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Abstract

Background: Measles is a highly infectious and serious respiratory viral disease which caused by a virus. It is a
significant cause of illness and death worldwide. This data analysis was conducted to describe the trend and
determine the reporting rate of measles cases in Addis Ababa to make recommendation for the government of the
city to strengthening measles control interventions.

Methods: We obtained and extracted ten years (2005–2014) Addis Ababa city’s measles surveillance data from
national database. We carried out retrospective descriptive data analysis by time, place and person variables. We
calculated cumulative and specific reporting rates by dividing measles cases (lab confirmed, epidemiologically
linked and compatible cases) to respective population and multiplying by 100,000. We divided average of ten years
measles cases to midyear population and multiplied by 100,000 to calculate annualized reporting rate. We analyzed
non-measles febrile rash rate by dividing laboratory negative cases to total population and multiplying by 100,000.

Results: A total of 4203 suspected measles cases were identified. Among them 1154 (27.5%) were laboratory
confirmed, 512 (12.2%) were clinically compatible, 52 (1.2%) were epidemiologically linked cases and the rest 2485
(59.1%) were IgM negative for measles which makes total measles cases 1718 (40.9%). Median age was 5 years with
2–18 years interquartile-range. The annualized measles reporting rate was 5.9, which was 40.2 among > 1 year, 11.5
among 1–4 years, 6.0 among 5–14 years, 4.1 among 15–44 years and 0.01 among ≥ 45 years per 100,000 population.
Among the total measles cases; 380 (22%) were received at least one dose of measles containing vaccine (MCV) while
415 (24%) cases were not vaccinated and the vaccination status of 923 (54%) cases were not known.

Conclusion: Our analysis revealed that the reporting rate was higher among young children than older age group.
Among all the patients 22% were received at least one dose of measles vaccine whereas 13% were not vaccinated
against measles antigen. Routine immunization should be strengthened to reach all children through well monitored
vaccine cold chain management.
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Background
Measles is a vaccine preventable, highly infectious and ser-
ious respiratory disease caused by measles virus [1–3]. It
is illustrated by a prodrome of fever (as high as 105 °F)
and malaise, cough, coryza, and conjunctivitis, followed by
a maculopapular rash [4]. The rash typically appears
14 days after exposure to the virus and spreads from head
to trunk to lower extremities [5]. It is highly communic-
able disease that is a significant cause of illness and death
worldwide [6, 7]. It is transmitted from person to person
through air, droplet or by direct contact with the nasal
and throat secretions of infected persons [8]. After expos-
ure to the virus, up to 90% of susceptible persons develop
measles infection [9].
Measles vaccination has markedly reduced the inci-

dence of measles virus infection and is one of the most
successful global public health interventions; it prevents
millions of deaths annually, primarily among infants and
young children [10]. In Africa before the introduction of
measles vaccination, measles was mostly a disease affect-
ing young children, and more than 1 million cases were
reported annually [11]. Number of measles cases de-
creased by 81%, from 520,102 cases in 2000 to 98,621
cases in 2015. Measles incidence rate decreased by 85%,
from 841 cases in 2000 to 100 cases in 2015 per million
population in African region with estimated 85% mortal-
ity reduction from 2000 to 2015 [12].
Ethiopia adopted the African regional accelerated mea-

sles control strategies to reduce measles mortality in
2002. Routine measles vaccination is provided to infants
at 9 months of age and a second opportunity for measles
vaccination through supplementary immunization activ-
ities (SIAs), targeting children aged 6 months to14 years
[13, 14]. Routine immunization services are provided in
most of the health facilities and in outreach services for
communities residing beyond 5 km from the static
health facilities by trained health workers. Currently, all
public health facilities providing immunization services.
Some private hospitals in Addis Ababa also providing
immunization activities. The program is funded primar-
ily by partners and Government and provided free of
charge in public health facilities and facilities supported
by Non-Governmental Organizations (NGOs). The part-
ners largely channel their funds through UNICEF and
WHO [15].
In Ethiopia, measles is one of nationally immediately

notifiable diseases [16] that all health facilities (private
and public) are expected to report to the next level pub-
lic health agency using the aforementioned case defini-
tions. Clinicians (internist, general practitioners, nurses,
health officers) reported suspected measles cases with
blood serum samples using case-based reporting form to
Ethiopian Public Health Institute for laboratory analysis
[13]. Ethiopian Public Health institute is mandated by

councils of ministers regulation to conduct surveillance
and laboratory investigations on epidemic prone diseases
including measles [13, 17].
We conducted a retrospective data analysis to describe

trend and reporting rate of measles cases by time and
age group and assess the vaccination status of measles
cases in a metropolitan city, Addis Ababa. It is also to
identify measles surveillance and immunization gaps to
make possible recommendations for the city government
to strengthen measles detection, control and prevention
interventions.

Methods
We performed retrospective descriptive data analysis on
measles routine surveillance data reported from 2005 to
2014 from Addis Ababa City. Addis Ababa is a capital of
Ethiopia which divided in to ten sub-cities. The city is
enclosed by Oromia regional state zones’ in all directions
(Fig. 1). As per the 2007 census projection the total popu-
lation of Addis Ababa is estimated to 3,167,035 for 2014.
We obtained and extracted 10 years (2005–2014) Addis

Ababa’s measles surveillance data from Ethiopian Public
Health Institute (EPHI) national surveillance database. We
defined suspected measles cases as any person with fever
and maculopapular (nonvesicular) generalized rash and
cough, coryza or conjunctivitis (red eyes) which are diag-
nosed by clinician OR any person in whom a clinician sus-
pects measles: We also further classified the suspected
measles cases collected through surveillance into four cat-
egories as per the national and WHO guidelines. 1) Labora-
tory confirmed measles cases: Is a suspected measles cases
which has laboratory results indicating measles IgM posi-
tive. 2) Epidemiologically linked measles case: A suspected
measles case that has not had a blood specimen taken for
serologic confirmation and is linked (in place, person and
time) to a laboratory confirmed case; i.e., living in the same
or in an adjacent district with a laboratory confirmed case
where there is a likelihood of transmission; onset of rash of
the two cases being within 30 days of each other. 3) Com-
patible case is a suspected case which has not been ad-
equately investigated. 4) Discarded measles case: is a
suspected measles case which, upon adequate investigation
that includes a blood specimen collected in the appropriate
time frame, lacks serologic evidence of a measles virus in-
fection or measles IgM negative cases [13, 18, 19]. We con-
sidered the sum of laboratory confirmed, clinically
compatible and epidemiologically confirmed cases as mea-
sles. Only a person received at least one dose of measles
containing vaccine (MCV) is considered as vaccinated
against measles.
We performed data cleaning and checked for duplica-

tion by patient name, sex, age, residence area, date of on-
set, date seen at health facility and date sample collection.
We used the 2007 population census [20] projection as
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Fig. 1 Map showing Addis Ababa Sub cities (Source: Shapefile from Ethiopian Karta Agency)

Table 1 Category of measles, reporting rate and non-measles febrile rash illness rate per 100,000 population by year, Addis Ababa,
2005–2014

Year Suspected Cases Confirmed by lab Epi linked Compatible Discarded Total Measles Non-Measles Rash
case Rate

Median age Age IQR

2005 148 6 0 4 138 10 5.2 5 4–9

2006 422 141 17 8 256 166 9.6 6 2–17

2007 188 65 0 1 122 66 4.5 6 2–15

2008 228 43 4 5 176 52 6.3 3 1–7

2009 241 43 22 80 96 145 3.4 6 3–9

2010 749 238 0 283 228 521 7.8 6 1–15

2011 315 77 8 40 190 125 6.4 7 1–21

2012 553 36 0 4 513 40 16.9 7 2–17

2013 653 237 0 14 402 251 13.0 12 4–20

2014 706 268 1 73 364 342 11.5 10 3–16

Total 4203 1154 52 512 2485 1718 8.6 5.0 2–18
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denominator in calculating cumulative and age, sex and
area specific measles reporting rates. We divided the num-
ber of measles cases to population and multiplied by
100,000 to calculate cumulative reporting rate. We divided
age, year, and area specific measles cases to respective
population and multiplied by 100,000 to calculate specific
reporting rates. We also divided average of ten years mea-
sles cases to midyear population and multiplied by
100,000 to calculate annualized reporting rate. We also
determined non-measles febrile rash case rate by dividing
discarded or laboratory negative suspected measles cases
to population and multiplying by 100,000. We used Arc
Geographic Information System (GIS) version 10.2 to in-
dicate study area.

Results
From 2005 to 2014, a total of 4203 suspected measles
cases were reported from ten sub-cities of Addis Ababa.
Among the total suspected measles cases; 1154 (27.5%)
were laboratory confirmed measles cases, 512 (12.2%)

were clinically compatible measles cases, 52 (1.2%) were
epidemiologically linked measles cases and the rest 2485
(59.1%) were measles IgM negative cases. Hence, total
measles cases (laboratory confirmed, clinically compat-
ible case and epidemiologically linked measles cases)
were 1718 (40.9%). Among 1787 measles cases; 1442
(84%) were outpatient visits while the rest 276 (16%)
were inpatient with two deaths attributed to measles
which makes CFR 0.12%. Median age for measles cases
was 5 years and interquartile range was 2–18 years. Of
the total measles cases 274 (16%) were under 1 year, 405
(24%) were 1–4 year, 525 (31%) were 5–14 year, 513
(30%) were 15–44 and 1 (0.1%) were above 44 years.
The non-measles febrile rash case rate increased from
3.4 in 2009 to 11.1 in 2014 per 100,000 population hav-
ing an average of 8.6 annualized non-measles febrile rash
case rate in ten years (Table 1).
The annualized measles reporting rate was 5.9 per

100,000 population. The annualized reporting rate was
40.2 among less than one-year age, followed by 11.5
among children from 1 to 4, 6.0 among 4–14 years, 4.1
among 15–44 and 0.3 among 45 years and above per
100,000 population. Relatively the reporting rate was
high in Akaki Kality sub-city followed by Kolfe Keranio
sub-city (7.4 and 7.3 measles cases per 100,000 popula-
tion respectively). The reporting rate was decreasing as
the age group increasing in all sub-cities (Table 2).
Annual measles reporting rate was different from year

to year. Relatively, reporting rate was high in 2010
followed in 2014, 2013 and 2006 which is 18, 11, 8 and 6
cases per 100,000 population respectively. The lowest
proportion of laboratory confirmed measles cases were
reported in July while the highest proportion of the cases
were reported in October and December (Figs. 2 and 3).
The annual reporting rate was relatively high among
under one-year age groups followed among 1–4 years
across ten years ((Table 3, Fig. 4).

Table 2 Annualized measles reporting rate per 100,000
population by sub city and age group, Addis Ababa, 2005–2014

Region < 1 1–4 5–14 15–44 44+ Annualized

Addis Ketema 44.1 10.6 5.0 2.4 – 4.9

Akaki Kaliti 17.7 9.0 10.5 6.3 – 7.4

Arada 53.0 8.8 7.6 3.1 – 6.0

Bole 40.3 12.3 4.7 5.6 – 6.3

Gullele 48.1 16.2 6.8 4.0 – 6.9

Kirkos 52.7 11.6 5.1 3.0 – 5.5

Kolfe Keranio 51.5 12.8 6.4 5.6 – 7.1

Lideta 47.8 11.1 5.4 2.8 – 5.4

Nifas Silk Lafto 25.4 11.0 5.6 4.0 0.2 5.4

Yeka 22.0 9.4 4.5 3.5 – 4.5

Annualized 40.2 11.5 6.0 4.1 0.0 5.9

Fig. 2 Trends of Measles Cases by Classification by Months, Addis Ababa, 2005–2014
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Among the 1718 measles cases; 380 (22%) were re-
ceived at least one dose of measles containing vaccine
(MCV) while 415 (24%) were not vaccinated and the rest
923 (54%) vaccination status were not known. From the
total 1154 laboratory confirmed measles cases; 164
(14%) were took at least one doses of measles vaccine,
280 (24%) were not vaccinated and the vaccination sta-
tus of 710 (62%) were not known (Table 4).

Discussion
We found that measles cases and reporting rates have
been increased in Addis Ababa city from 2005 to 2014.
The reporting rate was increased to topmost in 2010
followed by in 2014 and 2013. Corresponding to the in-
crement of the reporting rate, non-measles rash illness
rate was also increased by two folds. The increment of

the non-measles febrile rash illness rate is an indicator
for the sensitivity of the surveillance system. We believe
that the increment of the cases and reporting rate of
measles observed might be attributed to the sensitivity
of surveillance system. The reporting or non-measles fe-
brile rash illness rate was found to be greater than mini-
mum WHO requirement which ≥2 per 100,000 per year
[18, 19] which indicates that the measles surveillance
system is sensitive in the capital. In addition, prolonged
outbreak between 2013 and 2014 significantly increases
measles reporting rate (Fig. 2). We also believe that in-
crement of the reporting rate was might be also attrib-
uted to unvaccinated children over years. We have also
observed that, reporting rate of measles was relatively
low in July and August and start increasing from Sep-
tember over years. This is coexistence with school clos-
ure in July and August and reopening in September

Fig. 3 Trends of laboratory confirmed measles cases by month, Addis Ababa, 2005–2014

Table 3 Measles reporting rate per 100,000 population over years by age group, Addis Ababa, 2005–2014

Year Age group specific measles incidence rate Annual incidence
arte< 1 year 1–4 years 5–14 years 15–44 years > 44 years

2005 – 0.9 0.8 0.1 – 0.4

2006 33.2 15.8 4.3 5.0 – 6.2

2007 12.4 5.7 2.3 1.7 – 2.4

2008 16.7 5.8 1.3 0.8 – 1.9

2009 17.8 13.7 7.4 1.7 – 5.1

2010 146.8 39.0 15.7 11.3 – 17.9

2011 34.2 8.8 3.0 3.3 – 4.2

2012 9.8 2.7 1.1 1.0 – 1.3

2013 38.2 9.7 8.7 7.7 0.3 8.1

2014 83.0 11.6 13.7 7.6 – 10.8

Annualized 40.2 11.5 6.0 4.1 0.03 5.9
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which might be contributing risk factors. Evidence from
other study demonstrated a clear peak in transmission of
measles which is coinciding with the start of the school
calendar and decrease during vacation [21].
The study revealed that, the CFR is lesser as compared

with other studies in Africa [22, 23]. The comprehensive
community based study by WHO indicated that the
CFR in Sudan, Ethiopia, Kenya and Tanzania ranged
from 3 to 4% [24] which is much higher. The lower the
case fatality rate in this finding might be attributed with
the improvement of early case detection, clinical treat-
ment and access to health care deliveries in Addis Ababa
which needs further investigation.
The analysis showed that, all age groups were affected

having median age 5 and Interquartile age range 2–
18 years. The study conducted in Malawi on measles out-
break indicates that Median age of case-patients was
7 years (Interquartile range 1–16) which supported our
finding [25]. Our finding further revealed that the report-
ing rate was high in lower age groups. Infants < 1 year of
age were mostly affected (40/100,000) followed by chil-
dren 1–4 years (11/100,000), 5–14 years (6/100,000), 15–
44 Years (4/100,000) and 45+ years (0.3/100,000). The
previous study in Addis Ababa indicates that the Sero-
negative prevalence decreased from 66% in infants less

than 9 months of age to 20.4% in 9–59 month old, 4.9% in
5–14 years old, and 0.7% in adults (15–49 years) which
supported our finding [26]. We observed that the trends
in measles reporting rate in different age groups over years
was follow similar trend. We did not observed shift over
time in age groups. In each year infants under five were
mostly affected (Fig. 3).
In our analysis, we found that 24% of the measles

cases were not received measles vaccine while the vac-
cination status of significant portion, 54%, of the cases
were not known. Furthermore, from the laboratory con-
firmed measles cases again 24% were not vaccinated and
the vaccination status of 62% were not known (Table 4).
This suggests that, there is some gaps in routine vaccin-
ation coverage. Even in the areas where the vaccination
coverage at 9th month is 100%, the effectiveness of mea-
sles vaccine is only 85% with single dose [27, 28]. In
Ethiopia 1st dose measles vaccine has given at the age of
9 months [13] whereas there is no 2nd dose routine vac-
cination schedule. The second opportunity is only
through supplementary immunization activities. In this
finding, from all laboratory confirmed cases, only 2% re-
ceived two and more disease of measles vaccine.
We believe that, there are sufficient health facilities

with better health care deliveries including vaccination

Fig. 4 Trends of measles reporting rate per 100,000 population over years by age group, Addis Ababa, 2005–2014

Table 4 Measles cases vaccination status (number/percent) versus final case classification, Addis Ababa, 2005–2014

Vaccination Status Confirmed by lab Epi link cases Compatible cases Total Measles IgM Negative Total

One dose 135 (12) 4 (8) 172 (34) 311 (18) 840 (34) 1151 (27)

Two doses 16 (1) 0 (0) 25 (5) 41 (2) 356 (14) 397 (9)

> 2 doses 13 (1) 0 (0) 15 (3) 28 (2) 83 (3) 111 (3)

At least one dose 164 (14) 4 (8) 212 (41) 380 (22) 1279 (51) 1659 (39)

Unknown 710 (62) 12 (23) 201 (39) 923 (54) 1066 (43) 1989 (47)

Unvaccinated 280 (24) 36 (69) 99 (19) 415 (24) 140 (6) 555 (13)

Total 1154 (100) 52 (100) 512 (100) 1718 (100) 2485 (100) 4203 (100)
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services are available in Addis Ababa as compared with
other areas of the country. However, the increment of
the reporting rate and occurrences of measles outbreak
in Addis Ababa city indicates that the vaccination activ-
ities and other measles prevention and control interven-
tions has limitation in the capital.
This study on retrospective measles surveillance data

has some limitations. As we used secondary surveillance
data, we could not have mentioned how vaccination sta-
tus of cases were obtained. Hence, vaccination status of
the cases was not validated. The number of measles
cases and its epi-classification used in this study was
based on available surveillance data which might be less
representative because of lack of sensitivity of measles
surveillance. Contributing risk factors for not vaccinat-
ing children in Addis Ababa were also not determined
as risk determinants were not available in the data. Vac-
cine cold chain quality was also not accessed as we used
secondary surveillance data.

Conclusions
In summary, measles infection remains a problem to hu-
man especially to children including in the area where
health care service is accessible. Our analysis revealed
that the measles reporting rate was higher among young
children than older age group in the capital of Ethiopia,
Addis Ababa. Among all the patients associated with
measles, 22% were received at least one dose of measles
vaccine, whereas 22% were not vaccinated against mea-
sles antigen and the vaccination status of significant pa-
tients were not known. Routine immunization program
needs to be evaluated and should be strengthened to
reach all children through well monitored vaccine cold
chain management and improve data quality to avoid
unknown vaccination status.
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