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ABSTRACT

Introduction: Measles, a highly infectious disease caused by the Measles virus, is endemic in
Nigeria. Although children are vaccinated against measles at the age of nine months which has
led to a significant reduction in morbidity and mortality, Nigeria still ranks among the top
countries with endemic and uninterrupted transmission of measles infection yearly in Sub-
Saharan Africa. This study was carried out to confirm the existence of a measles outbreak,
characterize the outbreak in place, person, and time and identify factors associated with the
outbreak in Lambu Internally-Displaced Persons' (IDP) camp, Maiduguri, Nigeria.
Methods: An unmatched case-control study was conducted among children living in Lambu
internally displaced persons (IDP) camp. A suspected case was any person with fever and
generalized maculopapular rash and cough, coryza, or conjunctivitis in Lambu IDP camp
between February 13 to March 7, 2017. A pre-tested interviewer-administered structured
questionnaire was used to gather information on demographic characteristics, socio-economic
status, educational status, and potential associated factors. Specimens from five cases were
collected and sent to a laboratory for confirmatory diagnosis. An active case search in health
facilities close to the Camp was performed. The epidemic curve was drawn, and the odds ratio
was calculated at a 95% confidence interval using Epi Info version 7.2. Results: The first case
was a 12-month-old girl who presented with fever, nasal discharge, conjunctivitis and generalized
rashes. A total of 28 cases were identified. The outbreak lasted for 3 weeks between February 13,
2017, and March 7, 2017, with 3 deaths. The median age of cases was 48 (IQR: 24-60) months.
Eighteen cases (18/28=64.3%) were 12-59 months old, while six (6/28=21%) were aged 5 to 9
years. Two of the 3 (66.7%) deaths were reported in under-five children. Three out of the five
samples collected for laboratory analysis were positive for Measles virus. Measles vaccination
coverage was low. Only 3 of the 28 cases (10.7%) and 4 of the 48 controls (8.5%) had received
measles vaccine before the outbreak. Eligible children were offered reactive measles vaccination
during the outbreak. Residing close (<5km) to a health facility was associated with lower odds
(@aOR=0.083, 95%CI: 0.008-0.460) of developing measles and so was a prior visit to a health
facility for a previous illness episode (aOR=0.127, 95%CI: 0.003-0.976). Conclusion: There was
an outbreak of measles among children in Lambu IDP camp and the instituted control measures
included reactive vaccination. The infection was introduced to the IDP camp by children with
low or zero immunization coverage from hard-to-reach settlements. Community sensitization on
measles and immunization was done.
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Introduction

Globally, measles infects 20 million people and is
responsible for over 410,000 mortalities annually, though
mainly among children less than 5 years. This is indeed a
great achievement for a disease that was earlier
responsible for over two million global annual deaths. The
introduction of measles vaccination, one of the most cost-
effective health interventions ever produced has caused a
significant reduction of this [1,2]. About 17.1 million
deaths were prevented by measles vaccinations
administered between 2000 and 2014 [3]. However,
measles continues to cause high morbidity and mortality
among children worldwide, despite the availability of a
safe, effective, and low-cost vaccine. It costs less than one
US dollar to vaccinate a child against measles. The disease
has been referred to as the most recurrent cause of vaccine-
preventable childhood death, worldwide [4, 5].

Measles is a human disease and is not known to occur in
animals nor is there any known environmental reservoir
of the infection. The disease is characterized by a
prodrome of fever (as high as 40.5°C/105°F), malaise,
cough, coryza, and conjunctivitis (the three “Cs”),
pathognomonic enanthema (Koplik spots) followed by a
maculopapular rash. The rash usually appears about 14
days after a person is exposed; however, the incubation
period ranges from 7 to 21 days. The rash spreads from
the head to the trunk and then, to the lower extremities.
Patients are considered to be contagious from 4 days
before to 4 days after the rash appears [6].

Borno State in northeast Nigeria has experienced repeated
measles outbreaks. From February to May 2023, more
than 50 children died as a result of measles epidemics
caused by an inflow of unvaccinated children from
difficult-to-reach and  extremely difficult-to-reach
communities in northeast Nigeria. Borno State was the
most affected, with over 5,000 suspected cases by the end
of May 2023, with Jere LGA and Maiduguri
Metropolitan Council having 1,644 and 1,627 cases,
respectively. Yobe State had 917 suspected cases of
measles, with 9 fatalities from measles-related
complications, while Adamawa State had 66 suspected
cases of measles. [7].

Risk factors for contracting measles include not being
vaccinated against the disease, overcrowding in a
household, lack of compliance with routine immunization
schedule, and acquired or inherited immunodeficiency
state [8, 9]. The case fatality rates (CFR) of measles in
Africa generally range from 3% to 5% but can be as high
as 30% during severe outbreaks [10].

We report on a 2017 measles outbreak investigation in
Lambu internally displaced persons (IDP) camp. On 3
March 2017, the disease response team received an alert
from the Borno State Epidemiologist, about an outbreak

of Measles in Lambu IDP camp in Jere LGA of Borno
State. Subsequently, the team visited the Local
Government Area (LGA) headquarters to mobilize the
LGA team and also visited the affected camp. We
investigated to confirm this outbreak, characterize it in
person, place and time, identify associated factors for this
outbreak and provide technical support to control the
outbreak.

Methods

Study area

Borno State is situated in Northeastern Nigeria. It has 27
Local Government areas (LGA). It is bordered by 3
countries (Chad, Cameroon and Niger) and 3 Nigerian
States (Yobe, Adamawa and Gombe states). Jere local
government area is one of the two local government areas
that form Maiduguri town. Lambu IDP camp was a new
unofficial camp set up two months before the outbreak in
the old Maiduguri area of Jere LGA. The IDP housed
people mainly from Mafa and Marte.

The camp had about 800 people who were peasants and
largely indigent families from extremely rural areas who
were displaced following the insurgency that affected their
communities (Figure 1). The majority were women and
children, many of whom had features of malnutrition.
The camp was made up of make-shift overcrowded
shelters, most having a single opening as a door. Shallow
pits dug by the camp dwellers were the initial latrines. The
water supply was from an open well also dug by the camp
dwellers with multiple containers used to draw water. By
the time of this investigation, corporate bodies such as the
Norwegian Refugee Council had started providing
boreholes, and better temporary shelters, safer water
supply and housing respectively.

Study Design
An unmatched case-control study.
Study population

The study population was defined as children aged 6
months to 15 years living in Lambu IDP camp.

Case Definition

A suspected case was any person with fever and
generalized maculo-papular (non-vesicular) rash and
cough, coryza or conjunctivitis (red eyes) or any
individual in whom a clinician suspects measles in Lambu
IDP camp between February 13 to March 7, 2017 [11].

On the other hand, a confirmed case was a suspected case
with laboratory confirmation (positive IgM antibody) or
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epidemiological linkage to a confirmed case in an
outbreak in Lambu IDP camp between February 13 to
March 7, 2017.

We defined a control as any child without measles living
in Lambu IDP camp between February 13 to March 7,
2017.

Active Case Search

Active case search was done in the entire Lambu IDP
camp using the case definition above. A similar search
was done in Dalaram Primary Health Care (PHC), the
closest healthcare facility to Lambu camp. The PHC
registers were checked for patients who had a rash as
possible suspected measles cases managed there. This
facility search was done retrospectively for one month.
For each case, data on the age, sex, residence, socio-
economic status and time of onset were gathered using a
structured interviewer-administered questionnaire. The
incidence by age and sex was determined and an epidemic
curve was drawn.

Sample Size and Sampling Technique

The research utilized all 28 suspected cases identified in
the camp, sourced from the Immediate Case-based
Surveillance Reporting Form (IDSR 001C). Two
neighbourhood controls were randomly selected for every
case. A total of 56 controls were approached however only
48 consented and participated in the study.

Data collection

An interviewer-administered structured questionnaire
was used to collect information from the participants. The
line list form provided twenty-eight cases with the
following variables: ID number, Ward, settlement, Name,
Sex, Date of birth or age, Date of onset of rash, Number
of valid vaccine doses, Blood taken for laboratory
analysis, Results of laboratory analysis, Disease outcome
and comments.

We generated a hypothesis from the literature that a
measles outbreak in Lambu IDP camp could be due to
low immunization coverage. To test this hypothesis, we
carried out an unmatched case-control study at the IDP
camp. The study population was defined as children aged
6 months to 15 years living in Lambu IDP camp and
information regarding potential risk factors was gathered
through an interviewer-administered questionnaire.
Comparison between cases and controls for the different
potential associated factors was done using Epi Info
version 7.2 and Health Mapper version 4.3. The odds ratio
and corresponding 95% confidence intervals were
reported.
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Laboratory Investigations

Five measles-positive cases were randomly selected and
blood specimens were collected from them. The blood
samples were sent to the WHO Measles and Yellow Fever
Laboratory, Gombe State for testing using an enzyme-
linked immunosorbent assay technique to screen for
Measles IgM.

Ethical considerations

Since this was an outbreak situation, the Director, Public
Health Department, State Epidemiologist and other
officers in the State Ministry of Health approved the
outbreak investigation and response. Written informed
consent was obtained from all respondents and from their
guardians in case of minors.

Results

Descriptive studies

The index case was a 12-month-old girl who the parents
revealed had not been vaccinated against measles and had
immigrated from Kala town of Mafa LGA with her
parents and developed symptoms on, February 13, 2017.
At the time of investigation, the symptoms observed in the
index case included fever, nasal discharge, conjunctivitis
and generalized rashes. A total of 28 cases were recorded
between February 13, and March 8, 2017. The median age
was 48 months with an interquartile range (IQR:24-60). A
total of 3 deaths were recorded. Eighteen cases
(18/28=64.3%) were within 12-59 months of age and six
cases (6/28=21.4%) were within 5-9 years (Figure 2 ) and
the ratio of males to females cases was 1:1 (Table 1). Two
(2/3=66.7%) of the deaths were under 5 years of age,
specifically among the 12-59 months age group. The other
fatal case was within the 5-9 years age group. There were
no deaths among children aged 10 years and above (Table
1). Cases were recorded from 13 February 2017, and the
outbreak spanned for about 3 weeks (up to March 8,
2017), with multiple peaks during this period (Figure 3).
Notification for the outbreak was sent on March 2, 2017,
to the LGA. The first death case was recorded on March
2, 2017. Lege ward recorded the highest number of cases,
26; while Shamuri and Kaula wards had a single case
each.

Epidemiological characteristics and vaccination
coverage of the affected population

A total of 76 children participated in this study: 28 (36.8%)
cases and 48 (63.2%) controls. The caregivers, mostly
mothers were the respondents. Many of the responding
parents were married, with 92.9% (26/28) cases and
89.6% (43/48) controls. Most of the children were aged
12-59 months, with 64.3% (18/28) cases compared to
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52.1% (25/48) controls. There were 50.0% (14/28) male
cases and, 52.1% (25/48) male controls. The majority
ethnicity for cases was Kanuri (92.9%, 26/28) and for
controls it was Shuwa Arab (64.6%, 31/48). There were
only 3 Hausa participants, and all were controls (3/48,
6.3%). Before the outbreak, 3 of the 28 cases (10.7%) had
received Measles vaccination compared to 4 of the 48
controls (8.3%) (Table 2). Despite a response by the Borno
State Government, and partners, only 15 of the studied
cases and 17 of the controls received reactive vaccinations.
Three out of the five samples (60%) collected for
laboratory analysis were positive for Measles IgM.

Factors associated with the measles outbreak

There was no significant association between a child who
was immunized during the last supplementary
immunization activity (SIA) and the development of
measles (aOR=1.661, 95% CI: 0.207-11.862). Our study
findings also suggest a relationship between the number of
children living in a room and having measles infection but
it was not statistically significant, (aOR= 0.64, 95%CI:
0.20 - 2.06). Children who resided less than 5km away
from the nearest health facility were significantly less
likely to develop measles compared to those who resided
5-20km from the nearest health facility, (aOR=0.08, 95%
CI: 0.01-0.46). Having a prior illness that resulted in
visiting a healthcare facility was significantly protective
against measles (aOR=0.127, CI: 0.003 - 0.976, (Table
3)). Notably, 66.7% (32/48) of control mothers had
received Quranic education compared to only 3% among
the case mothers.

Discussion

Our investigation established a measles outbreak in the
Lambu IDP camp in Jere local government area of Borno
State. The inhabitants of the camp migrated from Mafa
local government area of the State.

The confirmation of an ongoing acute Measles infection
is supported by the fact that 60% of the samples submitted
to the laboratory were positive for Measles IgM. The two
samples that tested negative could have come from cases
whose onset of rashes started earlier than the other
positive cases with acute infections, given that all the
recruited cases fulfilled the conditions listed in the case
definition and previous research also indicates occurrence
of symptoms showed a positive association with the
serological results [12].

The epi curve of the outbreak indicates that there was no
herd immunity in the community though, the virus
appears to have encountered initial hindrances from
spread, perhaps before the index case came in contact with
another susceptible individual(s). The remaining part of
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the curve from March 2 exhibits a classic typical measles
epi curve, characterized by a rapid increase in the number
of cases followed by a gradual decline. The curve indicates
a sharp peak as the infection spreads rapidly through the
susceptible population corresponding to the measles
virus's highly contagious nature. Location of susceptible
individuals and contact with infected child in the
community per time results in localized outbreaks and
subsequent peaks as observed in the latter part of the epi
curve. Secondary transmission from initially infected
cases could also have been responsible for the additional
waves of cases, causing multiple peaks on the epi curve as
new chains of transmission were established. The low
peaks after the first sharp peak fell within the period of
intervention and implementation of control measures
such as isolation of cases and contact tracing by the state
and outbreak investigation team assisted by other relevant
stakeholders present at the IDP camp. This pattern is
similar to what was previously reported [13, 14].

The local health care facility near the IDP camp identified
the suspected cases of measles, from where the disease
was reported to the state health care authorities after
which the state Epidemiologist notified the national
healthcare authority on the same day. However, the epi
curve reveals that the disease had already been lingering
within the community for about two weeks (the index case
started showing symptoms on February 13 before it was
reported to the LGA health authority (March 2), which
triggered the reporting line and action. The peculiarities of
the outbreak location, being an IDP camp, and the study
population, characterized by over-crowding, low
prophylactic ~ vaccination = with  resultant low
immunization coverage, and limited resources, further
compounded the situation. These factors contributed to
the eventual spread of the disease within the community.

This study, therefore, highlights the presence of a
reporting channel, but emphasizes the lack of prompt
detection and reporting, as the state authorities did not
identify the outbreak until two weeks after it’s incursion
into the community as against the WHO
recommendation of prompt reporting of measles cases
within 24 hours of incursion. [15]

The majority of the affected children were less than five
years of age, while almost all affected children were less
than 10 years of age which is consistent with other
findings, including a recent report of the outbreak in
Sokoto and Bauchi States [16, 17,]. A number of other
studies agree that the highest prevalence of measles is
among the wunder-five year children, including
confirmation of measles children who were less than 9
months [18, 19].

Findings from the line list form suggested the outbreak in
Lambu IDP camp was a result of the children never being
vaccinated against Measles. The low vaccine coverage
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among the participants (9%) might be as a result of a
number of factors which may include vaccine hesitancy,
lack of access, misinformation, health care system

The rejection of reactive vaccination by some
caretakers/parents of affected children indicates a lack of
awareness among respondents. Additionally, the low
number of vaccinated children before the outbreak
highlights the necessity for more outreach sessions to
promote herd immunity among at-risk age groups.
Partners may also want to utilize these outreach activities
to enhance measles virus surveillance among the
population and similar groups.

Both sexes were uniformly affected in the outbreak. The
implication of this observation is significant for
understanding the epidemiology and transmission
dynamics of measles. It indicates that factors such as
biological sex or gender do not play a significant role in
determining susceptibility to the virus. This is similar to
another finding in Sokoto [16] and it underscores the
importance of inclusive and equitable healthcare policies
and interventions.

There is a significant burden of measles in Jere LGA, as
recently reported by the United Nations Office [7]. The
Lege ward, being a difficult-to-reach area within the LGA,
faces typical challenges associated with such terrains,
resulting in a negative impact on healthcare provision..
This accounts for the study’s finding showing that the
ward recorded the highest number of cases, while
Shamuri and Kaula wards had a single case each.
Research indicates that low immunization coverage in
hard-to-reach communities can lead to outbreaks, as seen
in Laos where delays in case notification and low vaccine
coverage contributed to a measles outbreak in a hard-to-
reach village [25]. Selective vaccination campaigns has
also been suggested for more effective control outbreaks
in hard-to-reach settings like this [26].

Our study suggests an association between the number of
individuals sharing a room and the likelihood of
developing measles during the outbreak, though it was not
statistically significant. This finding aligns with earlier
research, which consistently demonstrates a positive
correlation between overcrowding and measles infection.
Specifically, studies have shown that environments with
high population density, such as households where
multiple individuals share a single room, create optimal
conditions for the transmission of measles. This is because
measles is highly contagious, spreading through
respiratory droplets when an infected person coughs or
sneezes. In overcrowded settings, the close and prolonged
contact among individuals facilitates the rapid spread of
the virus. For example, a systematic review by Baker et al.
(2013) highlighted that household crowding significantly
increases the risk of measles transmission, particularly in
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settings where children are in close proximity to one
another [27].

This study identified a statistically significant protective
association which proximity to the nearest health facility
offers against measles infection. This finding is consistent
with other studies, [8, 9, 28]. Children living farther from
health facilities are less likely to receive timely
vaccinations, this is because when facilities are distant,
caregivers may face challenges in taking their children for
regular immunizations. Furthermore, in the event of a
measles outbreak, children living far from health facilities
may experience delays in receiving medical attention.
Prompt treatment can mitigate the severity of the disease
and reduce transmission rates. It should also be noted that
the further a caregiver lives from a health facility, the
greater the logistical challenges, such as transportation
costs and time. These barriers can discourage regular
health visits, leading to lower immunization rates and
higher susceptibility to measles during outbreaks. In its,
guidelines for universal health coverage, WHO
emphasizes that all individuals and communities should
have access to the full range of essential health services
without financial hardship and also encourages countries
to develop healthcare infrastructure that ensures no one is
left more than a one-hour travel distance from a health
facility [29]

Our study revealed that children who experienced a prior
illness and visited a healthcare facility were less likely to
have measles. These visits provide an opportunity for
health workers to improve the knowledge of the caregivers
about measles as healthcare providers often use the
opportunity to sensitize them on the prevention of various
vaccine-preventable diseases. A number of studies
demonstrate the importance of healthcare providers
sensitizing the caregivers on vaccine preventable diseases
when the latter visit the health facility and how recent
receipt of immunization messages was found to
significantly impact on measles infection [30, 31].

Our study findings may have been impacted by the
following limitation. There was widespread hesitancy
among households to disclose cases or participate in this
study, which may have affected the number of cases line-
listed and their representatives to all measles cases in the
study community, though our team consequently made
frantic efforts to sensitize the community on the benefits
of the study and wider response activities. There was no
fixed health post in the camp which made it difficult for
us to gather precise information on case management, we
instead visited the nearest primary health center as part of
the line listing and information-gathering efforts. Number
of valid vaccine doses received were not available at time
of this publication.
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Conclusion
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There was an outbreak of measles in Lambu IDP camp
predominantly affecting children below 5 years of age.
Sharing a room was not a significant contributing factor
to the outbreak, while immunization coverage was
notably low among participants. Prior contact with a
health facility due to a previous illness and living near a
health facility were protective factors. This study
highlights the need for strengthening disease surveillance,
improving community awareness, and ensuring high
vaccination coverage in IDP camps and similar settings.
By addressing these gaps, healthcare authorities can
enhance their ability to promptly detect and respond to
outbreaks, ultimately preventing the loss of lives and
mitigating the impact of such public health emergencies.
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influence the occurrence of these diseases
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Table 1: Cases and Deaths by age group and gender in the Measles outbreak in Lambu IDP camp, Jere LGA,

Borno State, 2017
Cases n=28

Characteristics Death (n=3)
Frequency Percentage

Age (Months)

0-11 3 10.7 0

12-59 18 64.3 2

60-119 6 21.4 1

>120 1 3.6 0

Gender

Male 14 50.0 1

Female 14 50.0 2
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Table 2: Socio-demographic characteristics of cases and controls in Lambu IDP camp Borno state, measles

outbreak, 2017

Characteristics Cases Control Total n=76 (%)
n=28 (%) n=48 (%)

Age group (Months)

0-11 3(10.71) 4(8.33) 7(9.21)

12 -59 18 (64.29) 25 (52.08) 43 (56.58)

60-119 6(21.43) 17 (35.42) 23 (30.26)

>120 1(3.57) 2(4.17) 3(3.95)

Gender

Male 14(50) 25(52.08) 39(51.32)

Female 14(50) 23(47.92) 37 (48.68)

Ethnicity

Shuwa Arab 2(7.14) 31(64.58) 33 (43.42)

Kanuri 26(92.86) 14(29.17) 40 (52.63)

Hausa 0 3(6.25) 3(3.95)

Marital status of parent

Married 26 (92.86) 43 (89.58) 69 (90.79)

Single 1(3.57) 1(2.08) 2(2.68)

Widowed 1(3.57) 4(8.33) 5(6.57)

Measles vaccine received before

outbreak

Received 3(10.71) 4(8.33) 7(9.20)

Not received 22 (78.58) 42 (87.50) 63 (82.90)

*Unknown 3(10.71) 2(4.17) 6 (7.90)

Maeasles vaccine received during

outbreak (Reactive vaccination)

Received 15 (53.60) 17 (35.41) 32 (42.11)

Not received 11 (39.30) 29 (60.42) 40 (52.63)

No response 2(7.10) 2(4.17) 4(5.26)

* No information provided by the respondent on the vaccination status of the child
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Table 3: Factors associated with measles infection among children aged 6 to 180 months in Lambu IDP

camp, Borno state, 2017

Factor Cases | Controls | Crude OR (95% P value Adjusted OR (95%
n=28 n=48 ClIs) ClIs)

Number of people sharing room

<=5 18 29 0.90 (0.32- 2.52) 0.8371 0.64 (0.20- 2.06)

>5 9 13 1 1

Distance to nearest Health Facility

<5KM 18 46 0.08 (0.01-0.43)* 0.0003 0.08 (0.01-0.46)

5-20KM 10 2

Prior medical condition

Yes 1 11 0.13(0.003-0.97)* 0.0266 0.13(0.003-0.98)

No 27 37

Immunization status (SIA)

Received 3 4 1.43 (0.19-9.26)* 0.6578 1.66 (0.21-11.86)

Not received 22 42

Number of valid vaccine doses received was not included in the table because of the unavailability of

the data at the time of the study.
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Outbreak location:
Lambu IDP Camp, Jere

100 km

Figure 1: Map of Borno State showing Measles outbreak location (inset map of Nigeria)
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Figure 2: Age distribution of Measles cases in Lambu IDP camp, Jere LGA, Borno
State, February-March, 2017
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Figure 3: Epi curve of Measles outbreak in Lambu IDP camp, Jere Local Government Area, Borno

State, February-March, 2017
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