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Abstract

Background: Edo State Surveillance Unit observed the emergence of a disease with “no clear-cut-diagnosis’, which
affected peri-urban Local Government Areas (LGAs) from September 6 to November 1, 2018. On notification, the
Nigeria Centre for Disease Control deployed a Rapid Response Team (RRT) to support outbreak investigation and
response activities in the State. This study describes the epidemiology of and response to a large yellow fever (YF)
outbreak in Edo State.

Methods: A cross-sectional descriptive outbreak investigation of YF outbreak in Edo State. A suspected case of YF
was defined as “Any person residing in Edo State with acute onset of fever and jaundice appearing within 14 days

of onset of the first symptoms from September 2018 to January 2019” Our response involved active case search in
health facilities and communities, retrospective review of patients’ records, rapid risk assessment, entomological sur-
vey, rapid YF vaccination coverage assessment, blood sample collection, case management and risk communication.
Descriptive data analysis using percentages, proportions, frequencies were made.

Results: A total of 209 suspected cases were line-listed. Sixty-seven (67) confirmed in 12 LGAs with 15 deaths [Case
fatality rate (CFR 22.4%)]. Among confirmed cases, median age was 24.8, (range 64 (1-64) years; Fifty-one (76.1%)

were males; and only 13 (19.4%) had a history of YF vaccination. Vaccination coverage survey involving 241 children
revealed low YF vaccine uptake, with 44.6% providing routine immunisation cards for sighting. Risk of YF transmission
was 71.4%. Presence of Aedes with high-larval indices (House Index >5% and/or Breteau Index >20) were established
in all the seven locations visited. YF reactive mass vaccination campaign was implemented.

Conclusion: Edo State is one of the states in Nigeria with the highest burden of yellow fever. More males were
affected among the confirmed. Major symptoms include fever, jaundice, weakness, and bleeding. Majority of
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mortality from yellow fever.

Keywords: Yellow fever, Outbreak, VPD, Edo-state

surveillance performance indicators were above target. There is a high risk of transmission of the disease in the

state. Low yellow fever vaccination coverage, and presence of yellow fever vectors (Ae.aegypti, Ae.albopictus and Ae.
simpsoni) are responsible for cases in affected communities. Enhanced surveillance, improved laboratory sample
management, reactive vaccination campaign, improved yellow fever case management and increased risk communi-
cation/awareness are very important mitigation strategies to be sustained in Edo state to prevent further spread and

Introduction

Yellow fever (YF) is an acute viral haemorrhagic disease
characterised by fever, yellowness of the eyes, skin and
urine caused by the yellow fever virus which belongs to
the genus Flavivirus. It is a vector-borne (arbovirus) dis-
ease transmitted to man from the bites of infected Aedes
mosquitoes. Humans and non-human primates are the
reservoir hosts of yellow fever [1, 2]. There are three basic
transmission cycles of yellow fever: i) the jungle (sylvatic)
yellow fever virus transmission cycle, is between non-
human primates (e.g. monkeys) and mosquito species;
ii) The intermediate (savannah) cycle involves the trans-
mission of the virus from infected mosquitoes to humans
living or working in jungle border areas; iii) the urban
cycle involves transmission of the virus between humans.
Transmission occurs when an infected person from the
jungle or savannah introduces the disease in human pop-
ulations with low immunity for fellow fever [3, 4].

Yellow fever remains a public health problem, especially
in Africa, despite the availability of an effective vaccine
[5]. This is due to several factors including uncontrolled
urbanisation with rapid encroachment into natural habi-
tats of the yellow fever vector, low production capac-
ity for yellow fever vaccines and limited enforcement of
the International Health Regulations (IHR) by countries
in the region [1, 2]. Yellow fever control is guided by the
World Health Organization (WHO) coordinated “Elimi-
nation of Yellow Fever Epidemic (EYE) Strategy” with
three strategic objectives namely: to protect at-risk popu-
lations (no epidemics), prevent international spread (no
exportation) and contain outbreaks rapidly (no sustained
transmission) [6].

The current cycle of yellow fever transmission in Nige-
ria was detected in September 2017, in Ifelodun Local
Government Area (LGA) of Kwara State, 21years after
the last reported confirmed yellow fever case [7]. Since
the onset of the outbreak, increasing numbers of cases
with increasing geographic spread have been reported.
From July 2017 to December 2018, a total of 163 con-
firmed cases in 46 LGAs in 17 states were reported
from the Institut Pasteur (IP Dakar), Ninety deaths were
reported (CFR=2.2%) from all suspected cases and 31
deaths among confirmed cases (CFR=19.0%) [8, 9].

As a major preventive measure, the yellow fever vaccine
was introduced into routine immunization (RI) sched-
ule nationwide in 2004 targeting children 9months to 2
years. However, since the re-emergence of YF in 2017,
yellow fever vaccinations have been accelerated through
both preventive and reactive mass vaccination cam-
paigns. As at first quarter of 2021, 11 international coor-
dinating group for vaccine provision (ICG) requests were
approved for YF reactive mass vaccination (RMVC) with
about 15 million Nigerians vaccinated across 75 LGAs in
16 States. While 88,121,329 were vaccinated through pre-
ventive mass vaccination campaigns in 19 states. Planned
phase PMVC schedule to cover all the states in Nigeria
till 2025 [10].

The first recent confirmed case of yellow fever in Edo
State was recorded in May 2018 of a 65-year-old woman
from Etsako East LGA. The case presented with fever,
jaundice and vomiting with no history of vaccination nor
travel to yellow fever affected states. On November 14,
2018, the Epidemiology Unit of the Department of Dis-
ease Control, Edo State reported an observed incidence
of a disease with “no clear-cut diagnosis” that required
urgent attention, to the Nigeria Centre for Disease Con-
trol (NCDC). The cases presented with clinical signs and
symptoms suggestive of a viral haemorrhagic disease,
with dates of onset between September 6 and November
1, 2018. The cases were resident in four LGAs including
Esan Central, Esan West, Owan East and Uhunmwode.
The state has the highest Lassa fever (LF) burden in Nige-
ria [11]. Most LGAs with high LF burden were the LGAs
that reported the strange disease. This led to a low index
of suspicion of yellow fever in the affected communities
which consequently increased the mortality experienced
in the outbreak.

Preliminary investigations on the samples for Lassa
fever at the Institute of Lassa Fever Research and Control
(ILFRC), Irrua, Edo State were negative. Further inves-
tigations were done using IgM serology in Central Pub-
lic Health Laboratory Lagos (CPHL) and metagenomic
analysis at the African Center of Excellence for Genomics
of Infectious Diseases (ACEGID), Redeemer’s University,
Ede, Osun State. The results of these investigations were
positive for yellow fever [12]. Following the notification
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of these cases, NCDC deployed a multi-disciplinary
team to support the state’s response to the outbreak.
The objectives of the deployment were to describe the
re-emergence of yellow fever, assess the risk of a larger
outbreak occurring, assess the determinants of the out-
break and define short, medium- and long-term control
measures.

The aim of this study is to provide the descriptive epi-
demiology of and response to a large yellow fever (YF)
outbreak in Edo State.

Methods
Study area/ study design
This is a cross-sectional descriptive outbreak investiga-
tion and response of yellow fever in Edo State, Nigeria
as at January 2019. Edo State is one of the states in the
South-South geo-political zone of the country with 18
LGAs [13]. The clusters of “cases of a strange illness” that
initially affected four LGAs namely, Esan Central, Esan
West, Owan East and Uhunmwode LGAs, later increased
in both severity and geographic coverage extending to 12
LGAs between September 2018 and January 2019.
Advocacy visits were paid to key stakeholders to pro-
vide information about the presence and purpose of the
team in the state and to obtain detailed information on
the current situation and activities undergone. At the
community level, advocacy visits were made to commu-
nity leaders by the RRT detailing the nature and risks
associated with the disease and preventive measures.
Community leaders were sensitised on the case definition
for yellow fever.

Operational case definition
A modified standard case definition for YF from the inte-
grated disease surveillance and response (IDSR) technical
guidelines (2013) for Nigeria was adapted as the working
case definition and utilised for the purpose of identifying
suspected cases of YF residing in the communities in Edo
State [14].

The study population included persons who met the
case definitions of yellow fever as follows:

i. Suspected Case: Any person residing in Edo State
with acute onset of fever, with jaundice appearing
within 14 days of onset of the first symptoms with
or without bleeding from September 1, 2018 to
January 12, 2019.

ii. Probable Case: A suspected case whose sample was
IgM positive / PCR positive/metagenomics positive
in a national laboratory in the absence of YF vac-
cination within 30days of onset of illness with an
epidemiological link to a confirmed case or an out-

Page 3 of 13

break and positive post-mortem liver histopathol-
ogy.

ili. Confirmed Case: A probable case and the detec-
tion of YF-specific IgM, detection of a four-fold
increase in YF IgM and/or IgG antibody titres
between acute and convalescent serum samples,
detection of YFV-specific neutralising antibodies at
WHO Regional Reference Laboratory, Institut Pas-
teur.

Following the establishment of case definitions for the
outbreak, the activities detailed below were subsequently
carried out during the outbreak investigation:

i. Active case search

Active case search was done in line with the YF prepar-
edness and response guideline and YF field investigation
guide [15, 16] Active case search was conducted by the
RRT at the health facilities and communities. For health
facilities (HF), a retrospective review of HF records (reg-
isters/case notes) took place at the medical records, out-
patient and inpatient and the laboratory sections from
September 1, 2018 to January 12, 2019 was done. Patients
who met the case definitions were added to a specific yel-
low fever outbreak line list.

Two approaches were used in the community active
case search. Community leaders were sensitised on the
case definition for yellow fever. The first approach was
to assemble community members together in a place
approved by the community leader where they were
sensitised and examined for symptoms and signs of YF.
The second approach was a house-to-house case search
where the RRT visited every house in the community
with an assigned community guard by the community
leader.

Any person that met the case definitions for suspected
case was added to a line-list and their blood sample col-
lected. Detailed case investigation was carried out on all
the confirmed cases. Human blood sample management.

The RRT facilitated sample management (collec-
tion, packaging, and transportation) as part of out-
break response activities. All suspected cases had 5mls
of venous blood collected by the laboratory team. The
samples stored in plain bottles were centrifuged at
500g-1000g for 5 min to obtain sera. The sera were
collected into cryovial tube(s), stored at +2 to +8°C
or frozen at —20°C degrees Celsius (°C). These sam-
ples were triple packaged and shipped under good
cold chain through a contracted courier company to
the NCDC Central Public Health Laboratory (CPHL),
Yaba, Lagos for IgM serology. Positive (presumptive
positive) samples were sent to the World Health Organ-
ization (WHO) Regional Reference Laboratory, Institut
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Pasteur (IP) Dakar where both real-time polymerase
chain reaction (RT-PCR) and plaque reduction neutral-
ization test (PRNT) were used for final confirmation.

ii. Risk assessment

Risk assessment was done at the state level using a set
of 14 criteria for the assessment:

Each criterium was given a maximum score of one
and a minimum score zero (1 or 0): Total score was 14
while least score was 1. Earned score was divided by the
total score and multiplied by 100. The percentage scores
were graded thus: 70-100% is very high risk; 40-69% is
moderate risk and below 40% is low risk. Data were col-
lected using a pro forma, entered and analysed using
Microsoft Excel.

In addition, a risk communication gap assessment to
review existing documents and reports, inventory of
existing communication materials and key informant
interviews. Coordination and system strengthening,
yellow fever jingle, media plan, training schedule for
healthcare workers and community engagement were
carried out.

iii. Verbal autopsy

Verbal Autopsy (VA) was used to estimate disease
burden, mortality, and under-reporting of yellow fever
as part of the National Yellow fever Outbreak Response
Strategy. A case of VA was defined as “any death of a
family member(s) who prior to death developed acute
onset of fever and jaundice appearing within 14 days in
a person who resided in Uhunmwode, Esan West, Esan
Central and Owan West or any other LGAs within Edo
State between September 1, 2019, to January 12, 2019”
[7]. A questionnaire was used to collect data from fam-
ily members. Any death in the community that met the
case definition was included. However, all cases line
listed in the VA were verified with the state surveillance
data. Those already captured in the state surveillance
data were excluded from the report.

iv. Entomological surveillance

An entomological survey was conducted in the first
four LGAs to identify the presence of the yellow fever
vectors. The approaches used to establish the presence
of the vectors, Aedes mosquitoes, in the locations vis-
ited include (i) larval sampling, which was designed
to collect immature stages (larvae and pupae) of the
vectors. (ii) Ovitraps were designed to collect Aedes
mosquito eggs. (iii) modified Human Landing Catch
(mHLC), designed to collect adult mosquitoes Two
types of adult collection traps were deployed: Bio-
gents’-sentinel trap and CDC UV light trap [17-19].
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xxii. Rapid Vaccination Coverage Assessment

Rapid Vaccination Coverage Assessment (RVC) was
conducted in the four LGAs where the outbreak started
to determine the yellow fever vaccination status of chil-
dren 10 years and below in the community, as part of
the national YF outbreak response strategy. A system-
atic sampling of alternate houses was used to identify
those to be included. The assessment began where the
RRT met with the community leader and the team sub-
sequently moved in a clockwise direction. Children
below the age of one and above 10years were excluded.
A living first-born child between 1 and 10years in each
house was studied until 10 children per settlement were
identified and their caregivers interviewed. A caregiver
at each selected house was asked for the history of yel-
low fever vaccination as well as documentary evidence
in the routine immunisation (RI) cards to show that the
child had YF vaccination. Sighting of the immunisation
card and date of yellow fever vaccination was evident
that the child received YF vaccination.

vi. Yellow fever reactive mass vaccination campaign

A request for YF reactive mass vaccination cam-
paign was made through the International Coordinat-
ing Group (ICG) for vaccine provision. Upon approval
by the ICG, pre-implementation and implementation
microplans were developed. The campaign strategy was
a fixed and temporary fixed post campaign strategy tar-
geting the age groups of 9months to 44 years (85% of
total population).

vii. Data management and Analysis

Yellow fever specific investigation data tools were
used for different activities, and these include.

Active case search: the yellow fever specific line-list
in Excel template was used and analysed with Microsoft
Excel software.

Verbal autopsy: data was collected using a struc-
tured-interviewer-administered questionnaire. Data
was entered and analysed using Epi-Info software.

Risk assessment: Checklist was used for data collec-
tion and analyses with Microsoft Excel software.

Entomology: A customized excel template was used
in collection of entomology data.

Rapid yellow fever vaccination coverage assessment:
a checklist was used to collect data. Data was entered
and analysed using Epi-Info software. RMVC data were
collated and analysed using the yellow fever mass vac-
cination campaign database in Microsoft Excel.

All data analysis done were descriptive data analysis
using percentages, proportions, and frequencies.
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Table 1 Summary of demographic characteristics of suspected
yellow fever cases in Edo State, September 2018-January 2019”

Demography and clinical characteristics of Frequency (N =209)

Percentage (%)

Sex
Male 159 (76.1)
Female 50(23.9)
Age (years)
Age range 70years (1 —71years)
Median age 20years
Affected LGAs
Uhunmwode 72 (344)
Result
Presumptive positive 94 (45.0)
Confirmed 67 (32.1)
Male 51(76.1)
Female 16 (23.9)
Not a case? 142 (67.9)
Deaths
Suspected 25(12.0)
Presumptive 17 (18.1)
Confirmed (IP Dakar) 15

2 Not a case: All negative cases at both National and Regional Reference
Laboratories excluding IP Dakar confirmed cases
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Results

Demographic characteristics of study participants

Two hundred and nine (209) suspected cases of YF were
recorded from 16 LGAs during the active case search in
the communities and the retrospective record review of
data from health care facilities from September 1, 2018—
January 12, 2019. Tables 1 and 2. The outbreak started
from 4 peri-urban LGAs namely: Uhunmwode, Esan-
central, Esan-West and Ovia North-East and these LGAs
had both the highest number of cases and attack rate per
100,000 population. Seventy-two (34.4%) of the cases
were from Uhunmwode LGA (Figs 1 and 2).

The ages of the suspected cases were between 1 to
71years [median: 20years and range (70years)], 159
(76.1%) were males and 50 (23.9%) females in a ratio of
3:1 (Table 1). The yellow fever outbreak affected more
males within the age group of 11-30years (Fig. 3). About
94 (45.0%) of the suspected cases were presumptive posi-
tive/inconclusive (IgM+) cases and 67 (32.1%) of Institut
Pasteur Dakar confirmed cases were recorded. See Fig. 4
showing map of LGA distribution of cases. Blood sam-
ples of 174 (83%) cases were collected and sent to the lab-
oratory. Twenty-five (12.0%) deaths were recorded from
suspected cases, 17 (18.1%) deaths were recorded from
presumptive positive cases (Table 1).

Among confirmed cases, the 67 (32.1%) confirmed
cases, were reported from 12 LGAs. Male to female ratio
is 3.2:1. Fifty-one (76.1%) were males; median age was
24.8, range 63 (1-64) years and 13 (19.4%) had history of

Table 2 Classification of cases of yellow fever by LGA in Edo State from September 2018-January 2019

Yellow Fever Cases in Edo State September 2018 - January 2019

Affected LGA Number of Suspected Cases of YF (%)  Number of Presumptive Cases of YF (%) Number of
Confirmed Cases
of YF (%)

Akoko Edo 1(0.5) 1(1.1) 1(1.5)

Egor 7(3.3) 0 0

Esan-Central 15(7.2) 6 (6.4) 3 (4.5)

Esan North-East 9 (4.3) 5(5.3) 4(6.0)

Esan-West 37(17.7) 19(20.2) 14 (20.8)

Etsako East 1(0.5) 0 0

Etsako West 157.2) 7(74) 5(7.5)

Iguegben 7 (3.3) 2(2.2) 2 (3.0)

lkpoba-Okha 11(5.3) 7(74) 4 (6.0)

Oredo 3(14) 2(22) 2(3.0)

Orhionmwon 1(0.5) 0 0

Ovia North-East 17 (8.2) 7(74) 7(104)

Ovia South-West 1(0.5) 0 0

Owan-East 8(3.8) 3(3.2) 2 (3.0

Owan-West 4(1.9) 3(3.2) 3(4.5)

Uhunmwode 72 (34.4) 32 (34.0) 20 (29.8)

Total 209 (100.0) 94 (100.0) 67 (100.0)
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YF vaccination. Fifteen deaths [Case fatality rate (CFR
22.4%)] were recorded.

Figure 5 shows the epicurve of the yellow fever out-
break and the timeline of response activities carried out
during the outbreak. The height of the epicurve increased
following enhanced active cases search which led to
increase in case detection and the sharp drop in the
epicurve following commencement of yellow fever vac-
cination in the affected LGAs. Yellow fever surveillance

performance indicators were measured and compared
with WHO standard. See Table 4.

Table four describes set of evaluating standards used
to ensure that YF surveillance can meet the objectives
of its surveillance system. About 6 (85.7%) of the per-
formance indicators were achieved within the report-
ing period. However, 1 (14.3%), was lower than the
target due to incomplete documentation of the date of
release of laboratory result.
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Rapid vaccine coverage assessment

The yellow fever rapid vaccination coverage assessment
was carried out in the first four LGAs that reported yel-
low fever cases. Two hundred and forty-one (241) chil-
dren were assessed, targeting children aged 1 - 10 years
[in Uhunmwode -178 (73.9%), Esan West - 47 (19.5%),
Esan Central - 13 (5.4%), Ovia North-East - 3 (1.2%)].
Males accounted for 51.9% and females, 48.1%. Immu-
nisation cards were available in 44.6% respondents and
were completely filled in 33.7% of respondents. History of
yellow fever vaccination was reported among 94 (39.0%).
Yellow fever vaccination status among children that pro-
duced immunisation cards in all four affected LGAs was
81 (33.7%). When compared with other RI antigens, yel-
low fever vaccination had the lowest number of children
vaccinated.

Verbal autopsy

There were cases of deaths recorded from the communi-
ties in affected LGAs associated with yellow fever based
on the case definition. Four deaths were recorded from
two LGAs that were not captured by the state surveil-
lance team; Uhunmwode (2), Ovia North-East (2) in
which two were male and two females. All four cases pre-
sented with fever and jaundice before death.

Summary of risk assessment

Table 5 presents the outcome of the risk assessment of
yellow fever transmission conducted in Edo State during
the outbreak response. Overall, the risk of yellow fever
spread in the state was high (71.4%) based on the assess-
ment criteria.

Entomology survey

A total of 355 larval containers were inspected from
170 houses in 7 different settlements in the four LGAs
in Edo state. Of these, 36.5% of the houses were positive
for Aedes larvae while 28.5% of water retaining contain-
ers were positive for various immature stages of Aedes
species. The immature stages of Aedes mosquitoes were
collected mainly in abandoned domestic water contain-
ers and in leaf axils of banana plantation in all the LGAs
sampled. Presence of vectors of yellow fever (Ae.aegypti,
Ae.albopictus and Ae.simpsoni) were established in all
LGAs sampled. High larval index was observed as shown
by House and Breteau index. See Table 6.

Reactive mass vaccination campaign

Following the ICG request and approval on the Decem-
ber 12, 2018, reactive vaccination campaign was imple-
mented in 13 (72.2%) of the 18 LGAs on December 18,



Nwachukwu William et al. BMC Public Health (2022) 22:1644

2019. These LGAs had confirmed yellow fever case(s) or
contiguous with a LGA that had confirmed case. A total
of 1,734,423 persons were vaccinated during the cam-
paign in the 13 LGAs that implemented the yellow fever
RMVC. Ten (76.9%) LGAs had administrative coverage
above 95% benchmark needed to achieve herd immunity
for yellow fever infection. See Fig. 6.

Discussion

The Edo State YF outbreak is the most severe outbreak
since the re-emergence of YF in Nigeria in 2017, defined
in terms of number of cases, geographic spread, and
mortality. The burden of the disease was higher than ini-
tially reported and the risk of transmission in the state
was high as shown in the rapid risk assessment. In 2017,
Kwara State had a similar occurrence of a YF outbreak (7,
20]. The transmission could be described to be of sylvatic
origin because of the presence of forests and non-human
primates (NHPs) which later spread to semi-urban and
urban areas. We have observed that majority of yellow
fever outbreaks in Nigeria could be of sylvatic transmis-
sion as observed in Kwara, Kogi and Zamfara and other
affected states. However, the Edo State yellow fever out-
break transited from sylvatic to urban transmission.
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An important consideration which influences the tran-
sition cycle from sylvatic to urban is internal migration.
The most affected areas in Edo State are rural and peri-
urban areas with distances between 40km to 90km to
urban areas of Benin City, with substantial daily traffic.
WHO has observed that with increased virus circulation
and intense population migration from infected forest
areas to urban settings, many large cities were burdened
by yellow fever epidemics in West African countries and
simultaneously, many smaller cities are still exposed
to the disease [21]. This serves as a critical indicator to
intensify efforts in controlling outbreaks in rural areas, to
avoid wider urban yellow fever transmission which has
more devastating effects.

There was a delay in reporting the outbreak due to poor
index of suspicion of yellow fever among clinicians. Edo
State is one of the states with the highest burden of Lassa
fever in Nigeria [11]. This may have contributed to the
delay in diagnosis as most of the initial YF cases had simi-
lar presentations with Lassa fever which has higher index
of suspicion among clinicians in the state. Similar presen-
tations were seen in Kwara [7] and Kogi yellow fever out-
breaks. Again, with high burden of both Lassa fever and
yellow fever in the state, the concept of co-circulation of
multiple viral haemorrhagic fever (VHF) diseases needs

Edo State 2018 Yellow Fever Reactive Vaccination Campaign Coverage
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Table 3 Presenting symptoms of confirmed cases of yellow
fever in Edo State September 2018 - January 2019

Presenting symptoms among confirmed  Number of confirmed

cases cases [(n =67), Percent
(%)
Fever 40 (59.7)
Weakness 27 (40.3)
Jaundice 24 (35.8)
Bleeding 20 (29.9)
Vomiting 19 (28.4)
Head & Dizziness 15(22.4)
Abdominal pain 13 (19.4)
Dehydration 12(17.9)
Unconscious 9(134)
Restlessness 9(134)
Irrational talking 9(134)
Poor appetite 5(7.5)
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further investigation [22]. This necessitates the need for
training of health care providers on the epidemiology and
surveillance of yellow fever at all levels of health care sys-
tem to improve early detection and underscores the need
for the introduction of multi-pathogen kits for the diag-
nosis of VHFs [23].

From our study, the male gender is more in number
than the female and the predominant age group affected
is 11 — 30years. The gender and age groups implicated
are the most productive and adventurous set in the popu-
lation. They are more involved in out-door activities and
occupations. Control programmes should target this
population group.

Table 3 presented most of the symptoms observed
among confirmed cases of yellow fever during this out-
break. In line with Simon, Hashmi and Torp observation,
in their documentation on complications of YF, identified

Table 4 Summary of yellow fever performance indicators for surveillance in Edo State from September 2018-January 2019

Yellow fever performance indicators for surveillance Maximum Target (%) Performance
Percentage of LGA reporting (Total number of LGAs in Edo =18 LGAs) 18 >80 16 (88.9)
Percentage of LGAs that collected blood samples from at least one suspected case of yellow fever peryear: 18 >80 16 (88.9
target >80% (n=16)

Percentage of all suspect cases for which specimens were collected: target >50%. (N =209) 209 >50 189 (90.4)
Percentage of cases investigated within 48 hours of notification: target >80% (n=189) 189 >80 167 (884)
Percentage of samples sent to the laboratory within three days of investigation: target >80% (n = 189) 189 >80 154 (81.5)
Percentage of samples reaching laboratory in adequate/good condition: target >80% (n=189) 189 >80 157 (83.1)
For IgM test: laboratory results reported < seven days after receipt of blood specimen: target >80% (n=189) 189 >80 82 (434)
Table 5 Rapid yellow fever risk assessment analysis for Edo State September 2018-January 2019

Description Risk Response Score
Any suspected case(s)? Yes Yes 1

Any presumptive positive case(s)? Yes Yes 1

Any IP Dakar confirmed case(s)? Yes Yes 1
Sharing international borders? Yes No 0
Presence of International Airports in the state? Yes No 0
Sharing border with state(s) that have reported outbreak yellow fever? Yes Yes 1
Presence of any center/office for adult YF vaccination in the state? No Yes 0

#Any known forest in the state/presence of NHP? Yes Yes 1

City greater than 250,000 population in the state? Yes Yes 1

Any security compromised area in the state? Yes No 0

RRT Rapid YF vaccination coverage < 80%? Yes Yes 1

Any YF Campaign (PMVC or RVC) in the state (partial or total)? No No 1
Collected any species of Aedes mosquitoes? Yes Yes 1

Any case recoded from verbal autopsy? Yes Yes 1

Total 14 10 (71.4%)

a
NHP Non-human primates: The community members confirmed presence of NHP in Ehor Ward in Uhunmwode LGA
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Table 6 Determination of larval indices in entomological survey
in Edo State September 2018-January 2019

Location LGA House Container Breteau Index
index index (%)
(%)

Ehor Uhunmwode 10.0 33 10

lgieduma Uhunmwode 533 38.1 106

Oke Uhunmwode 333 15.0 10

Irue Uhunmwode 26.7 203 50

Irruah (ISTH)  Esan central 50.0 35.7 75

Emaudo Esan West 45.0 68.9 115

Ozogwo Ovia North/East  60.0 75.0 120

High larval Index=House Index >5% and/or Breteau Index >20
Low larval Index =House Index < 5% and/or Breteau Index < 20

multiorgan failure, acute respiratory distress syndrome
(ARDS), sepsis, respiratory failure, myocarditis, encepha-
litis, heamorrhage, disseminated intravascular coagula-
tion (DIC) [24]. Most of our confirmed cases registered
some of these complications.

Case-based surveillance is an important strategy in the
control of YFE. It helps to identify high risk areas for pre-
ventive mass vaccination campaigns, promptly detects
outbreaks for emergency vaccination response required
by the IHR and must be reported to the WHO within
24 hours [25, 26]. There are targets set to monitor the
efficiency and effectiveness of the yellow fever surveil-
lance system. In this study, most of the surveillance per-
formance monitoring indicators surpassed the target
when compared with the Kwara State yellow fever out-
break [7]. Upon confirmation of yellow fever, a RRT was
deployed to support the state with the response. There
was intensive active case search, quick blood sample
collection from active cases, improved communication,
sample shipment and testing in the laboratories. Both
national and state multi-agency public health Emergency
Operation Centres (EOCs) were activated to effectively
coordinate the responses. All these timely responses con-
tributed to improve surveillance performance indicators
for the outbreak.

The yellow fever vector which transmits the virus is the
Aedes mosquito. They are diurnal (active during the day),
bite both humans and animals alike, with early mornings
and evenings marking their peak biting periods. Aedes
species normally breed in transient water collections.
These include collections in tree cavities, leaf axils, bam-
boo stumps, rock pools and artificial containers (includ-
ing tin cans, coconut shells, domestic water storage
containers, discarded vehicle tyres, broken earthen and
ceramic wares). These breeding habitats were common in
locations affected by yellow fever in Edo State and most
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of the larvae samples drawn from them were positive for
different developmental stages of the Aedes mosquito,
facilitating disease transmission.

Most of the Ovitraps set in some locations were posi-
tive for Aedes eggs. This is particularly significant and
indicates high risk of transmission because infected
Aedes mosquitoes are capable of spreading the yellow
fever virus via transovarial transmission to the offspring
[27] The risk of transmission is heightened by the fact
that their eggs can remain viable for a maximum of 8
months [28].

The immature stages of Aedes mosquitoes were col-
lected mainly in abandoned domestic water containers
and in leaf axils of banana plantation in all the commu-
nities sampled. The findings from larval survey in all the
locations where immature stages were collected revealed
the presence of Aedes albopictus and Aedes aegypti which
are both peri-domestic and domestic breeders and Aedes
simpsoni a peri domestic breeder, commonly breeding
in leaf axils around homes [29]. They are also known to
be competent vectors for yellow fever virus [30]. The
survey was conducted during dry season in which case
most domestic and peri-domestic containers were with-
out water, precipitating leaf axils to be the most common
breeding sites. This is not unexpected as it is common
for community members to surround their homes with
banana plantations, the leaf axils of which contains water.
The presence of canopy breeders whose active period
is late at night was not established because of security
reasons.

In our study, high larval index was observed with
House Index >5% and/or Breteau Index >20 in all loca-
tions except in Ehor where the house index was low. This
is a clear indication that all the communities are at high
risk of yellow fever outbreak. The presence of yellow
fever virus and competent vectors in the communities
is a source of concern in Nigeria due to low vaccination
coverage in the state; the proximity of a yellow fever cases
to Benin City (an urban area in the state) and the poten-
tial spread to new LGAs and contiguous states in which
case, all unimmunized individuals may be at high risk.
We therefore advocate for enhanced YF vector surveil-
lance and control.

The yellow fever rapid vaccination coverage was low in
the LGAs visited and majority of the cases had zero dose
vaccination status. This may account for the high num-
ber of cases with increased mortality due to low herd
immunity for yellow fever in the state. Unlike the Kwara
State outbreak that affected the nomadic population with
known history of poor immunisation uptake [7], Edo
State outbreak started among the indigenous popula-
tion. Our findings revealed poor card retention for rou-
tine immunisation where only 81 (33.7%) of those with
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history of yellow fever vaccination could produce yellow
fever vaccination cards. The implication of this is a gap
in the routine immunisation services which needs to be
strengthened. The poor yellow fever vaccination card
retention among care-givers could account for the low
vaccine coverage assessment observed.

The importance of effective leadership and commu-
nication during health emergencies was evident in this
response. On notification of the outbreak to NCDC, there
were timely coordinated response activities through the
activation of Level Two Incident Management System
(IMS) at both the national and state levels. Through the
IMS, deployment of RRT, resource mobilisation and part-
ners’ support were all intensified. Yellow fever blood sam-
ple management and transport were efficient and timely;
request for yellow fever vaccines through the International
Coordinating Group for vaccine provision (ICG) was suc-
cessful with a swift approval coordinated by the National
Primary Healthcare Development Agency (NPHCDA).
Upon approval of the ICG request, available doses of yellow
fever vaccines from other states that recently implemented
YF preventive mass vaccination campaign were mopped-
up before release and shipment of the ICG approved yellow
fever vaccines to Nigeria. Consequently, the reactive mass
vaccination campaign in the thirteen most affected/contig-
uous LGAs was implemented. And we recommended the
provision of additional vaccines to support the implemen-
tation of YF vaccination campaign in the remaining 5 LGAs
in accordance with the EYE Strategy [31, 32].

Limitations of the study
Poor and incomplete documentation at heath facilities
made active case search and line-list inclusion of some sus-
pected cases cumbersome leading to exclusion of some sus-
pected cases. In addition, some suspected cases may have
been omitted from the line-list because of lack of collection
of blood samples during active case search. The uncertainty
of the level of security hindered some of the activities of the
entomology team. For example, no sampling targeting the
canopy breeders was done. This was because the peak activ-
ity of the canopy breeders is between 6:30pm and 7:30 pm
which was considered unsafe and hence the presence of
canopy breeders could not be established.

The team could not complete the needed number of
children per settlement in Ovia North-East because of
other exigencies associated with the outbreak.

Conclusions

Edo State had the highest burden of yellow fever cases
in Nigeria since the 2017 when Nigeria recorded the
first confirmed case of yellow fever after 21 years. More
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males were affected among the confirmed. Major symp-
toms include fever, jaundice, weakness, and bleeding.
Majority of surveillance performance indicators were
above WHO set target. There is a high risk of trans-
mission of the disease in the state. Low yellow fever
vaccination coverage, and presence of yellow fever
vectors (Ae.aegypti, Ae.albopictus and Ae.simpsoni)
were responsible for cases in affected communities.
Enhanced surveillance, improved laboratory sample
management, reactive mass vaccination campaign,
improved yellow fever case management and increased
risk communication/awareness were very important
mitigation strategies to be sustained in Edo state to
prevent further spread and mortality from yellow fever.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-14043-6.

Additional file 1: Supplementary Fig. 1. Suspected Yellow fever cases

in Edo State by LGAs September 2018 — January 2019. Supplementary
Fig. 2. Yellow fever attack rate by LGA in Edo State September 2018 -
January 2019. Supplementary Fig. 3. Age-sex distribution of Yellow Fever
cases in Edo State September 2018 - January 2019.

Acknowledgements

We would like to express our appreciation to the leadership of Nigeria Centre

for Disease Control, (NCDC), the National Arbovirus and Vector Research Centre
(NAVRC), Nigeria Field Epidemiology and Laboratory Training Programme (NFELTP),
National Primary Healthcare Development Agency, (NPHCDA) and World Health
Organization (WHO) for providing technical, financial mobilisation, and logistic sup-
port during the outbreak investigation period and for the opportunity to serve.

We acknowledge the Government of Edo State especially, the Deputy Gover-
nor of Edo State Philip Shaibu, Edo State Ministry of Health (SMOH) Team, and
Honourable Commissioner of Health, the Local Government Health Teams of
Uhunmwode, Esan West, Esan Central, Owan East and Ovia North-East LGAs
and WHO Edo State Office.

Authors’ contributions

All the authors contributed immensely to the response activities, develop-
ment of this paper data analysis and finalisation. 1. Leadership in the outbreak
response activities: Cl, NWE, DN, IWO, NM, J Oladejo, JAO, El, CLO. 2. Manuscript
development (Concept development of first draft): NWE, CMO, Cl. 3. Data col-
lection: NWE, CMO, J Oladejo, KA, ITA, FD, CA, SOE, BID, CO, BA, GAF, OE, IOW,
Fl, AA. 4. Data Analysis: NWE, KA, ITA, FB, MC, OI, MS, 10, OJ. 5. Development

of first Draft: NWE, CMO, Cl. 6. Review of first Draft: All authors. 7. Effecting
corrections from the comments: NWE. 8. Final review: NWE, CLO, EI, NM, CI. All
authors have read the paper and approved its publication.

Funding
No funding/grant was provided for the conduct of this study and develop-
ment of this paper.

Availability of data and materials

All data sets analysed and included in this paper were based on experience(s)
from the field during the outbreak response. In addition, the datasets used and
analysed are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study described in this paper was carried out as part of the yellow fever
outbreak investigation and response activities. All data used in this paper were


https://doi.org/10.1186/s12889-022-14043-6
https://doi.org/10.1186/s12889-022-14043-6

Nwachukwu William et al. BMC Public Health (2022) 22:1644

based on the data collected from the field during the yellow fever outbreak
investigation and response activities in Edo State.

It has been reviewed and approved by both the ethics committees of Edo
State Ministry of Health, and the Nigeria Centre for Disease Control. Other
government agencies and Partners involved in the investigation and response
reviewed the manuscript and agreed.

Written informed consent was obtained from all cases and from a parent and/
or legal guardian for cases which were under 18 years.

Confidentiality was strictly maintained throughout the study period.
Community heads' consent were received before commencing entomological
and other surveillance activities in their communities.

All methods were carried out in accordance with relevant guidelines and
regulations.

Consent for publication
Not Applicable.

Competing interests
The authors have declared no competing interests.

Author details

"Nigeria Centre for Disease Control, Plot 800 Ebitu Ukiwe Street Jabi, Abuja,
Nigeria. “National Arbovirus and Vector Research Centre, Abuja, Enugu State
Nigeria, Nigeria. >Nigeria Field Epidemiology and Laboratory Training Pro-
gramme, Abuja, Nigeria. *National Primary Healthcare Development Agency,
Abuja, Nigeria. >Ministry of Health, Benin City, Edo State, Nigeria. ®World Health
Organization, Nigeria Office, Abuja, Nigeria. ’University of Maryland Baltimore,
Nigeria Country Office, Abuja, Nigeria.

Received: 28 March 2021 Accepted: 18 July 2022
Published online: 30 August 2022

References

1. Guidelines TT, Guidelines GT, Region A, Prevention AD. Technical Guidelines
for integrated disease surveillance and response in Nigeria; 2013.

2. Barrett ADT, Higgs S. Yellow fever: a disease that has yet to be conquered.
Annu Rev Entomol. 2006;52(1):209-29.

3. Centers for disease control and Prevention. Transmission of yellow fever
virus. Centers for Disease Control and Prevention. 2019 https://www.cdc.
gov/yellowfever/transmission/index.html

4. Centers for disease control and Prevention. Transmission of yellow fever.
Centers for Disease Control and Prevention 2015.

5. Mutebi J-P, Barrett ADT. The epidemiology of yellow fever in Africa. Microbes
Infect. 2002;4(14):1459-68.

6. World Health Organization. A global strategy to Eliminate Yellow fever
Epidemics 2017-2026. https://apps.who.int/iris/bitstream/handle/10665/
272408/9789241513661-eng.pdf?ua=1. Accessed 5 Oct 2019.

7. Nwachukwu WE, Yusuff H, Nwangwu U, Okon A, Ogunniyi A, Imuetinyan-
Clement J, et al. The response to re-emergence of yellow fever in Nigeria,
2017.Int J Infect Dis. 2020;92:189-96.

8. The them Nigeria Centre for Disease Control. Yellow Fever Situation Report
in Nigeria Serial Number: 05 Epi-Week: 07 2019. https://ncdc.gov.ng/disea
ses/sitreps/?cat=10&name=An%20update%200f%20Yellow%20Fever%
20outbreak%20in%20Nigeria. Accessed 5 Oct 2020.

9. Nigeria Centre for Disease Control. Yellow Fever Monthly Situation Report in
Nigeria Serial Number: 09 Epi-Weeks: 14 - 18 April, 2019. https://ncdc.gov.
ng/diseases/sitreps/?cat=10&name=An%20update%200f%20Yellow%
20Fever%20outbreak%20in%20Nigeria. Accessed 5 Oct 2019.

10.  Amina L. Muhammed Abdul-One. National Primary Health Care devel-
opment agency: Yellow fever vaccination report 2021 (Unpublished
Document).

11. Okoro OA, et al. Descriptive epidemiology of Lassa fever in Nigeria, 2012-
2017. Pan Afrn Med J. 2020;37:15. https://doi.org/10.11604/pamj.2020.37.15.
21160 https.//www.panafrican-med-journal.com/content/article/37/15/full.
(Accessed 10 Jan 2021).

12. Ajogbasile FV, Oguzie JU, Oluniyi PE, Eromon PE, Uwanibe JN, Mehta SB,
et al. Real-time metagenomic analysis of undiagnosed fever cases unveils a
yellow fever outbreak in Edo state, Nigeria. Sci Rep. 2020;10(1):3180.

Page 13 of 13

13. Nigeria Centre for Disease Control. An update of yellow Fever outbreak in
Nigeria for Week 52 2018. https.//ncdc.gov.ng/diseases/sitreps/?cat=10&
name=An%20update%200f%20Yellow%20Fever%20outbreak%20in%
20Nigeria. Accessed 17 Apr 2019.

14. Federal Ministry of Health. Integrated disease surveillance and response
technical Guidelines. 2nd 2013; 413-416.

15. Nigeria Centre for Disease Control. National Guidelines for Yellow Fever
Preparedness and Response 2019 - Nigeria Centre for Disease Control.
https://ncdc.gov.ng/themes/common/docs/protocols/118_1581155661.
pdf. Accessed 15 Apr 2022.

16. Nigeria Centre for Disease Control. Yellow Fever Field Investigation Guide.
Yellow Fever Technical Working Group; Nigeria Centre for Disease Control
(Unpublished Document).

17. World Health Organization. Yellow fever Rapid field entomological assess-
ment during yellow fever outbreaks in Africa. Handbook Methodological
field approaches for scientists with a basic background in entomology;
2014.p.11-24.

18. Nigeria Centre for Disease Control. National guidelines for yellow fever
preparedness and response, vol. 27. 1st ed; 2019. p. 83.

19. Hoel DF, Kline DL, Allan SA. Evaluation of six mosquito traps for collection of
Aedes albopictus and associated mosquito species in a suburban setting in
north central. J Am Mosg Control Assoc. 2009;25(1):47-57.

20. Technical handbook for dengue surveillance, dengue outbreak prediction/
detection and Outbreak response (‘model contingency plan”). https://apps.
who.int/iris/bitstream/handle/10665/250240/9789241549738-eng.pdf.
Accessed 5 Oct 2019.

21. Nigeria Centre for Disease Control. Weekly Epidemiological Report. Epi
week 36.2017. https://ncdc.gov.ng/reports/84/2017-september-week-36.
Accessed Apr 2019.

22. World Health Organization. Yellow fever — Nigeria. WHO, Emergencies
preparedness, response. 2017. https://www.who.int/csr/don/22-december-
2017-yellow-fever-nigeria/en/. Accessed 17 Apr 2019.

23. World Health Organization. Increased risk of urban yellow fever outbreaks
in Africa. https://www.who.int/csr/disease/yellowfev/urbanoutbreaks/en/.
Accessed 5 Oct 2019.

24, Simon LV, Hashmi MF, Torp KD. Yellow fever. In: StatPearls. Treasure Island
(FL): StatPearls Publishing; 2022. https://www.ncbi.nlm.nih.gov/books/
NBK470425/. Accessed 15 Apr 2022.

25. Chen ZH, Qin XC, Song R, ShenY, Chen XP, Wang W, et al. Co-Circulation of
Multiple Hemorrhagic Fever Diseases with Distinct Clinical Characteristics in
Dandong, China. PLoS One. 2014,9(2):e89896.

26. Racsa LD, Kraft CS, Olinger GG, Hensley LE. Viral heamorrhagic fever diagnos-
tics. Clin Infect Dis. 2016;62(2):214-9.

27. World Health Organization. Vaccines and Biologicals. WHO-recommended
standards for surveillance of selected vaccine-preventable diseases. 2018.
https://www.who.int/publications/i/item/surveillance-standards-for-vacci
ne-preventable-diseases-2nd-edition. Accessed 2 Feb 2020.

28. Beaty BJ, Tesh RB, Aitken THG. Transovarial transmission of yellow fever virus
in Stegomyia mosquitoes. Am J of Trop Med and Hyg. 1980;29(1):125-32.

29. Soares-Pinheiro VC, Dasso-Pinheiro W, Trindade-Bezerra JM, Tadei WP. Eggs
viability of Aedes aegypti Linnaeus (Diptera, Culicidae) under different envi-
ronmental and storage conditions in Manaus, Amazonas, Brazil. Braz J Biol.
2017;77(2):396-401.

30. Chukwuekezie OC, Nwankwo AC, Nwosu EO, Dogunro FA, Nwangwu UC,
Onwude CO, et al. Diversity and distribution of Aedes mosquitoes in Nigeria.
Science Journal. 2018;11(2):50-7.

31. World Health Organization. https://www.who.int/health-topics/yellow-
fever#ttab=tab_1. Accessed 15 Feb 2020.

32. WHO|[The Global Strategy to Eliminate Yellow Fever Epidemics (EYE) 2017
—2026.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.cdc.gov/yellowfever/transmission/index.html
https://www.cdc.gov/yellowfever/transmission/index.html
https://apps.who.int/iris/bitstream/handle/10665/272408/9789241513661-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272408/9789241513661-eng.pdf?ua=1
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://doi.org/10.11604/pamj.2020.37.15.21160
https://doi.org/10.11604/pamj.2020.37.15.21160
https://www.panafrican-med-journal.com/content/article/37/15/full
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/diseases/sitreps/?cat=10&name=An%20update%20of%20Yellow%20Fever%20outbreak%20in%20Nigeria
https://ncdc.gov.ng/themes/common/docs/protocols/118_1581155661.pdf
https://ncdc.gov.ng/themes/common/docs/protocols/118_1581155661.pdf
https://apps.who.int/iris/bitstream/handle/10665/250240/9789241549738-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/250240/9789241549738-eng.pdf
https://ncdc.gov.ng/reports/84/2017-september-week-36
https://www.who.int/csr/don/22-december-2017-yellow-fever-nigeria/en/
https://www.who.int/csr/don/22-december-2017-yellow-fever-nigeria/en/
https://www.who.int/csr/disease/yellowfev/urbanoutbreaks/en/
https://www.ncbi.nlm.nih.gov/books/NBK470425/
https://www.ncbi.nlm.nih.gov/books/NBK470425/
https://www.who.int/publications/i/item/surveillance-standards-for-vaccine-preventable-diseases-2nd-edition
https://www.who.int/publications/i/item/surveillance-standards-for-vaccine-preventable-diseases-2nd-edition
https://www.who.int/health-topics/yellow-fever#tab=tab_1
https://www.who.int/health-topics/yellow-fever#tab=tab_1

	Epidemiological description of and response to a large yellow fever outbreak in Edo state Nigeria, September 2018 - January 2019
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study area study design
	Operational case definition

	Results
	Demographic characteristics of study participants
	Rapid vaccine coverage assessment
	Verbal autopsy
	Summary of risk assessment
	Entomology survey
	Reactive mass vaccination campaign

	Discussion
	Limitations of the study

	Conclusions
	Acknowledgements
	References


