
IJID Regions 10 (2024) 200–206 

Contents lists available at ScienceDirect 

IJID Regions 

journal homepage: www.elsevier.com/locate/ijregi 

Descriptive Analysis of Measles Outbreak in Liberia, 2022 

✩ 

Bode Shobayo 

1 , Chukwuma David Umeokonkwo 

2 , ∗ , Ralph Weah Jetoh 

1 , Julius S.M. Gilayeneh 

Sr 1 , Godwin Akpan 

2 , Maame Amo-Addae 

2 , Jane Macauley 

1 , Rachel T. Idowu 

3 

1 National Public Institute of Liberia, Monrovia, Liberia 
2 African Field Epidemiology Network, Monrovia, Liberia 
3 United States Centers for Disease Control and Prevention, Liberia Country Office, Monrovia, Liberia 

a r t i c l e i n f o 

Keywords: 

Measles-containing vaccine 

Outbreak 

Vaccination, Liberia 

a b s t r a c t 

Background: Liberia reported a large outbreak of measles involving all the counties in 2022. We conducted a 

descriptive analysis of the measles surveillance data to understand the trend of the outbreak and guide further 

policy action to prevent future outbreaks. 

Methods: We analyzed the measles surveillance data from Epi week 1 to 51, 2022. All the laboratory-confirmed 

cases, clinically compatible and epidemiologically linked cases were included in the analysis, the variables of 

interest included the patient’s age, sex, place of residence, measles classification, measles vaccination status, and 

outcome. We cleaned and analyzed the data using R version 4.2.0 and Arc GIS Pro. The demographic characteris- 

tics of the cases were presented, the progression of the cases was presented in Epicurve and the spatial distribution 

and the case fatality rate (CFR) of the case were presented at the district level using the Arc GIS Pro. 

Results: The median age of the cases was 4 years (interquartile range: 2-8 years). Children under five years of age 

constituted 60% of the cases (4836/8127), and females accounted for 52% (4204/8127) of the cases. Only 1% 

(84/8127) of the cases had documentary evidence of receiving at least one dose of measles-containing vaccine 

(MCV). Only 3 out of 92 health districts in the country did not report a case of measles during the period under 

review. The overall cases fatality rate was 1% however CFR of up to 10% were reported in some districts. 

Conclusion: The outbreak of measles involved almost all the districts of the country, exposing a possible na- 

tionwide suboptimal immunization coverage for MCV. The high CFR reported in some districts needs further 

investigation. 
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Measles is a highly contagious, epidemic-prone, vaccine-preventable

isease spread from person to person through respiratory droplets. The

easles virus is a spherical, non-segmented, enveloped, negative-sense

ingle-stranded RNA virus that belongs to the Morbillivirus genus within

he Paramyxovirus family [1] . The virus is exclusively found in humans

ith an incubation period of 7-21 days. The disease, which commonly

ffects children aged under 5 years, is often self-limiting manifesting as

ever, cough, coryza, and body rash. It can, however, sometimes result

n severe sequelae, including death, especially among malnourished and

mmunocompromised individuals [2] . 

Two doses of measles-containing vaccines (MCV) are recommended

or everyone, given at least 6 months apart (typically at age 9 and 15

onths) within the first 2 years of life for most low-resourced coun-

ries, including Liberia [ 3 , 4 ]. The vaccine is effective and confers life-

ong immunity against the infection. The measles vaccination program
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argets coverage of 95% of the eligible population to achieve herd im-

unity. This target has not been achieved in most low- and middle-

ncome countries, especially in Sub-Saharan Africa, including Liberia. A

ulti-country assessment of national immunization coverage and case

urveillance data throughout 15 West African countries revealed that

he first dose coverage for the first dose of MCV ranged from 45% in

001 to 66% in 2019. Only seven out of 15 countries have launched the

econd dose of MCV since 2015 [5] . These challenges were further com-

ounded by the impact of the COVID-19 pandemic on routine health

ervices, including vaccination. A report on the effect of the pandemic

n routine health services in Liberia documented a 47% decrease in rou-

ine immunization outreach events conducted in the first 6 months of

020 [6] . 

Routine immunization services by the health facilities are provided

s scheduled services at the facilities and as scheduled outreach com-

unity services. The Expanded Program on Immunization (EPI) and

artners also provide supplemental immunization activities like cam-
nuary 2024 
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aigns aimed at augmenting routine immunization activities. Liberia

ntroduced the first dose of measles vaccination into its national im-

unization schedule in 1978 and the second dose in 2019. Every child

n Liberia is expected to receive the first dose of MCV at 9 months

f age and the second dose at 15 months of life [ 3 , 4 ]. However, only

1%, 58%, and 79% of eligible children have received first dose of MCV

n 2020, 2021, and 2022, respectively, according to the World Health

rganization/United Nations Children’s Emergency Fund estimates of

ational immunization coverage [7] . This estimated coverage, which

aries widely at the sub-national levels [5] , is below what is required

o provide adequate herd immunity to prevent measles outbreaks. The

ast measles vaccination campaign targeting children under 60 months

f age in Liberia was conducted in 2015. 

Liberia reported an outbreak of measles in December 2021, which

nvolved all the counties, with an unusually high number of deaths re-

orted, especially in some counties. We conducted an epidemiological

haracterization of the outbreak, using the measles surveillance data

o understand the factors responsible for the outbreak and make policy

djustments to prevent future outbreaks. 

ethods 

tudy setting 

Liberia, with an estimated population of 5.3 million people, is di-

ided into 15 administrative sub-national units called counties [5] .

hese are further subdivided into 93 health districts. The health sys-

em is three-tiered and managed by different administrative arms of the

overnment. The routine immunization program in Liberia is managed

y the EPI unit of the Ministry of Health. The EPI unit is responsible

or the procurement, storage, and distribution of the vaccines in the

ational immunization schedule to the over 850 health facilities that

rovide immunization services across the 15 counties in the country. 

tudy design 

We conducted a descriptive analysis of the reported measles cases

aptured through the Integrated Disease Surveillance and Response

IDSR) system from Epi week 1 (January 1) to 51 (December 25) of

022. 

easles surveillance 

Measles surveillance in Liberia is managed by the National Public

ealth Institute of Liberia (NPHIL). The NPHIL uses the IDSR frame-

ork for monitoring and responding to the disease outbreak. Measles

ases are detected in communities and at health facilities and reported

mmediately through districts and counties to the national level. Data

re reviewed, and decisions are taken to quickly respond and limit the

pread of the disease. 

A suspected case of measles is defined as any person with fever and

aculopapular (non-vesicular) generalized rash and cough, coryza or

onjunctivitis, or any person in whom a clinician suspects measles. A

onfirmed case is a suspected case with laboratory confirmation (posi-

ive IgM antibody) or epidemiological link to confirmed cases in an out-

reak. If one confirmed case among five total suspected cases or three

ases are confirmed in a district within a month is observed, an outbreak

s declared, and all suspected cases are then line-listed at the health fa-

ility level, and data are shared with district, county, and national lev-

ls. A case is considered epidemiologically linked when a patient has

r had exposure to a probable or confirmed case, whereas a clinically

ompatible case is a clinical case of measles that has not been linked epi-

emiologically to a laboratory-confirmed or another epidemiologically

inked case of measles. 

During the outbreak, the Government of Liberia, with support from

artners, initiated a number of public health response actions, includ-
201
ng fast-tracking a joint action plan for a nationwide reactive measles

accination campaign, active case search and case line listing, isola-

ion and case management, intensified routine immunization across the

ountry, and enhanced risk communication and community engagement

hroughout the country with emphasis on affected communities and

ealth facilities. 

ata source and management 

The Division of Infectious Disease and Epidemiology of NPHIL pro-

ided an electronic version of the IDSR weekly epidemiological data. A

icrosoft Excel file line list was used to extract the IDSR weekly epi-

emiological measles data from Epi week 1 (January 1) to 51 (Decem-

er 25) of 2022. The age, sex, date of symptom onset, and outcome

dead/alive) variables were included on the spreadsheet after the data

ere extracted into Microsoft Excel file format. 

ata analysis 

All laboratory-confirmed cases, clinically compatible and epidemio-

ogically linked, were included in the analysis. The suspected cases that

ere tested and were negative for measles and rubella (non-measles dis-

arded) were excluded from the analysis. The data were cleaned and an-

lyzed using R statistical software version 4.2.0. The demographic and

linical characteristics of the cases were presented. The median age and

nterquartile range of the age were estimated. The ages were grouped

nto intervals of 5 years (pediatric population) and 10 years (adult pop-

lation). The incidence of measles in each county was calculated and

resented in a chart. The overall case fatality rate (CFR) was calculated

y dividing the total number of deaths by the number of measles cases.

he CFR was also calculated by districts, age group, and sex. The time-

ine of the outbreak was depicted by an epidemiologic curve using epi-

emiological weeks. The overall and county-specific attack rate of the

utbreak was calculated. To identify the hotspots, the spatial distribu-

ion of the cases and deaths was plotted per district using ArcGIS Pro

ersion 3.0.3. 

thical considerations 

Ethical approval for the study was obtained from the Atlantic Cen-

er for Research and Evaluation (ACRE) Institutional Review Board (ap-

roval number 22-08-336). To ensure confidentiality, all identifiers,

uch as names and addresses, were eliminated prior to analysis. The

nformation obtained was stored on a web server accessible to only au-

horized members of the research team. 

esults 

A total of 8772 cases were reported; however, only 8127 cases were

ncluded in the analysis. The median age of cases was 4 years (interquar-

ile range: 2-8). The youngest age was a 14-day-old neonate, and the

ldest case was a 67-year-old female. Children under 5 years of age

onstituted 60% of all the cases (4836/8127). Females accounted for

2% (4204/8127) of the cases ( Table 1 ). 

Only 52.4% (n = 4264) of the cases were reported from Montser-

ado County, which hosts the country’s capital, whereas River Gee and

barpolu Counties reported less than 50 cases each during the period

 Table 1 ). The incidence of measles during the period was found to

e the highest in Montserrado County (36.6 cases per 10,000 popu-

ation) and the lowest in Gbarpolu (1.7 cases per 10,000 population,

igure 1 ). Approximately 1% of cases had documentation of a prior dose

f an MCV, although 44.4% reported prior vaccination but did not have

ocumentation. The overall CFR was 1%. The CFR, however, varied by

ex, county, and age, mostly among the 0-4 years (1.61%) and Bomi

ounty (6.25%, Table 2 ). 
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Table 1 

Demographic characteristics of measles cases, Liberia 2022. 

Characteristics Frequency (n = 8,127) Percent 

Age (years) 

0-4 4,836 59.5 

5-9 1,527 18.8 

10-14 872 10.7 

15-24 572 7.0 

25-34 185 2.3 

35-44 95 1.2 

> 45 40 0.5 

Median (IQR) = 4 (2-8) 

Sex 

Female 4,204 51.7 

Male 3,923 48.3 

Place of case detection 

Community 1,582 19.5 

Hospital 6,545 80.5 

Vaccination status 

Vaccinated (card) 84 1.0 

Vaccination (history) 3,611 44.4 

Not vaccinated 4,432 54.6 

County of residence 

Montserrado 4,264 52.4 

Grand Bassa 749 9.2 

Nimba 737 9.1 

Margibi 603 7.4 

Bong 376 4.6 

Maryland 320 3.9 

Grand Kru 217 2.7 

Lofa 196 2.4 

Sinoe 175 2.2 

Grand Gedeh 143 1.8 

Grand Cape Mount 136 1.7 

Bomi 80 1.0 

Rivercess 80 1.0 

River Gee 33 0.4 

Gbarpolu 19 0.2 

Outcome 

Dead 84 1.0 

Alive 8,043 99.0 

IQR = interquartile range. 

 

c  

i  

a  

(

 

i  

i  

a  

t  

t  

(

 

e  

M

D

 

a  

r  

p  

T  

r  

i  

C  

t  

r  

Table 2 

Case fatality rate among the measles cases. 

Variable Cases Dead Case fatality rate 

Age (years) 

0-4 4,836 78 1.61 

5-9 1,527 3 0.20 

10-14 872 3 0.34 

15-24 572 0 0.00 

25-34 185 0 0.00 

35-44 95 0 0.00 

> 45 40 0 0.00 

Sex 

Male 3,923 46 1.17 

Female 4,204 38 0.90 

County 

Bomi 80 5 6.25 

Grand Cape Mount 136 3 2.21 

Montserrado 4,264 66 1.55 

Rivercess 80 1 1.25 

Grand Bassa 749 7 0.93 

Margibi 602 1 0.17 

Nimba 737 1 0.14 

Bong 376 0 0.00 

Maryland 320 0 0.00 

Grand Kru 217 0 0.00 

Lofa 196 0 0.00 

Sinoe 175 0 0.00 

Grand Gedeh 143 0 0.00 

River Gee 33 0 0.00 

Gbarpolu 19 0 0.00 

c  

c

 

c  

a  

o  

o  

a

 

a  

t  

H  

t  

g  

i  

S  

o  

s  

l  

i  

i  

s  

d  

S  

B

 

b  

a  

r  

l  

f  

[  

i  

t  

M  

i  

g  
The outbreak started in the first epidemiological week (2022), with

ases peaking during week 21. The outbreak saw a consistent increase

n cases up to week 21, with subsequent sporadic peaks in weeks 23, 27,

nd 31. After the 31st epidemiological week, cases continued to decrease

 Figure 2 ). 

The spatial distribution of measles cases and deaths by district of res-

dence over epidemiological weeks shows that most cases were found

n Montserrado County, followed by counties in southern, northern,

nd central regions (including Nimba, Grand Bassa, and Margibi Coun-

ies). From epidemiological week 15 to 51, cases were identified even-

ually throughout the remainder of the country´s districts and counties

 Figure 3 ). 

Measles case fatality was reported in several counties, and the high-

st CFR was reported in values from Bomi, Grand Cape Mount, and

ontserrado ( Figure 4 ). 

iscussion 

Liberia recorded a very large outbreak of measles in 2022, involving

lmost all the health districts reporting at least one case during the pe-

iod under review. The magnitude and spread of the outbreak suggest a

ossible suboptimal measles vaccine coverage throughout the country.

he suboptimal coverage could have resulted from COVID-19 pandemic-

elated impacts on routine health services provision, underlying gaps

n immunization program coverage, or both. The negative effect of the

OVID-19 pandemic on routine health services, including immuniza-

ion delivery in Liberia, has been documented previously. Vaccination

ates have been reported below optimal levels in the African region in
202
onjunction with fewer routine immunization campaigns conducted be-

ause of the COVID-19 pandemic [ 5 , 6 ]. 

Most measles cases reported in Liberia during the period involved

hildren under 5 years of age. Although measles may affect people of

ny age in any community, it is most severe in children under 5 years

f age. Most cases and deaths occurred among children under 5 years

f age in our study. The high morbidity and mortality in this age group

re consistent with reports from Nigeria and other countries [8–11] . 

Only 1% of cases had documentation of a prior dose of an MCV,

lthough 46% reported prior vaccination but did not have documen-

ation. This vaccination coverage is low when compared with World

ealth Organization standards for reaching and maintaining 95% of

wo doses of the measles vaccine through regular immunization pro-

rams and supplemented by additional immunization actions to erad-

cate measles [12] . Results from earlier studies conducted in Ethiopia,

outh Africa, and Nigeria confirm that intermittent cases of the disease

ccur when coverage drops below the 95% coverage threshold neces-

ary for eradication [13–15] . Our findings also document Liberia´s chal-

enges with accurately recording vaccination delivery and/or maintain-

ng quality records. The high number of vaccinations by history may be

ndicative that vaccination information in routine health care services is

elf-reported without evidence, and under such circumstances, it may be

ifficult to monitor the completion of vaccination doses and schedules.

imilar observations have been reported in other countries, including

razil, Mongolia, and Japan [ 16 , 17 ]. 

The overall CFR in this study is 1%, which is comparable to out-

reak investigation findings from the Oromia region of Ethiopia’s Ginir

nd Artuma districts of 0.5% and 2.6%, respectively [ 18 , 19 ]. However,

esearch in Nigeria showed a 7-year CFR of 4.8% in 2018, which was in

ine with the CFR reported from earlier studies in Nigeria, which ranged

rom 3% to 5% and might reach as high as 10% for developing nations

 8 , 20 , 21 ]. A CFR of 7% was also found in earlier research conducted

n India [22] . The low overall CFR need to be taken with caution given

he variability of CFR across the different counties. Bomi, Grand Cape

ount, and Montserrado counties recorded the highest CFR. Higher CFR

n certain counties may represent better detection or, more plausibly,

reater gaps in community awareness, clinician knowledge, or support-
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Figure 1. The incidence of measles by county of residence, 2022. 

Figure 2. Epicure of measles cases by epidemiological week, 2022. 

203
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Figure 3. Spatial distribution of the measles cases by district of residence and epidemiological week. 
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ve clinical treatment. Additional studies could assist in delineating be-

ween these possible explanations. 

The highest incidence of measles was observed in Montserrado

ounty, which is home to Monrovia, the nation’s capital. Given the stark

ifferences in income, social services, infrastructure, and other oppor-

unities between Monrovia and other regions of the nation, this may

e attributable to greater population density brought on by both rural-

o-urban and inter-urban migration [23] . Similar results in previous re-

earch showed that measles cases were less common in rural than urban

reas [ 24 , 25 ]. 

This study’s seasonal trend showed an increase in measles cases as

he dry season, which starts in April, transitioned into the rainy season,

hich concludes in October. Although several earlier studies in Africa

ndicated that measles cases soared during the dry season, significant

easonal variations in measles incidence have also been observed during

 number of significant outbreaks of the disease amid various environ-

ental factors and variations in population size [ 26 , 27 ]. 

The Ministry of Health, through the EPI unit, as part of the response

o the outbreak, conducted a reactive vaccination with MCV initially

t hotspots counties but later nationwide as the vaccines became more
204
vailable. This was in addition to sending out a rapid response team

o contain the outbreak and working with partners and the NPHIL to

onduct operational research to understand the drivers of the outbreak.

The limited nature of the variables included in the surveillance

atabase made it difficult to explore the likely factors (malnutrition,

omplications, etc) associated with fatality among the cases. In addition,

he vaccination status of cases was largely self-reported, which may not

e accurate. Most of the time, there was no proof of vaccination cards. 

This study provides critical information about the Liberian measles

utbreak of 2022, which significantly had the largest number of cases

n recent memory [28–30] . In urban and rural areas of the country, es-

ecially among children under 5 years of age, measles has continued

o be a serious health challenge. In addition, there is disturbingly little

roof of measles vaccination by card, which has serious ramifications for

aintaining immunization schedules and dosages and, ultimately, mon-

toring vaccine coverage. Therefore, it is advised that efforts to conduct

 reactive measles campaign at the national and sub-national levels be

tepped up and that measles surveillance, regular immunization, and ad-

itional immunization actions to reach every community be given top

riority. In addition, there is a need for caregivers to get enough knowl-
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Figure 4. Measles case fatality rate by district at epidemiological week 51, 2022. 
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dge regarding the significance and safekeeping of vaccination records,

s well as adequate training for health care professionals and vaccine

roviders on correct documentation of vaccination records. 
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