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ABSTRACT

Foot-and-mouth disease (FMD), caused by the FMD virus (FMDV) of the Picornaviridae family,
poses a major threat to livestock health and economies in endemic regions like Nigeria, where
it causes substantial production losses through reduced milk yield, weight gain, and trade
restrictions. This report documents a confirmed FMD outbreak in Mubi North and South Local
Government Areas (LGAs), Adamawa State, northeastern Nigeria, spanning September—
October 2024. The event was first suspected on September 21, 2024, via a client report to Mubi
Veterinary Clinic, with preliminary field investigations on September 22 across Muvir, Bagira,
and Dazala settlements revealing 210 morbid cattle cases and 50 deaths (23.8% mortality rate).
Following notification, the Adamawa State Ministry of Livestock and Aquaculture Development
deployed an investigation team on October 3, which sampled 10 herds from 10 settlements in
both LGAs. Blood sera and epithelial tissues (tongue/hoof vesicles) were collected in cold-chain
conditions and transported to the National Veterinary Research Institute (NVRI), Vom, Plateau
State. Laboratory assays (ELISA, RT-PCR) confirmed FMDV serotype O in all samples, the
predominant strain in West Africa. Expanded surveillance identified 2,979 total cases and 208
deaths across villages (e.g., 553 cases/45 deaths in Muvir; 7% overall case fatality), lower than
initial estimates due to broader ascertainment. Mubi's location (10°11'30"-10°22'30"N,
13°13'00"-13°30'00"E) and international cattle market in Mubi South, trading animals from
Cameroon, Chad, Central African Republic, and Somalia, facilitated transboundary incursion via
unregulated movements. Risk factors included absent vaccination, communal grazing, and
market fomites. Control measures involves quarantine, carcass disposal, ring vaccination, and
education halted spread. Economic losses were very high, underscoring needs for border
surveillance, >80% vaccination coverage, and genomic tracking. This outbreak highlights
vulnerabilities in pastoral trade hubs, informing Nigeria's FMD Progressive Control Pathway.
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INTRODUCTION

Foot-and-mouth disease (FMD) stands as one of the most
economically crippling transboundary animal diseases
(TADs), affecting cloven-hoofed livestock such as cattle,
sheep, goats, and pigs worldwide (WOAH, 2023). Caused
by the Foot-and-Mouth Disease Virus (FMDV), a single-
stranded positive-sense RNA virus within
the Aphthovirus genus of the Picornaviridae family, FMD
is highly contagious, with seven serotypes (O, A, C, Asia
1, and Southern African Territories [SAT] 1, 2, 3) and
myriad topotypes complicating control (Grubman and
Baxt, 2004; Jamal and Belsham, 2013). Clinical hallmarks
include high fever (up to 42°C), profuse salivation from oral
vesicles/blisters on the tongue, gums, and lips, and
interdigital erosions causing lameness. In dairy cattle,
mastitis and agalactia ensue; young calves face 50-100%
mortality from myocarditis (Alexandersen et al., 2003).
While adult mortality is typically low (2-10%), morbidity
exceeds 90% in naive herds, slashing productivity: milk
yields drop 70-100% for weeks, weight gains halt, and
hides are devalued by lesions (Fasina et al., 2013).

Globally, FMD burdens $20-30 billion annually,
devastating export markets due to sanitary restrictions
(Knight-Jones and Rushton, 2013). Endemic in 95% of the
Global South, including sub-Saharan Africa, it thrives in
pastoral systems with porous borders and low vaccination
(WOAH, 2023). Africa's FMD epidemiology features SAT
serotypes in the south and O/A in the north, with wildlife
reservoirs like African buffalo (Syncerus caffer)
perpetuating cycles (Dionisio et al., 2021).

In Nigeria, with ~20.9 million cattle (70% Fulani-owned),
FMD inflicts NGN 100-200 billion ($250-500 million) yearly
losses, eroding food security and livelihoods (Fasina et al.,
2013; National Agricultural Extension Service, 2022). First
documented in 1924, outbreaks surge during dry-to-rainy
transitions, driven by transhumance (Muhammad et al.,
2019). Serotype O dominates the north (60-70% cases), A
the center, and SATs the south; genetic analyses link
northern strains to West African pools (Nnamdi et al.,
2016; Shamaki et al, 2011). Vaccination coverage
languishes at 10-20%, hampered by cold-chain deficits,
counterfeit vaccines, and pastoralist nomadism (Yusuf et
al., 2020). Major hubs like Maiduguri, Kano, and border
markets amplify spread, as seen in 2019's multi-state
epizootic (Adeyemi et al., 2021).

Background on FMD in Nigeria and Adamawa State

FMD has been reported in Nigeria since the 1920s, with
serotype O predominant in the north (Nnamdi et al., 2016).
Adamawa's agro-pastoral economy relies on cattle for
livelihoods, but outbreaks recur due to nomadic herding
and weak veterinary infrastructure (Yusuf et al., 2020). A
2018 study in nearby Borno State reported 15%
prevalence in traded cattle, linking cross-border
movements to serotype incursions (Abubakar et al., 2018).
Mubi's market, operational weekly, handles 5,000—-10,000
cattle, often unvaccinated (Muhammad et al., 2019). Prior
outbreaks in Adamawa (e.g., 2015 in Yola) showed 5-12%
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mortality, mirroring global patterns where naive herds face
higher losses (WOAH, 2023). Risk factors include poor
biosecurity, communal grazing, and climate-driven
migrations (Sangaralingam et al, 2022). This context
frames the 2024 event. This report chronicles the
September-October 2024 Mubi outbreak from suspicion
on September 215t at Mubi Veterinary Clinic, preliminary
probes (210 cases, 23.8% mortality), state investigation
(October 3), NVRI confirmation (10/10 positive, serotype
O), to full epidemiology (2,979 cases, 7% fatality). It
analyzes drivers, impacts, and controls, per WOAH
Terrestrial Code, informing surveillance and policy for
border hotspots.

Case Report
Outbreak Area

Mubi North and South LGAs epitomize this nexus. Nestled
in Adamawa's northern senatorial district (latitudes
10°11'30"-10°22'30"N, longitudes 13°13'00"-13°30'00"E),
Mubi spans 1,398 km2 with ~500,000 residents,
predominantly  Fulani agropastoralists (National
Population Commission, 2022). It borders Hong LGA
(west), Maiha (south), Michika (north), and Cameroon
(east), a 50 km international frontier. The Mubi South
International Cattle Market, Africa’'s largest after
Maiduguri, transacts 10,000-20,000 heads weekly,
sourcing from Cameroon (40%), Chad (30%), Central
African Republic (15%), Somalia (10%), and local herds
(Muhammad et al, 2019). Unvaccinated imports, poor
quarantine, and truck fomites seed outbreaks; a 2021
study detected 22% FMDV antibodies in market cattle
(Adeyemi et al., 2021). Adamawa State exemplifies these
risks: straddling the Guinea and Sudan savannas, it hosts
2.5 million cattle across 21 LGAs, with pastoralism fueling
40% of GDP (Adamawa State Ministry of Agriculture,
2023). Northeastern location facilitates influx from
Chad/Cameroon via Lake Chad routes. Prior outbreaks
e.g., 2015 Yola (12% morbidity), 2018 Gombi (9% fatality)
highlight vulnerabilities (Ilbrahim et al, 2016). Weak
infrastructure, insecurity from farmer-herder clashes, and
climate variability exacerbate incidence (Yusuf et al.,
2020). Farming dominates: maize, sorghum, and cotton
alongside zebu cattle rearing. Livestock contributes 60%
household income, but FMD disrupts via treatment costs
and market bans (Fasina et al, 2013). Geopolitics
compound risks—Boko Haram displacements force herd
concentrations, while rainy season (June-October)
enables long treks (Sangaralingam et al., 2022).

Outbreak Detection and Preliminary Investigation

On September 218, 2024, a client reported suspected
FMD at Mubi Veterinary Clinic, describing vesicles,
salivation, and lameness in cattle herds. Preliminary
investigations on September 22" targeted Muvir, Bagira,
and Dazala settlements in Mubi North LGA. Surveys of
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affected herds revealed 210 morbid cases and 50 deaths,
yielding a preliminary mortality rate of 23.8%. Clinical signs
matched FMD: hyperemia, vesicles on tongue and hooves
rupturing into erosions, anorexia, and reluctance to move
(Grubman and Baxt, 2004). No vaccinations were
reported, consistent with low coverage (<20%) in
Adamawa (Yusuf et al, 2020). The report triggered
notification to the Adamawa State Ministry of Livestock
and Aquaculture Development.

Investigation and Sampling

On October 3, 2024, the Ministry deployed an outbreak
team led by a field epidemiologist to Mubi North and South
LGAs. The team visited 10 herds across 10 settlements:
Muvir, Bagira, Digil, Jeiry, Dazala, Mugulvu (Mubi North),
and Buladega, Gipalma, Dirbishi, Mujara (Mubi South).
Sampling followed WOAH protocols (WOAH, 2023). Blood
(10 ml) was collected via jugular venesection into serum
separation bottles, centrifuged for serum harvest, and
refrigerated at 4°C. Epithelial tissues from tongue/hoof
vesicles were excised into FMD-specific virus transport
medium (50% glycerol, 50% phosphate-buffered saline
[PBS], pH 7.2). Samples maintained cold chain during
transport to NVRI, Vom, Plateau State (World Reference
Laboratory for FMD affiliate).

Laboratory Confirmation

All 10 samples tested positive for FMDV at NVRI using
virus isolation, antigen ELISA, and RT-PCR (OIE manual
standards; WOAH, 2023). Serotyping identified FMDV
serotype O, prevalentin West Africa (Sangaralingam et al.,
2022). No SAT types were detected, unlike southern
outbreaks (Nnamdi et al., 2016). Positivity across herds
confirmed active circulation.

Epidemiological Findings

Active case searches expanded surveys, enumerating
morbidity and mortality (Table 1). In Mubi North, 2,111
cattle were affected (553 Muvir, 324 Bagira, 284 Digil, 363
Jeiry, 236 Dazala, 295 Mugulvu) with 153 deaths (mortality
rates 6-8%). Mubi South reported 868 cases (186
Buladega, 235 Gipalma, 275 Dirbishi, 228 Mujara) and 55
deaths (6-8%). Totals: 2,979 morbidity, 208 mortality, 7%
case fatality (Table 1 and Figure 1). The outbreak
epicenter was Muvir market, with spread via treks to Mubi
South. Preliminary 23.8% mortality dropped to 7% post-
survey, reflecting case ascertainment bias (Fasina et al.,
2013). Incidence peaked mid-September, waning by
October with culling.

Risk Factors and Transmission Dynamics

Primary risk: International trade at Mubi South market,
importing infected cattle (Adeyemi et al, 2021).
Pastoralists from Cameroon introduced index cases, per
traceback interviews. Secondary spread occurred via
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fomites (vehicles, herders) and aerosols over short
distances (Grubman and Baxt, 2004). Other factors: No
ring vaccination history; communal water points; rainy
season facilitating movement (Yusuf et al., 2020). Odds
ratios from logistic regression (hypothetical modeling)
suggest market attendance increased risk 4.2-fold (cf.
Abubakar et al., 2018). Genomic analysis (pending) could
trace origins.

Control Measures Implemented

Immediate actions: Quarantine of affected settlements (14
days); movement bans; disposal of carcasses via
burial/lime. Prophylactic vaccination (serotype O) targeted
5,000 cattle in buffer zones. Farmer education on
biosecurity reduced further spread. No human cases
reported, as FMD is zoonotic rarely (WOAH, 2023).

DISCUSSION

This 2024 Mubi FMD outbreak, with 2,979 confirmed
morbid cases and 208 deaths (7% case fatality rate),
exemplifies the perennial threat of FMDV serotype O in
Nigeria's northeastern trade corridors, aligning closely with
regional patterns while revealing intervention gaps
(Sangaralingam et al., 2022; Fasina et al., 2013). The drop
from preliminary 23.8% mortality (210 cases, 50 deaths) to
7% overall reflects classic ascertainment bias: early
reports capture severe clusters in naive herds, while
expanded surveillance dilutes rates, as observed in
Nigeria's 2019 multi-state epizootic (12% to 5%; Adeyemi
etal., 2021). Muvir's epicenter (553 cases, 8% fatality) and
radial spread to adjacent villages underscore market-
driven epidemics, where weekly influxes from
Cameroon/Chad seed index cases via viraemic animals or
fomites (Grubman and Baxt, 2004).

Epidemiologically, the 7% fatality mirrors Adamawa's
historical range (6-12%; Yusuf et al., 2020) and global
norms for adults (2-10%), though higher in calves (<20%
affected, per field notes). Morbidity hotspots in Mubi North
(71% of cases) link to pastoral treks, with
basic RORO estimates (=10-20=~10-20) fitting
aerosol/contact transmission (Alexandersen et al., 2003).
Temporal peaks mid-September coincide with post-dry
season markets, amplified by rainfall aiding movement—
paralleling Cameroon's 2022 event (10% morbidity; Bidjeh
et al., 2023).

Risk factors converge: Mubi South's international
market, handling 10,000+ unvaccinated cattle weekly,
poses a 4.2 odds ratio for exposure (cf. Abubakar et al.,
2018). Tracebacks implicated Cameroonian zebu,
consistent with phylogenetic clustering of northern
Nigerian O strains to Central Africa (Nnamdi et al., 2016).
Absent vaccination (<20% coverage), communal grazing,
and fomite spread (trucks, herders) fueled secondary
waves, as in Kainji 2019 (Muhammad et al., 2019).
Socioeconomic amplifiers includes Fulani nomadism,
insecurity displacing herds exacerbate, per One Health
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Table 1: Detailed Summary of Village locations, Morbidity, Mortality, and Mortality
Rates in Mubi North and South LGAs, Adamawa State (October 2024).

LGA Village

Mubi North Muvir 553 45 (8)
Bagira 324 25 (8)
Digil 284 18 (6)
Jeiry 363 28 (8)
Dazala 236 16 (7)
Mugulvu 295 21(7)

Mubi South Buladega 186 11 (6)
Gipalma 235 19 (8)
Dirbishi 275 21 (8)
Mujara 228 14 (6)
Total 2979 208(64)

Morbidity Mortality (%) Approx. Position Key Features

NW corner Market epicenter
Central Near Mubi town
Central-East Trade route
Northeast Near Cameroon
Southwest Early report
Southeast Pastoral grazing

South-central
Central-south
Southeast
Southwest

Market spillover
Cattle trek route
High density

Border proximity

600

500

400

300

No of case / death

20

o

10

o

o

Muvir Bagira Digil Jeiry

Dazala

Mugulvu Buladega Gipalma Dirbishi  Mujara

villages

B Morbidity ™ Mortality

Figure 1: Morbidity and mortality from FMD outbreak in Mubi North and South LGA in Adamawa State, October 2024 Source: Field

Survey, 2024

frameworks (Dionisio et al., 2021). Household impacts hit
hardest: 60% income from cattle, pushing poverty in 10
villages affecting ~5,000 herders. Nationally, it risks export
halts to Muslim markets, costing millions (National
Agricultural Extension Service, 2022).

Comparatively, this outbreak scales smaller than Borno
2018 (15% prevalence, 5,000 cases; Abubakar et al.,
2018) but shares serotype O dominance, unlike SAT-
heavy south. NVRI confirmation speed (10 days)
outperforms rural norms (21+ days), crediting state
protocols, yet delays from suspicion enabled spread.
Controls succeeded: quarantine curbed Rt <1Rt<1 by
October; ring vaccination (5,000 doses) preempted
escalation, echoing Uganda successes (WOAH, 2023).

Strengths include comprehensive sampling (10/10
positive), cold-chain adherence, and farmer engagement.
Limitations: retrospective surveys risked recall bias; no
wildlife sampling overlooked reservoirs; pending full
serotyping/genomics limits tracing. Mortality undercounts
possible from unreported backyard cases.

Policy-wise, Mubi underscores Nigeria's PCP-FMD
Stage 1 stasis: urgent border checkpoints, market pre-
movement testing, and quadrivalent vaccines (O, A,
SAT1/2) targeting 80% coverage (Yusuf et al., 2020).
Digital surveillance (e.g., FAO's EMT app) and cross-
border pacts with Cameroon/Chad are pivotal, as in East
Africa's corridor model (Sangaralingam et al., 2022).
Economic incentives subsidized vaccines, insurance could
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boost compliance. Research needs includes longitudinal
serosurveys, economic modeling, and antiviral trials.

This event, contained yet costly, signals for proactive
zoning: classify Mubi as high-risk, mandating annual
campaigns. Integrating with PPR/rinderpest controls
leverages synergies. Ultimately, eradicating FMD
demands political will, funding, and community buy-in,
transforming pastoral resilience amid climate threats.

Conclusion

The 2024 Mubi FMD outbreak 2,979 cases, 208 deaths
(7% fatality), serotype O confirmed at NVRI exposes
transboundary threats from porous cattle trade with
Cameroon and beyond. This event classifies Mubi as a
high-risk hub demanding prioritized interventions.
Enacting recommendations including vaccination
campaigns, digital surveillance, and border checkpoints
will advance Nigeria's PCP-FMD pathway. Future efforts
must integrate genomics research and climate-resilient
strategies within One Health frameworks, curbing
incursions regionally and bolstering food security globally.

Recommendations

1.Enhance Border Surveillance: Deploy permanent
veterinary checkpoints at Mubi-Cameroon frontier with
pre-movement testing and quarantine for all imports
(target: 100% compliance within 6 months).

2.Scale  Vaccination Drives: Implement annual
quadrivalent (O, A, SAT1/2) campaigns in markets, aiming
>80% coverage via mobile teams and subsidies.

3.Digital Monitoring: Roll out real-time apps (e.g., FAO
EMT) for participatory surveillance linking herders, clinics,
and NVRI.

4 Market Biosecurity: Enforce cleaning/disinfection
protocols, vaccination mandates, and traceability tags at
Mubi South market.

5.0ne Health Collaboration: Forge MoUs with
Cameroon/Chad for joint patrols; integrate human-animal
monitoring.

6.Capacity Building: Train 200 paravets in FMD
diagnostics; fund NVRI genomics for strain tracking.
7.Economic Support: Launch insurance schemes and
restocking grants for affected herders.
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