three households,
implicating two male farmers from Anosimparihy and a female teacher from Andonabe.

4. Discussion

Our results suggest a recent circulation of RVF from epidemiological weeks 5 to
18/2021 in the cattle, confirmed by serological testing in four communes (Ambohimiarina
II, Anosimparihy, Antsenavolo, and Andonabe) of the Mananjary district in the Vatovavy
Fitovinany region. In humans, twelve cases were confirmed by qRT-PCR and/or IgM
testing between weeks 13 to 17/2021 in three of the four communes (Antsenavolo, Anosim-
parihy, and Andonabe) investigated: three were asymptomatic, six had mild symptoms,
and three had severe symptoms. The case fatality rate was 8% (1/12).

Our results suggest that viral transmission continued in humans during the investiga-
tion. Previous studies have shown that consumption of or contact with infected animals or
their products can potentially infect humans [12,13]. Our data show that most confirmed
cases were in contact with cattle that were suspected of having or confirmed to have RVF.
However, we did not find a statistically significant association, probably due to the small
sample size. An entomological survey was conducted in parallel with this survey. The
entomological results concerning the possible role of local populations of mosquitoes in
virus transmission during this outbreak are presented in a separate paper [14]. While
the virus can persist for years in the environment [15–17], the importation of RVFV from
other countries has also been implicated in previous epidemics in Madagascar and other
countries [18–20]. Further molecular analyses will be carried out to determine the origin of
the strain of RVFV responsible for this epidemic.

In the course of this survey, the DVSSE-R team set up a public education program
to explain prevention and control measures, such as sanitary measures and livestock
quarantine to prevent the spread of the disease, to CHWs and neighborhood chiefs in the
communes investigated.

The clinical symptoms of RVF are not always specific [21]. In Kenya, a significant delay
in the detection of suspected and confirmed cases was attributed to the low sensitivity
of passive surveillance, which is used for RVF surveillance [22,23]. In Uganda, during
the COVID-19 pandemic in 2021, delays in accessing healthcare centers for patients with
RVF were reported [24]. In Madagascar, a delay may be attributed to the concurrent
occurrence of the RVF outbreak and the COVID-19 wave observed during the first months
of 2021 [25,26]. The various non-pharmaceutical measures implemented during the COVID-
19 outbreak made travel between or within regions very difficult. Consequently, sending
samples and the movement of the investigation team became challenging.

Our results showed an 8-week delay between the time when suspected animal cases
were reported and the confirmation of human cases. In Mayotte, human cases were
reported during the rainy season in the 2018–2019 period. Further investigations suggested
that the virus had been imported from neighboring countries through illegal livestock
trading during the dry season and circulated at low levels for several months before being
detected [27,28]. The detection of human cases indicates that RVFV has already been
circulating for some time [22]. Having confirmed the circulation of RVFV in animals,
control measures must therefore be taken to reduce the health burden of RVF in humans.

Madagascar was affected by two RVF epizootics/epidemics in the 1990–1991 and
2008–2009 periods, with a long inter-epizootic period (12 years). Multiple factors have been
reported to contribute to the emergence of RVF, such as the presence of susceptible hosts,
the presence and proliferation of mosquito vectors, vertical transmission in mosquitoes, and
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favorable environmental conditions [13,29]. A serological survey carried out in ruminants
after the 2008 epidemic confirmed the circulation of RVFV, including in areas where no
clinical animal or human disease had been reported [30]. There is therefore an urgent
need to strengthen RVF surveillance within the framework of the “One Health” concept,
including syndromic and risk-based surveillance [31–33]. Entomological surveillance is
effective but challenging to implement and maintain in the long term. In any case, vector
control should be adapted according to the local specificity of each region. Measures should
be implemented to strengthen animal surveillance, which is of both economic and public
health interest. To make the implemented actions more effective, information about virus
circulation should be shared as soon as the confirmation has been made. Notification upon
detection is an essential element for the prevention and control of RVF [34,35]. Actions
must be taken in advance of an epidemic and be dictated in a dedicated contingency plan
to fight RVF.

Emphasis must be placed on coordinating information sharing between animal and
public health stakeholders in order to define prevention and control measures to tackle
RVF on national and regional scales.

Author Contributions: Conceptualization, R.V.R., A.N.H., M.L.T. and R.G.; methodology, R.V.R. and
A.N.H.; validation, R.V.R., R.G., V.L., M.V.A. and A.H.R.; statistical analysis, A.N.H.; investigation,
A.N.H., D.B.R., J.I., N.N.R., M.F.A. and J.T.R.; writing—original draft preparation, A.N.H. and L.R.;
writing—review and editing, S.F.A., D.B.R., L.R., J.I., M.F.A., A.H.R., M.V.A., M.L.T., R.G., V.L., P.D.
and R.V.R.; supervision, R.V.R., R.G. and P.D. All authors have read and agreed to the published
version of the manuscript.

Funding: The publication process, the field, and the laboratory works were funded by the U.S. Agency
for International Development (USAID) under the Research, Innovation, Surveillance and Evaluation
(RISE) program (Cooperative Agreement #72068719CA0001). The findings and conclusions in this
report are those of the author(s) and do not necessarily represent the official position of the USAID.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the fact that the data were collected during an outbreak response.

Informed Consent Statement: The purpose and procedures of the study were explained to all participants.
Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We are grateful to all individuals who agreed to take part in this study. We
would also like to thank the Ministry of Public Health, including the regional and district levels, the
primary health center staff, the community health workers, and Direction des Services Vétérinaires.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. World Health Organization. Annual Review of Diseases Prioritized under the Research and Development Blueprint Informal Consultation;

World Health Organization: Geneva, Switzerland, 2018.
2. Jonkmans, N.; D’Acremont, V.; Flahault, A. Scoping Future Outbreaks: A Scoping Review on the Outbreak Prediction of the

WHO Blueprint List of Priority Diseases. BMJ Glob. Health 2021, 6, e006623. [CrossRef] [PubMed]
3. Balakrishnan, V.S. WHO Launches Global Initiative for Arboviral Diseases. Lancet Microbe 2022, 3, e407. [CrossRef] [PubMed]
4. Pépin, M. Rift Valley Fever. Med. Mal. Infect. 2011, 41, 322–329. [CrossRef] [PubMed]
5. Morvan, J.; Fontenille, D.; Saluzzo, J.F.; Coulanges, P. Possible Rift Valley Fever Outbreak in Man and Cattle in Madagascar. Trans.

R. Soc. Trop. Med. Hyg. 1991, 85, 108. [CrossRef] [PubMed]
6. Morvan, J.; Lesbordes, J.L.; Rollin, P.E.; Mouden, J.C.; Roux, J. First Fatal Human Case of Rift Valley Fever in Madagascar. Trans.

R. Soc. Trop. Med. Hyg. 1992, 86, 320. [CrossRef]
7. Morvan, J.; Rollin, P.E.; Laventure, S.; Rakotoarivony, I.; Roux, J. Rift Valley Fever Epizootic in the Central Highlands of

Madagascar. Res. Virol. 1992, 143, 407–415. [CrossRef] [PubMed]

https://doi.org/10.1136/bmjgh-2021-006623
https://www.ncbi.nlm.nih.gov/pubmed/34531189
https://doi.org/10.1016/S2666-5247(22)00130-6
https://www.ncbi.nlm.nih.gov/pubmed/35659901
https://doi.org/10.1016/j.medmal.2010.12.010
https://www.ncbi.nlm.nih.gov/pubmed/21295425
https://doi.org/10.1016/0035-9203(91)90178-2
https://www.ncbi.nlm.nih.gov/pubmed/2068735
https://doi.org/10.1016/0035-9203(92)90329-B
https://doi.org/10.1016/S0923-2516(06)80134-2
https://www.ncbi.nlm.nih.gov/pubmed/1297176


Pathogens 2024, 13, 257 8 of 9

8. Andriamandimby, S.F.; Randrianarivo-Solofoniaina, A.E.; Jeanmaire, E.M.; Ravololomanana, L.; Razafimanantsoa, L.T.; Rakoto-
joelinandrasana, T.; Razainirina, J.; Hoffmann, J.; Ravalohery, J.P.; Rafisandratantsoa, J.T.; et al. Rift Valley Fever during Rainy
Seasons, Madagascar, 2008 and 2009. Emerg. Infect. Dis. 2010, 16, 963–970. [CrossRef] [PubMed]

9. CREAM. Monographie de la Région Vatovavy Fitovinany; Centre de Recherches, d’Etudes et d’appui à l’Analyse Economique à
Madagascar: Antananarivo, Madagascar, 2013.

10. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research Electronic Data Capture (REDCap)—A Metadata-
Driven Methodology and Workflow Process for Providing Translational Research Informatics Support. J. Biomed. Inform. 2009,
42, 377–381. [CrossRef]

11. Harris, P.A.; Taylor, R.; Minor, B.L.; Elliott, V.; Fernandez, M.; O’Neal, L.; McLeod, L.; Delacqua, G.; Delacqua, F.; Kirby, J.;
et al. The REDCap Consortium: Building an International Community of Software Platform Partners. J. Biomed. Inform. 2019,
95, 103208. [CrossRef]

12. Sumaye, R.D.; Abatih, E.N.; Thiry, E.; Amuri, M.; Berkvens, D.; Geubbels, E. Inter-Epidemic Acquisition of Rift Valley Fever Virus
in Humans in Tanzania. PLoS Negl. Trop. Dis. 2015, 9, e0003536. [CrossRef]

13. Birungi, D.; Aceng, F.L.; Bulage, L.; Nkonwa, I.H.; Mirembe, B.B.; Biribawa, C.; Okethwangu, D.; Opio, N.D.; Monje, F.;
Muwanguzi, D.; et al. Sporadic Rift Valley Fever Outbreaks in Humans and Animals in Uganda, October 2017–January 2018. J.
Environ. Public Health 2021, 2021, 8881191. [CrossRef]

14. Tantely, M.L.; Andriamandimby, S.F.; Ambinintsoa, M.F.; Raharinirina, M.R.; Rafisandratantsoa, J.T.; Ravalohery, J.-P.; Harimanana,
A.N.; Ranoelison, N.N.; Irinantenaina, J.; Ankasitrahana, M.F.; et al. Entomological Investigation during a Recent Rift Valley
Fever Epizootic/Epidemic Reveals New Aspects of the Vectorial Transmission of the Virus in Madagascar. 2024. Manuscript
submitted for publication.

15. Chevalier, V.; De La Rocque, S.; Baldet, T.; Vial, L.; Roger, F. Epidemiological Processes Involved in the Emergence of Vector-Borne
Diseases: West Nile Fever, Rift Valley Fever, Japanese Encephalitis and Crimean-Congo Haemorrhagic Fever. Rev. Sci. Tech. 2004,
23, 535–555. [CrossRef]

16. Chevalier, V.; Pepin, M.; Plee, L.; Lancelot, R. Rift Valley Fever—A Threat for Europe? Eurosurveillance 2010, 15, 19506. [CrossRef]
17. Manore, C.A.; Beechler, B.R. Inter-Epidemic and between-Season Persistence of Rift Valley Fever: Vertical Transmission or Cryptic

Cycling? Transbound. Emerg. Dis. 2015, 62, 13–23. [CrossRef]
18. Soumare, P.O.; Freire, C.C.; Faye, O.; Diallo, M.; de Oliveira, J.V.; Zanotto, P.M.; Sall, A.A. Phylogeography of Rift Valley Fever

Virus in Africa Reveals Multiple Introductions in Senegal and Mauritania. PLoS ONE 2012, 7, e35216. [CrossRef]
19. Maquart, M.; Pascalis, H.; Abdouroihamane, S.; Roger, M.; Abdourahime, F.; Cardinale, E.; Cetre-Sossah, C. Phylogeographic

Reconstructions of a Rift Valley Fever Virus Strain Reveals Transboundary Animal Movements from Eastern Continental Africa
to the Union of the Comoros. Transbound. Emerg. Dis. 2016, 63, e281–e285. [CrossRef]

20. Carroll, S.A.; Reynes, J.M.; Khristova, M.L.; Andriamandimby, S.F.; Rollin, P.E.; Nichol, S.T. Genetic Evidence for Rift Valley Fever
Outbreaks in Madagascar Resulting from Virus Introductions from the East African Mainland Rather than Enzootic Maintenance.
J. Virol. 2011, 85, 6162–6167. [CrossRef] [PubMed]

21. Ikegami, T.; Makino, S. The Pathogenesis of Rift Valley Fever. Viruses 2011, 3, 493–519. [CrossRef] [PubMed]
22. Bird, B.H.; McElroy, A.K. Rift Valley Fever Virus: Unanswered Questions. Antivir. Res. 2016, 132, 274–280. [CrossRef] [PubMed]
23. Hassan, A.; Muturi, M.; Mwatondo, A.; Omolo, J.; Bett, B.; Gikundi, S.; Konongoi, L.; Ofula, V.; Makayotto, L.; Kasiti, J.; et al.

Epidemiological Investigation of a Rift Valley Fever Outbreak in Humans and Livestock in Kenya, 2018. Am. J. Trop. Med. Hyg.
2020, 103, 1649–1655. [CrossRef] [PubMed]

24. Cossaboom, C.M.; Nyakarahuka, L.; Mulei, S.; Kyondo, J.; Tumusiime, A.; Baluku, J.; Akurut, G.G.; Namanya, D.; Kamugisha, K.;
Nansikombi, H.T.; et al. Rift Valley Fever Outbreak during COVID-19 Surge, Uganda, 2021. Emerg. Infect. Dis. 2022, 28, 2290–2293.
[CrossRef] [PubMed]

25. Garchitorena, A.; Rasoloharimanana, L.T.; Rakotonanahary, R.J.; Evans, M.V.; Miller, A.C.; Finnegan, K.E.; Cordier, L.F.; Cowley,
G.; Razafinjato, B.; Randriamanambintsoa, M.; et al. Morbidity and Mortality Burden of COVID-19 in Rural Madagascar: Results
from a Longitudinal Cohort and Nested Seroprevalence Study. Int. J. Epidemiol. 2023, 52, 1745–1755. [CrossRef]

26. Rabarison, J.H.; Rakotondramanga, J.M.; Ratovoson, R.; Masquelier, B.; Rasoanomenjanahary, A.M.; Dreyfus, A.; Garchitorena, A.;
Rasambainarivo, F.; Razanajatovo, N.H.; Andriamandimby, S.F.; et al. Excess Mortality Associated with the COVID-19 Pandemic
during the 2020 and 2021 Waves in Antananarivo, Madagascar. BMJ Glob. Health 2023, 8, e011801. [CrossRef]

27. Metras, R.; Edmunds, W.J.; Youssouffi, C.; Dommergues, L.; Fournie, G.; Camacho, A.; Funk, S.; Cardinale, E.; Le Godais, G.;
Combo, S.; et al. Estimation of Rift Valley Fever Virus Spillover to Humans during the Mayotte 2018–2019 Epidemic. Proc. Natl.
Acad. Sci. USA 2020, 117, 24567–24574. [CrossRef]

28. Lernout, T.; Cardinale, E.; Jego, M.; Despres, P.; Collet, L.; Zumbo, B.; Tillard, E.; Girard, S.; Filleul, L. Rift Valley Fever in Humans
and Animals in Mayotte, an Endemic Situation? PLoS ONE 2013, 8, e74192. [CrossRef]

29. Murithi, R.M.; Munyua, P.; Ithondeka, P.M.; Macharia, J.M.; Hightower, A.; Luman, E.T.; Breiman, R.F.; Njenga, M.K. Rift Valley
Fever in Kenya: History of Epizootics and Identification of Vulnerable Districts. Epidemiol. Infect. 2011, 139, 372–380. [CrossRef]
[PubMed]

30. Jeanmaire, E.M.; Rabenarivahiny, R.; Biarmann, M.; Rabibisoa, L.; Ravaomanana, F.; Randriamparany, T.; Andriamandimby, S.F.;
Diaw, C.S.; Fenozara, P.; de La Rocque, S.; et al. Prevalence of Rift Valley Fever Infection in Ruminants in Madagascar after the
2008 Outbreak. Vector Borne Zoonotic Dis. 2011, 11, 395–402. [CrossRef] [PubMed]

https://doi.org/10.3201/eid1606.091266
https://www.ncbi.nlm.nih.gov/pubmed/20507747
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1371/journal.pntd.0003536
https://doi.org/10.1155/2021/8881191
https://doi.org/10.20506/rst.23.2.1505
https://doi.org/10.2807/ese.15.10.19506-en
https://doi.org/10.1111/tbed.12082
https://doi.org/10.1371/journal.pone.0035216
https://doi.org/10.1111/tbed.12267
https://doi.org/10.1128/JVI.00335-11
https://www.ncbi.nlm.nih.gov/pubmed/21507967
https://doi.org/10.3390/v3050493
https://www.ncbi.nlm.nih.gov/pubmed/21666766
https://doi.org/10.1016/j.antiviral.2016.07.005
https://www.ncbi.nlm.nih.gov/pubmed/27400990
https://doi.org/10.4269/ajtmh.20-0387
https://www.ncbi.nlm.nih.gov/pubmed/32748778
https://doi.org/10.3201/eid2811.220364
https://www.ncbi.nlm.nih.gov/pubmed/36150455
https://doi.org/10.1093/ije/dyad135
https://doi.org/10.1136/bmjgh-2023-011801
https://doi.org/10.1073/pnas.2004468117
https://doi.org/10.1371/journal.pone.0074192
https://doi.org/10.1017/S0950268810001020
https://www.ncbi.nlm.nih.gov/pubmed/20478084
https://doi.org/10.1089/vbz.2009.0249
https://www.ncbi.nlm.nih.gov/pubmed/21395414


Pathogens 2024, 13, 257 9 of 9

31. Kumar, B.; Manuja, A.; Tripathi, B.N. Why Trans-Boundary and One Health Preparedness for Rift Valley Fever Is Required. Travel.
Med. Infect. Dis. 2019, 30, 139–140. [CrossRef]

32. Mariner, J. Surveillance de la Fièvre de la Vallée du Rift; Organisation des Nations Unies Pour L’alimentation et L’agriculture: Rome,
Italy, 2019; Volume 54, ISBN 9789251314159.

33. Zinsstag, J.; Hediger, K.; Osman, Y.M.; Abukhattab, S.; Crump, L.; Kaiser-Grolimund, A.; Mauti, S.; Ahmed, A.; Hattendorf, J.;
Bonfoh, B.; et al. The Promotion and Development of One Health at Swiss TPH and Its Greater Potential. Diseases 2022, 10, 65.
[CrossRef]

34. World Health Organization. Rift Valley Fever Fact Sheet; World Health Organization: Geneva, Switzerland, 2018.
35. World Organization for Animal Health. OIE Technical Disease Card, Rift Valley Fever; World Health Organization: Geneva,

Switzerland, 2015.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.tmaid.2019.04.011
https://doi.org/10.3390/diseases10030065

	Introduction 
	Materials and Methods 
	Ethics 
	Study Design 
	Study Site 
	Case Definitions 
	Data Collection 
	Laboratory Analysis 
	Statistical Analyses 

	Results 
	Description of RVF in Cattle 
	Description of Results for RVF in Humans 

	Discussion 
	References

