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Outbreak Investigation

Measles outbreak investigation in Buah health district, Grand
Kru County, Liberia, February-April 2020
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ABSTRACT

Introduction: Measles is a highly contagious illness and remains one of the leading
causes of death of children worldwide. Measles is one of the epidemic-prone diseases
for weekly reporting in the revised Integrated Disease Surveillance and Response in
Liberia. In 2020, Liberia reported a total of 623 measles cases, of which, Grand Kru
County accounted for 28.6%. We present the epidemiological characterization of the
measles outbreak in Grand Kru County in 2020. Methods: The study employed a
descriptive cross-sectional design. We conducted an active case search using the
outbreak case definition and interviewed affected persons and caretakers using the case
investigation forms. We conducted contact tracing, line-listed cases and reviewed
medical records of patient charts. The following variables for analysis were used:
laboratory results, age categories, sex, community of residence, and vaccination status.
We calculated frequencies and proportions using Epi-info version 7.2 software to
summarize socio-demographic characteristics, outcome and vaccination status and
presented the timeline of the outbreak in Epi-curve using epi-weeks. Results: A total
of 178 measles cases were identified during the outbreak. Of the total cases, 4.5%
(8/178) were positive and 95.5% (170/178) were epidemiologically linked. The
median age was 6 (interquartile range: 3-12) years with females accounting for 57.3%
of the cases. The age group 0-4 years accounted for 39.3% (70/178) of the total cases,
followed by 5-9 years 28.1% (50/178) and 10-14 years 18.5% (33/178). Parluken
community reported 65.2% (116/178) of the cases, followed by Forpoh Wropluken at
14.1% (25/178). Twenty-one percent (37/178) of the cases were vaccinated while
79.0% (140/178) were not vaccinated. The attack rate was 126.2 per 10,000 population
and the case fatality rate was 1%. Conclusion: This was a confirmed measles outbreak
in Buah Health District, Grand Kru County. The attack rate was high, but the case
fatality rate was low. The majority of the cases were not vaccinated against measles.
There is a need to improve vaccination coverage through routine immunization and
supplemental immunization activities.
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Introduction

Measles is a highly contagious systemic illness and
remains one of the leading causes of death of children
worldwide [1]. The reported cases of death among
children under 5 years had increased from an estimated
89,780 in 2016 to 207,500 in 2019 [2]. The disease is
common in many developing countries, particularly in
parts of Africa and Asia [3]. More than 95% of measles
deaths occur in countries with low per capita incomes and
weak health infrastructures [4]. Measles outbreaks can be
particularly deadly in countries experiencing or
recovering from natural disasters or conflict [4]. Damaged
health infrastructure and health services interrupt routine
immunization, and overcrowding in residential camps
greatly increases the risk of infection [5].

Despite the availability of safe, affordable and effective
measles vaccines, Africa reported approximately 147,900
measles deaths, leading to a major public health problem
[6]. It was projected that measles mortality was estimated
to reduce by 62% between 2000 and 2019, and Africa
observed a 57% reduction in the same year 2019 [7]. The
coverage of the first dose of the measles vaccine in Africa
was 69% in 2019 [8]. Although this is a considerable
improvement from 53% in 2000, the coverage is not
sufficient for the prevention of endemic transmission of
the measles virus, which requires at least 93-95% of
population immunity [9].

In 2020, Liberia reported a total of 623 measles cases, of
which Grand Kru County accounted for 28.6% [10]. On
the 19th of February 2020, the national reference
laboratory released results of eight confirmed measles
cases reported from Buah District, Grand Kru County
[10]. An outbreak of Measles was declared, and the
district rapid response team (DRRT) was activated to
respond to the outbreak with the following objectives:
control the outbreak, characterize the outbreak and
establish possible risk factors.

Methods

Study Setting

Grand Kru County is located in the southeastern part of
Liberia with an estimated population of 77,468
inhabitants, of which 14,108 constitute the Buah district.
Only 45% of the county population have easy access to
the health delivery system (people who live within 5km
away from the health facility) and an estimated measles
coverage for the county in 2020 was 80.2% and 37.0% for
the Buah district. The county has five health districts and
23 health facilities (2 private and 21 public). Of the twenty-
three health facilities 83% (19/23) are involved with
immunization activities.

Study population and design

The target population of this study were individuals who
were positive for measles or came in contact with a
positive case in any of the health facilities or communities
in the Buah health district, while we employed a cross-
sectional study design.

Cases that met the case definition and had records of basic
information such as laboratory classification, age, sex,
date of reporting, date of onset, place of detection,
vaccination status, and date seen were included in the
study, while those with the above missing information
were excluded.

Measles Surveillance System

Measles surveillance in Grand Kru is carried out through
the Integrated Disease Surveillance and Response (IDSR)
platform. This platform is a national reporting system
covering priority diseases in all health facilities across the
five health districts within the county. Information flows
from the communities (community health assistants
(CHAs) and community health volunteers (CHVs)),
health facility surveillance focal persons (SFP), the district
surveillance officers (DSOs), through the county
surveillance officer (CSO), to the national level National
Public Health Institute of Liberia/Ministry of
Health Figure 1. Suspected cases have the samples drawn
by the health workers at the health facilities and sent to
the National Reference Laboratory through the Riders for
Health Figure 2. The specimen collection and transport
medium begin at the health facility level with Riders for
Health serving as liaison between the county and the
National Reference Laboratory for specimen collection
and transportation. However, there is a vice-versa flow of
information between national, county, districts, health
facilities and communities within the surveillance system.

Outbreak case definition
The outbreak case definitions were based on the Liberia
3rd revised IDSR guideline:

Suspected case

“Any person with sudden onset of fever (>38.5°C rectal or
38.0°C axillary) and maculopapular (non-vesicular)
generalized rash and one of the following symptoms:
cough, coryza or conjunctivitis (red eyes), that visited or
resided in Parluken community from the 14th of February
to the 23rd April of 2020 or whom the clinician suspect of
measles”.

Probable case
“A suspected case who had contact with a confirmed
case”.

Confirmed case
“A suspected case laboratory confirmed by the presence
of IgM antibodies of measles virus in the serum”.

Epidemiological linkage
“A suspected case who visited an outbreak setting or had
contact with a confirmed case”.

Data collection

Data was extracted by DSOs, and SFPs, at the various
health facilities. We reviewed weekly IDSR reporting
ledgers, diagnosis and treatment ledgers, patients” charts,
vaccination ledgers and laboratory submission forms.
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Data analysis

We cleaned and analyzed data in Microsoft Excel.
Variables such as age, sex, address, and vaccination status
were calculated using frequency and proportion. To
determine the extent of the outbreak, we calculated the
attack rate and case fatality rate, and our results were
presented using tables and graphs.

Availability of data and material

The data from which this write-up was developed belong
to the Ministry of Health Liberia and are not publicly
accessible. Nevertheless, the data can be availed from the
corresponding author with rational requests and with
authorization from the Ministry of Health Liberia.

Ethical considerations

The County Health Team granted permission to use the
data from the outbreak response for this publication.
Confidentiality of the participants was maintained
throughout the study.

Results

were reported in epi-week 8. The peak of the outbreak was
in epi-week 9, where 30.3% (54/178) of the cases were
reported. The attack rate was 126.2 per 10,000
populations including a pregnant woman and the case
fatality rate was 1.0% Figure 3.

Discussion

Epidemiological information of index case

On February 1, 2020, one of the CHAs of Parluken
suspected a measles case and referred the patient to the
Dwenken clinic. This patient was a 13-years old female
and a resident of Parluken community, Buah Health
District. She was vaccinated against measles on the 25th
of October 2007 but started to develop signs and
symptoms of measles-like fever, cough, generalized body
rash, sore throat, headache, running nose and red eyes on
the 28th of January 2020. The surveillance focal person
SFP at the clinic suspected measles using standard cases
definition and immediately collected specimens for
testing. On February 18, 2020, the National Reference
Laboratory through the National Public Health Institute
released the patient result positive for measles by IgM.

A total of 178 measles cases were identified during the
outbreak. Of the 178 cases, females accounted for 57.3%
(102/178). The age group 0-4 years accounted for 39.3%
(70/178) followed by 5-9 years 28.1% (50/178), 10-14
years 18.5% (33/178), 15-19 years 5.6% (10/178) and >
20 years and above 8.4% (15/178). The median age was 6
(interquartile range: 3-12) years. Parluken community
reported 65.2% (116/178) of the total cases, followed by
Forpoh Wropluken 14.1% (25/178) and Jlateken 8.4%
(15/178). Twenty-one per cent (37/178) of the cases were
vaccinated against measles, while 79.0% (140/178) were
not vaccinated Table 1.

Symptoms like fever, maculopapular rashes, and red eyes
were reported or identified in all the cases, 100%
(178/178), while cough and running nose accounted for
71.9% (128/178) and 93.8% (167/178) respectively Table
2.

The outbreak started during epi-week 7, intervention was
initiated during the same epi-week 7. From the
intervention initiated, additional 43 cases and 2 deaths
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An outbreak of measles was confirmed at Buah health
district in Grand Kru County. The outbreak had a high
attack rate. This could probably be due to the low level of
immunization coverage among the cases. Lack of
immunization with measles-containing vaccines makes
children vulnerable to measles infection. Similar findings
had been reported in previous outbreaks. The county is
predominately rural with a poor road network and
swampy areas making it difficult to travel. This could have
impacted the routine immunization services in the area.
Although the attack rate was high, the case fatality rate
was low. Similar to our findings, studies conducted in
Myanmar and Ethiopia in 2019 and 2022 showed a high
attack rate during measles outbreaks [11, 12]. Whereas, in
Ethiopia and Nigeria, a study conducted in 2019 and 2020
findings showed that there was a high case fatality rate
during the measles outbreak which is contrary to our
findings [13, 14].

The index case attended a school function in the Parluken
community where she interacted with many people which
could be one of the reasons for the spread of the outbreak.
The highest number of cases were reported from Parluken
community. Females accounted for the highest
proportion of cases during the outbreak, while the
majority of the cases were in the age group 0-4 years. This
is probably due to inefficient vaccination outreaches
conducted in the affected communities and limited
support from stakeholders to enhance routine
immunization services and health workers have to walk
long distances to provide immunization services in
isolated and hard-to-reach settlements. The results are
similar to the studies conducted in Central Africa
Republic, Guinea and Nigeria in 2017, 2019 and 2020 and
showed the age group less than 5 years were mostly
affected [8, 15, 16]. In addition, the studies conducted in
Liberia, the Philippines and South Africa in 2019 and
2022 showed that females were mostly affected during
measles outbreaks [17-19]. Contrary to our findings, a
study conducted during a measles outbreak in California
and Uganda in 2015 and 2020 showed the spread of the
outbreak was due to direct contact with a positive case and
travel history to an endemic area [6, 20, 21]. Further
studies conducted in Uganda, and Nigeria in 2018 and
2021 showed that most cases reported had symptoms like
fever, maculopapular rash and red eyes which correspond
with our findings [20, 22].

Conclusion

This was a confirmed measles outbreak in Buah health
district, Grand Kru County. The attack rate was high, but
the case fatality rate was low, while the highest number of
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cases were reported from the Parluken community with
low immunization coverage among the cases which might
be one of the contributing factors to the spread of the
outbreak. We recommend that the County Health Teams
and partners should work with the District Health Teams
to establish temporary outreach camps in the various
districts to support supplemental immunization activities
and outreach services and strengthen routine
immunization services in the communities.

‘What is known about this topic

in Buah district, Grand Kru County, February to April
2020

Figure 1: Diagram of reporting flow chat for the
surveillance system in Liberia
Figure 2: Diagram of laboratory confirmation of
specimen  collection and testing in  Liberia
Figure 3: Measles cases reported in Buah health district,
Grand Kru County, February - April 2020
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measles cases

e Early intervention could minimize the mortality
from a measles outbreak

Competing interests

The authors declare no competing interests.

Authors’ contributions

FCB conceptualized the study, FCB, JL participated in
the outbreak response, MAA, OJB, FTW LSB supervised
the outbreak investigation, FCB, CDU, FTW were
involved in the initial manuscript drafting, OJB, FTW,
CDU, JL, MAA, and LSB revised the manuscript for
intellectual content, all authors read and approved the
final version of the manuscript for submission.

Acknowledgements

We acknowledge the Ministry of Health Liberia (MoH),
National Public Health Institute of Liberia (NPHIL),
Center for Disease Control and Prevention (US, CDC)
Liberia, African Field Epidemiology Network
(AFENET), and Grand Kru County Health Team
(GKCHT) for their significant contributions during the
study and the manuscript write-up.

Tables and figures

Table 1: Demographic Characteristics of Measles cases in
Buah health district, Grand Kru County, February to
April 2020
Table 2: Distribution of signs and symptoms among cases

4 |Page number not for citation purposes

1. Goodson JL, Masresha BG, Wannemuehler K,
Uzicanin A, Cochi S.Changing epidemiology of
measles in africa . Journal of Infectious Diseases
[Internet]. 2011 Jul 1 [cited 2023 Aug
14];204(Supplement 1): S205-
14. https://doi.org/10.1093/infdis/jir129 Google
Scholar

2. Aborode AT, Babatunde AO, Osayomwanbor BAS,
Fajemisin EA, Inya OC, Olajiga O, Uwandu-Uzoma
AC.Measles outbreak amidst COVID-19 pandemic
in Africa: grappling with looming crises . Trop Med
Health [Internet]. 2021 Nov 02 [cited 2023 Aug
14];49(1):89. https://doi.org/10.1186/s41182-021-
00375-3 PubMed | Google Scholar

3. Walekhwa AW, Ntaro M, Kawungezi PC,
Achangwa C, Muhindo R, Baguma E, Matte M,
Migisha R, Reyes R, Thompson P, Boyce RM,
Mulogo EM.Measles outbreak in Western Uganda:
a_case-control study . BMC Infect Dis [Internet].
2021 Jun 22 [cited 2023 Aug
14];21(1):596. https://doi.org/10.1186/s12879-
021-06213-5 PubMed | Google Scholar

4. Minta AA, Ferrari M, Antoni S, Portnoy A, Sbarra
A, Lambert B, Hauryski S, Hatcher C, Nedelec Y,
Datta D, Ho LL, Steulet C, Gacic-Dobo M, Rota PA,
Mulders MN, Bose AS, Perea WA, O’Connor
P.Progress Toward Regional Measles Elimination -
Worldwide, 2000-2021 . MMWR Morb Mortal
Wkly Rep [Internet]. 2022 Nov 25 [cited 2023 Aug
17];71(47):1489-

95. http://dx.doi.org/10.15585/mmwr.mm7147a
1 PubMed | Google Scholar

5. Kostandova N, Loisate S, Winter A, Moss WJ, Giles
JR, Metcalf CJE, Mutembo S, Wesolowski A.Impact
of disruptions to routine vaccination programs,
quantifying burden of measles, and mapping
targeted supplementary immunization activities .
Epidemics [Internet]. 2022 Oct 22 [cited 2023 Aug
14];41:100647. https://doi.org/10.1016/j.epidem.
2022.100647 PubMed | Google Scholar



javascript:void(0)
javascript:void(0)
javascript:PopupFigure('FigId=1')
javascript:PopupFigure('FigId=2')
javascript:PopupFigure('FigId=3')
https://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jir129
https://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jir129
https://doi.org/10.1093/infdis/jir129
http://scholar.google.com/scholar?hl=en&q=+Changing+epidemiology+of+measles+in+africa
http://scholar.google.com/scholar?hl=en&q=+Changing+epidemiology+of+measles+in+africa
https://tropmedhealth.biomedcentral.com/articles/10.1186/s41182-021-00375-3
https://tropmedhealth.biomedcentral.com/articles/10.1186/s41182-021-00375-3
https://doi.org/10.1186/s41182-021-00375-3
https://doi.org/10.1186/s41182-021-00375-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Aborode%20AT%5bauthor%5d+AND++Measles+outbreak+amidst+COVID-19+pandemic+in+Africa:+grappling+with+looming+crises
http://scholar.google.com/scholar?hl=en&q=+Measles+outbreak+amidst+COVID-19+pandemic+in+Africa:+grappling+with+looming+crises
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-021-06213-5
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-021-06213-5
https://doi.org/10.1186/s12879-021-06213-5
https://doi.org/10.1186/s12879-021-06213-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Walekhwa%20AW%5bauthor%5d+AND++Measles+outbreak+in+Western+Uganda:+a+case-control+study
http://scholar.google.com/scholar?hl=en&q=+Measles+outbreak+in+Western+Uganda:+a+case-control+study
http://www.cdc.gov/mmwr/volumes/71/wr/mm7147a1.htm?s_cid=mm7147a1_w
http://www.cdc.gov/mmwr/volumes/71/wr/mm7147a1.htm?s_cid=mm7147a1_w
http://dx.doi.org/10.15585/mmwr.mm7147a1
http://dx.doi.org/10.15585/mmwr.mm7147a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Minta%20AA%5bauthor%5d+AND++Progress+Toward+Regional+Measles+Elimination+-+Worldwide+2000-2021
http://scholar.google.com/scholar?hl=en&q=+Progress+Toward+Regional+Measles+Elimination+-+Worldwide+2000-2021
https://linkinghub.elsevier.com/retrieve/pii/S1755436522000871
https://linkinghub.elsevier.com/retrieve/pii/S1755436522000871
https://linkinghub.elsevier.com/retrieve/pii/S1755436522000871
https://linkinghub.elsevier.com/retrieve/pii/S1755436522000871
https://doi.org/10.1016/j.epidem.2022.100647
https://doi.org/10.1016/j.epidem.2022.100647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Kostandova%20N%5bauthor%5d+AND++Impact+of+disruptions+to+routine+vaccination+programs+quantifying+burden+of+measles+and+mapping+targeted+supplementary+immunization+activities
http://scholar.google.com/scholar?hl=en&q=+Impact+of+disruptions+to+routine+vaccination+programs+quantifying+burden+of+measles+and+mapping+targeted+supplementary+immunization+activities

10.

11.

12.

Aaby P, Martins CL, Garly ML, Rodrigues A, Benn

CS, Whittle H.The optimal age of measles
immunisation in low-income countries: a secondary

analysis of the assumptions underlying the current
policy . BMJ Open [Internet]. 2012 Jul 19 [cited 2023
Aug

14];2(4):e000761. http://dx.doi.org/10.1136/bmjo
pen-2011-000761 PubMed | Google Scholar

Biribawa C, Atuhairwe JA, Bulage L, Okethwangu
DO, Kwesiga B, Ario AR, Zhu BP. Measles
outbreak amplified in a pediatric ward: Lyantonde
District, Uganda, Aug 2017 . BMC Infect Dis
[Internet].2020 Jun 05 [cited 2023 Aug
14];20(1):398. https://doi.org/10.1186/s12879-
020-05120-5 PubMed | Google Scholar

Farra A, Loumandet TN, Pagonendji M, Manirakiza
A, Manengu C, Mbailao R, Ndjapou S, Lefaou A,
Gouandjika-Vasilache I.Epidemiologic profile of
measles in Central African Republic: A nine year
survey, 2007-2015 . PLoS ONE [Internet]. 2019 Mar
20 [cited 2023 Aug
14];14(3):€0213735. https://doi.org/10.1371/journ
al.pone.0213735 PubMed | Google Scholar

Wesseh CS, Najjemba R, Edwards JK, Owiti P,
Tweya H, Bhat P. Did the Ebola outbreak disrupt
immunisation services? A case study from Liberia .
public health action [Internet]. 2017 Jun 21 [cited
2023 Aug 14];7 (Supp1):82-
7. https://doi.org/10.5588/pha.16.0104 PubMed

| Google Scholar

National Public Health Institute of Liberia.Liberia
IDSR Epidemiology Bulletin 2017 Epi-week 8
(February 17 - 23, 2020). IDSR Weekly
Epidemiology and Surveillance Bulletin [Internet].
2020[cited 2023 Aug 17];12(8):1-9. Published with
support of WHO and CDC.

Thura A.Measles outbreak investigation in Yone

Daw Village, Lewe Township, Naypyitaw Union

Territory, Myanmar (2019) . International Journal of
Infectious Diseases [Internet]. 2020 Dec [cited 2023

Aug 14]; 101(S1):373-
4. https://doi.org/10.1016/j.ijid.2020.09.983 Goo
gle Scholar

Tsegaye G, Gezahegn Y, Tesfaye A, Mulatu G,
Bulcha GG, Berhanu N.Measles QOutbreak
Investigation in Guradamole District of Bale Zone,
South Eastern Ethiopia, 2021 . IDR [Internet]. 2022
Feb 27 [cited 2023 Aug 28]; 15:669-
83. https://doi.org/10.2147/IDR.S343270 PubMe

d | Google Scholar

5 | Page number not for citation purposes

13.

14.

15.

16.

17.

18.

19.

Girmay A, Dadi AF.Being unvaccinated and having
a_contact history increased the risk of measles
infection during an outbreak: a finding from
measles outbreak investigation in rural district of
Ethiopia . BMC Infect Dis [Internet]. 2019 Apr 25
[cited 2023 Aug
14];19(1):345. https://doi.org/10.1186/s12879-
019-3973-8 PubMed | Google Scholar

Rabiu M, Mohammed R, Liman B, Alayande A,
Obinna O, Ibrahim D.Report of Measles Outbreak
Investigation in Dan Manau Community of Bakura
LGA, Zamfara State, Northwest Nigeria . Med. res.
chronicles [Internet]. 2020 Jun 30 [cited
2023Aug.14];7(3):155-62. Google Scholar

Faruk AS, Adebowale AS, Balogun MS, Taiwo L,
Adeoye O, Mamuda S, Waziri NE.Temporal trend
of measles cases and impact of vaccination on
mortality in Jigawa State, Nigeria, 2013-2017: a
secondary data analysis . Pan Afr Med J [Internet].
2020 Feb 19 [cited 2023 Aug 14];35(Supp 1):
13. https://doi.org/10.11604/pamj.supp.2020.35.
1.19780 PubMed | Google Scholar

Aworabhi-Oki N, Numbere T, Balogun MS, Usman
A, Utulu R, Ebere N, Omubo W, Stow J, Abba S,
Olorukooba A. Trends in measles cases in Bayelsa
state, Nigeria: a five-year review of case-based
surveillance data (2014-2018) . BMC Public Health
[Internet]. 2020 Jun  15[cited 2023 Aug
14];20(1):938. https://doi.org/10.1186/s12889-
020-09070-0 PubMed | Google Scholar

Nagbe T, Williams GS, Rude JM, Flomo S, Yeabah
T, Fallah M, Skrip L, Agbo C, Mahmoud N,
Okeibunor JC, Yealue K, Talisuna A, Yahaya AA,
Rajatonirina S, Clarke A, Hamblion E, Nyenswah T,
Dahn B, Gasasira A, Fall IS.Lessons learned from
detecting and responding to recurrent measles
outbreak in Liberia post Ebola-Epidemic 2016-
2017 . Pan Afr Med J [Internet]. 2019 May 29 [cited
2023 Aug 14]; 33(Suppl
2):7. https://doi.org/10.11604/pamj.supp.2019.33
.2.17172 PubMed | Google Scholar

Hannah Ellis P.Measles outbreak in Philippines
kills 70, with vaccine fearmongering blamed - The

deaths, mostly of children, are part of an alarming
wave of measles cases worldwide over the past few
years . The Guardian [Internet]. 2019 Feb 12 [cited
2023 Aug 28]:[about 4 screens].

Yousif M, Hong H, Malfeld S, Smit S, Makhathini L,
Motsamai T, Tselana D, Manamela M, Kamupira M,
Maseti E, Ranchod H, Otwombe K, McCarthy K,
Suchard M.Measles incidence in South Africa: a six-
year review, 2015€»2020. BMC Public Health
[Internet]. 2022 Aug 30 [cited 2023 Aug
14];22(1):1647. https://doi.org/10.1186/s12889-
022-14069-w PubMed | Google Scholar



https://bmjopen.bmj.com/content/2/4/e000761
https://bmjopen.bmj.com/content/2/4/e000761
https://bmjopen.bmj.com/content/2/4/e000761
https://bmjopen.bmj.com/content/2/4/e000761
https://www.afenet-journal.net/content/article/6/11/full/TEXT
https://www.afenet-journal.net/content/article/6/11/full/TEXT
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Aaby%20P%5bauthor%5d+AND++The+optimal+age+of+measles+immunisation+in+low-income+countries:+a+secondary+analysis+of+the+assumptions+underlying+the+current+policy
http://scholar.google.com/scholar?hl=en&q=+The+optimal+age+of+measles+immunisation+in+low-income+countries:+a+secondary+analysis+of+the+assumptions+underlying+the+current+policy
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05120-5
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05120-5
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05120-5
https://doi.org/10.1186/s12879-020-05120-5
https://doi.org/10.1186/s12879-020-05120-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Biribawa%20C%5bauthor%5d+AND++Measles+outbreak+amplified+in+a+pediatric+ward:+Lyantonde+District+Uganda+Aug+2017
http://scholar.google.com/scholar?hl=en&q=+Measles+outbreak+amplified+in+a+pediatric+ward:+Lyantonde+District+Uganda+Aug+2017
https://dx.plos.org/10.1371/journal.pone.0213735
https://dx.plos.org/10.1371/journal.pone.0213735
https://dx.plos.org/10.1371/journal.pone.0213735
https://doi.org/10.1371/journal.pone.0213735
https://doi.org/10.1371/journal.pone.0213735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Farra%20A%5bauthor%5d+AND++Epidemiologic+profile+of+measles+in+Central+African+Republic:+A+nine+year+survey+2007-2015
http://scholar.google.com/scholar?hl=en&q=+Epidemiologic+profile+of+measles+in+Central+African+Republic:+A+nine+year+survey+2007-2015
http://www.ingentaconnect.com/content/10.5588/pha.16.0104
http://www.ingentaconnect.com/content/10.5588/pha.16.0104
https://doi.org/10.5588/pha.16.0104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Wesseh%20CS%5bauthor%5d+AND++Did+the+Ebola+outbreak+disrupt+immunisation+services?+A+case+study+from+Liberia
http://scholar.google.com/scholar?hl=en&q=+Did+the+Ebola+outbreak+disrupt+immunisation+services?+A+case+study+from+Liberia
https://www.afenet-journal.net/content/article/6/11/full/https%20:/www.nphil.gov.lr/wp-content/uploads/2020/14/Liberia-Early-Warning-Disease-Surveillance-Bulletin-Epi-week-8-2020.pdf
https://www.afenet-journal.net/content/article/6/11/full/https%20:/www.nphil.gov.lr/wp-content/uploads/2020/14/Liberia-Early-Warning-Disease-Surveillance-Bulletin-Epi-week-8-2020.pdf
https://www.afenet-journal.net/content/article/6/11/full/https%20:/www.nphil.gov.lr/wp-content/uploads/2020/14/Liberia-Early-Warning-Disease-Surveillance-Bulletin-Epi-week-8-2020.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1201971220316994
https://linkinghub.elsevier.com/retrieve/pii/S1201971220316994
https://linkinghub.elsevier.com/retrieve/pii/S1201971220316994
https://doi.org/10.1016/j.ijid.2020.09.983
http://scholar.google.com/scholar?hl=en&q=+Measles+outbreak+investigation+in+Yone+Daw+Village+Lewe+Township+Naypyitaw+Union+Territory+Myanmar+(2019)
http://scholar.google.com/scholar?hl=en&q=+Measles+outbreak+investigation+in+Yone+Daw+Village+Lewe+Township+Naypyitaw+Union+Territory+Myanmar+(2019)
https://www.dovepress.com/measles-outbreak-investigation-in-guradamole-district-of-bale-zone-sou-peer-reviewed-fulltext-article-IDR
https://www.dovepress.com/measles-outbreak-investigation-in-guradamole-district-of-bale-zone-sou-peer-reviewed-fulltext-article-IDR
https://www.dovepress.com/measles-outbreak-investigation-in-guradamole-district-of-bale-zone-sou-peer-reviewed-fulltext-article-IDR
https://doi.org/10.2147/IDR.S343270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Tsegaye%20G%5bauthor%5d+AND++Measles+Outbreak+Investigation+in+Guradamole+District+of+Bale+Zone+South+Eastern+Ethiopia+2021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Tsegaye%20G%5bauthor%5d+AND++Measles+Outbreak+Investigation+in+Guradamole+District+of+Bale+Zone+South+Eastern+Ethiopia+2021
http://scholar.google.com/scholar?hl=en&q=+Measles+Outbreak+Investigation+in+Guradamole+District+of+Bale+Zone+South+Eastern+Ethiopia+2021
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-3973-8
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-3973-8
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-3973-8
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-3973-8
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-3973-8
https://doi.org/10.1186/s12879-019-3973-8
https://doi.org/10.1186/s12879-019-3973-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Girmay%20A%5bauthor%5d+AND++Being+unvaccinated+and+having+a+contact+history+increased+the+risk+of+measles+infection+during+an+outbreak:+a+finding+from+measles+outbreak+investigation+in+rural+district+of+Ethiopia
http://scholar.google.com/scholar?hl=en&q=+Being+unvaccinated+and+having+a+contact+history+increased+the+risk+of+measles+infection+during+an+outbreak:+a+finding+from+measles+outbreak+investigation+in+rural+district+of+Ethiopia
https://www.medrech.com/index.php/medrech/article/view/434
https://www.medrech.com/index.php/medrech/article/view/434
https://www.medrech.com/index.php/medrech/article/view/434
http://scholar.google.com/scholar?hl=en&q=+REPORT+OF+MEASLES+OUTBREAK+INVESTIGATION+IN+DAN+MANAU+COMMUNITY+OF+BAKURA+LGA+ZAMFARA+STATE+NORTHWEST+NIGERIA
http://www.panafrican-med-journal.com/content/series/35/1/13/full
http://www.panafrican-med-journal.com/content/series/35/1/13/full
http://www.panafrican-med-journal.com/content/series/35/1/13/full
http://www.panafrican-med-journal.com/content/series/35/1/13/full
https://doi.org/10.11604/pamj.supp.2020.35.1.19780
https://doi.org/10.11604/pamj.supp.2020.35.1.19780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Faruk%20AS%5bauthor%5d+AND++Temporal+trend+of+measles+cases+and+impact+of+vaccination+on+mortality+in+Jigawa+State+Nigeria+2013-2017:+a+secondary+data+analysis
http://scholar.google.com/scholar?hl=en&q=+Temporal+trend+of+measles+cases+and+impact+of+vaccination+on+mortality+in+Jigawa+State+Nigeria+2013-2017:+a+secondary+data+analysis
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09070-0
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09070-0
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09070-0
https://doi.org/10.1186/s12889-020-09070-0
https://doi.org/10.1186/s12889-020-09070-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Aworabhi-Oki%20N%5bauthor%5d+AND++Trends+in+measles+cases+in+Bayelsa+state+Nigeria:+a+five-year+review+of+case-based+surveillance+data+(2014-2018)
http://scholar.google.com/scholar?hl=en&q=+Trends+in+measles+cases+in+Bayelsa+state+Nigeria:+a+five-year+review+of+case-based+surveillance+data+(2014-2018)
http://www.panafrican-med-journal.com/content/series/33/2/7/full/
http://www.panafrican-med-journal.com/content/series/33/2/7/full/
http://www.panafrican-med-journal.com/content/series/33/2/7/full/
http://www.panafrican-med-journal.com/content/series/33/2/7/full/
https://doi.org/10.11604/pamj.supp.2019.33.2.17172
https://doi.org/10.11604/pamj.supp.2019.33.2.17172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Nagbe%20T%5bauthor%5d+AND++Lessons+learned+from+detecting+and+responding+to+recurrent+measles+outbreak+in+Liberia+post+Ebola-Epidemic+2016-2017
http://scholar.google.com/scholar?hl=en&q=+Lessons+learned+from+detecting+and+responding+to+recurrent+measles+outbreak+in+Liberia+post+Ebola-Epidemic+2016-2017
https://www.theguardian.com/world/2019/feb/12/measles-outbreak-in-philippines-kills-70-with-vaccine-fear-mongering-blamed
https://www.theguardian.com/world/2019/feb/12/measles-outbreak-in-philippines-kills-70-with-vaccine-fear-mongering-blamed
https://www.theguardian.com/world/2019/feb/12/measles-outbreak-in-philippines-kills-70-with-vaccine-fear-mongering-blamed
https://www.theguardian.com/world/2019/feb/12/measles-outbreak-in-philippines-kills-70-with-vaccine-fear-mongering-blamed
https://www.theguardian.com/world/2019/feb/12/measles-outbreak-in-philippines-kills-70-with-vaccine-fear-mongering-blamed
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-14069-w
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-14069-w
https://doi.org/10.1186/s12889-022-14069-w
https://doi.org/10.1186/s12889-022-14069-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Yousif%20M%5bauthor%5d+AND++Measles+incidence+in+South+Africa:+a+six-year+review+2015%EF%BF%BD2020
http://scholar.google.com/scholar?hl=en&q=+Measles+incidence+in+South+Africa:+a+six-year+review+2015%EF%BF%BD2020

20. Nsubuga EJ, Morukileng J, Namayanja J, Kadobera

D, Nsubuga F, Kyamwine IB, Bulage L, Kwesiga B,
Ario AR, Harris JR.Measles outbreak in Semuto
Subcounty, Nakaseke District, Uganda, June-
August 2021 . IJID Regions [Internet]. 2022 Sep 05
[cited 2023 Aug 14];5:44-
50. https://doi.org/10.1016/j.ijregi.2022.08.017 P
ubMed | Google Scholar

6 |Page number not for citation purposes

21.

22.

Zipprich J, Winter K, Hacker J, Xia D, Watt J,
Harriman K; Centers for Disease Control and
Prevention (CDC). Measles outbreak--California,
December 2014-February 2015. MMWR Morb
Mortal Wkly Rep[Internet] . 2015 Feb 13; [cited 2023
Aug 28] ; 64(6):153-4. Erratum in: MMWR Morb
Mortal Wkly Rep[Internet]. 2015 Feb 27[cited 2023
Aug 28]; 64(7):196. Available
from: https://www.cdc.gov/mmwr/preview/mm
wrhtml/mmé6407all.htm?s cid=mmé6407all w Pu
bMed | Google Scholar

Pike J, Melnick A, Gastaiiaduy PA, Kay M, Harbison
J, Leidner AJ, Rice S, Asato K, Schwartz L, DeBolt
C.Societal Costs of a Measles Outbreak . Pediatrics
[Internet]. 2021 Apr 1 [cited 2023 Aug 14];147(4):
€2020027037. https://doi.org/10.1542/peds.2020-
027037 PubMed | Google Scholar



https://linkinghub.elsevier.com/retrieve/pii/S2772707622001126
https://linkinghub.elsevier.com/retrieve/pii/S2772707622001126
https://linkinghub.elsevier.com/retrieve/pii/S2772707622001126
https://doi.org/10.1016/j.ijregi.2022.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Nsubuga%20EJ%5bauthor%5d+AND++Measles+outbreak+in+Semuto+Subcounty+Nakaseke+District+Uganda+June-August+2021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Nsubuga%20EJ%5bauthor%5d+AND++Measles+outbreak+in+Semuto+Subcounty+Nakaseke+District+Uganda+June-August+2021
http://scholar.google.com/scholar?hl=en&q=+Measles+outbreak+in+Semuto+Subcounty+Nakaseke+District+Uganda+June-August+2021
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6406a5.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6406a5.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6407a11.htm?s_cid=mm6407a11_w
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6407a11.htm?s_cid=mm6407a11_w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Zipprich%20J%5bauthor%5d+AND++Measles+outbreak--California+December+2014-February+2015%5bInternet%5d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Zipprich%20J%5bauthor%5d+AND++Measles+outbreak--California+December+2014-February+2015%5bInternet%5d
http://scholar.google.com/scholar?hl=en&q=+Measles+outbreak--California+December+2014-February+2015%5bInternet%5d
https://publications.aap.org/pediatrics/article/147/4/e2020027037/180774/Societal-Costs-of-a-Measles-Outbreak
https://doi.org/10.1542/peds.2020-027037
https://doi.org/10.1542/peds.2020-027037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Pike%20J%5bauthor%5d+AND++Societal+Costs+of+a+Measles+Outbreak
http://scholar.google.com/scholar?hl=en&q=+Societal+Costs+of+a+Measles+Outbreak

Table 1: Demographic Characteristics of Measles cases in Buah health district, Grand Kru County, February

to April 2020

Characteristics Frequency (N=178) Percentage (%)
Gender

Female 102 57.3
Male 76 42.7
Age (Years)

0-4 70 39.3
5-9 50 28.1
10-14 33 18.6
15-19 10 5.6
>20 15 8.4
Vaccination Status

Vaccinated 37 21.0
Not Vaccinated 140 79.0
Community of resident

Parluken 116 65.2
Forpoh Wropluken 25 14.1
Jlateken 15 8.4
Planplanken 6 3.4
Chewriken 4 2.2
Sieken 3 1.7
E. Man Village 2 1.1
Others 7 39
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Table 2: Distribution of signs and symptoms among cases in Buah district, Grand Kru County, February to April

3(1);1(1) and symptoms Number of cases Percent
Fever 178 100
Maculopapular rash 178 100
Red eyes 178 100
Running nose 167 93.8
Cough 128 71.9
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Figure 1: Diagram of reporting flow chat for the surveillance system in Liberia
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Figure 2: Diagram of laboratory confirmation of specimen collection and testing in Liberia
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Figure 3: Measles cases reported in Buah health district, Grand Kru County, February - April 2020
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