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Abstract: Diarrheal diseases are one of the leading causes of illness and death in children less than 5 years of
age, particularly those in low-income countries. Rotavirus alone caused an estimated death of 214806, 121009
and  6800  in  children under 5 years of age globally, in Sub-Saharan Africa and Ethiopia respectively in 2013.
On January 11, 2019, a suspected  Rotavirus  outbreak  was  reported  to  the  zonal  health  department. We
investigated the outbreak to identify associated risk factors and to implement control measures. Method: an
unmatched case-control study was conducted from Jan 30-Feb 12, 2019 in Kurmuk woreda. Five stool samples
were collected and tested using ELISA techniques for confirmation. A structured questionnaire was developed
to collect cases and controls. A total of 144 study participants with 1:2 case to controls were selected. Data were
analyzed using Epi-Info and the results were interpreted using Adjusted Odds ratio, P value <0.05 and 95% CI.
Result: A total of 231 cases and 2 deaths were identified during the outbreak period with AR of 60.3/1000
population and CFR of 0.87%. All of the cases were under-five children and about 21.2% (49) cases were
unvaccinated. In multivariate logistic regression, contact with cases (AOR: 8.58, 95%CI: 3.02-24.41, P: 0.0001)
failure to practice handwashing at least three critical times (AOR: 2.94, CI: 1.12-7.69, P: 0.0281) were risk factors.
On the other hand, vaccination (AOR: 0.29, 95%CI: 0.11-0.75, P: 0.0108) and history of similar illness (AOR: 0.18,
95%CI: 0.05-0.62, P: 0.0068) were found to be protective factors. Conclusion: A confirmed Rotavirus outbreak
occurred. Contact with cases and failure to practice hand washing at least three critical times per day were
associated with developing Rotavirus infection whereas being vaccinated and having previous history of
Rotavirus infection were protective factors. Therefore, community health education and good hygiene practices
combined with improved Rotavirus vaccination coverage would prevent future outbreak of the disease.
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INTRODUCTION Africa respectively [7]. Rotavirus infection was

Diarrheal diseases are one of the leading causes of million  episodes  of  diarrhea among children younger
illness and death in children <5 years of age, particularly than 5 years throughout the world in 2016 an incidence of
those in low-income countries and cause >500, 000 deaths 0.42 cases per child-year, with 104 733 deaths occurring
per year globally [1-3]. Among these diarrheal diseases in sub-Saharan Africa [8].
are  Rotaviruses  which are ubiquitous and infect almost Diarrhea is a leading killer of children in Ethiopia,
every child globally by 3–5 years of age [4, 5]. In 2003, 114 causing approximately 14 percent of deaths in children
million cases of rotavirus infection were reported in less than five years of age [9]. Rotavirus, the most
children <5 years of age globally, of which 24 million common cause of severe and fatal diarrhea in young
cases required outpatient visits and 2.3 million cases children worldwide, took the lives of more than 6800
required hospitalization[6]. In 2013, rotaviruses were Ethiopian children under five in 2013 [7]. Ethiopia is one
associated with an estimated 214, 806 and 121, 009 deaths of top 10 countries with the greatest rotavirus burden
in children <5 years of age globally and in Sub-Saharan worldwide and accounts for 3.2% percent of all rotavirus

responsible for an estimated 128 500 deaths and 258
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deaths globally [7]. It is estimated that 28 percent of all surface area coverage of 1437.7 Sq.Km and annual
under-five  diarrheal  disease hospitalizations in Ethiopia average rain fall ranges from 700ml-1000ml and
are caused by Rotavirus [10]. In Kurmuk district of temperature (26°C-35°C). The district has one functional
Benishangul-Gumuz region, Rotavirus outbreak has been health center and 11 health posts. 
happening since February 2017 with 585 cases and CFR of
2.4% and in 2018 starting from 11  January with 444 cases Study Design: Unmatched case control study designth

and CFR of 0.2% [11]. supported by descriptive study was employed to
Live  attenuated  oral  vaccines  against  rotavirus investigate the Rotavirus outbreak in Kurmuk district.

were licensed for global use in 2006 and are used in more
than 100 countries worldwide [12]. Although the Study Population: All under-five children living in the
introduction of vaccines has reduced the number of outbreak affected kebeles of Kurmuk district,
rotavirus-associated deaths, the effectiveness of licensed Benishangul-Gumuz regional state.
vaccines is suboptimal in low-income countries, in which,
rotavirus gastroenteritis still results in >200, 000 deaths Sampling Technique and Sample Size: A simple random
annually [7]. In another study, the vaccine use is sampling technique was used to select respondents for
estimated to have averted more than 28?000 deaths among this case- control study. A line listed cases were selected
children younger than 5 years and expanded use of the randomly and controls neighboring with cases were also
rotavirus vaccine, particularly in sub-Saharan Africa, selected. When there were more than two eligible
could have prevented approximately 20% of all deaths neighbor controls for a case, lottery method was used to
attributable  to  diarrhea  among  children  younger  than take the first two. Accordingly with a ratio of one case to
5 years [8]. The rotavirus vaccine was introduced in the two  controls,  a  total  144  respondents  were selected.
Ethiopian  national  infant immunization program since To determine sample size an OR of 2.9 and exposure of
November 2013 [13]. The introduction of Rotavirus 35% in controls and 61% in cases were used from
vaccination in Ethiopia reduced the occurrence of the previous study [15] with 95% CL and 80% power. 
disease by 17% from 24% during the pre-vaccine period
in 2011-2013 to 20% in post-vaccine periods of five Data Collection Method: A structured questionnaire was
consecutive years from 2014-2017 [14]. Regardless of this used  to  interview  the guardians of cases and controls.
reduction and continued vaccination of the children, By using the line list and health extension workers, we
Rotavirus outbreaks are occurring in different parts of the went door to door to interview parents or guardians of the
country with the current report of outbreak in Kurmuk study participants. Information regarding demographic
district of Benishangul-Gumuz region. The objective of characteristics, clinical history and risk factors were
this investigation was to confirm the existence of an collected. In addition to this, documents regarding
outbreak, to describe it in place, person and time and to previous outbreaks were assessed and discussion about
identify possible risk factors for the occurrence of this the overall outbreak situation was conducted with
Rotavirus outbreak. regional, zonal and district Public Health Emergency

MATERIALS AND METHODS

Study Area and Period: The study was conducted from collected from children with diarrhea and vomiting. The
Jan 30/2019 to Feb 12/2019 in Kurmuk district of collected samples were transported to National Polio and
Benishangul-Gumuz regional state. The district is one of Measles laboratory at Ethiopian Public Health Institute
the 8 districts in Assosa zone consisting 14 rural and 2 (EPHI) and Enzyme-linked Immunosorbent Assay (ELISA)
urban kebeles with a total population of 23, 669. Of the technique was used to confirm the presence of Rotavirus
total district population, 12, 035(50.8%) were males. antigen in stool samples.
Majority 20, 988 (88.7%) population live in rural area.
Children  under  five age constituted 3829 (16.2%) of total Statistical Data Analysis: The data was collected,
district population. The district is bordered by Sherkole entered, edited and analyzed using Epi-Info version 7.2.1.0
district in the North, Homosha district in the East, Assosa software. Descriptive statistics from line listed cases was
district  in  the  South  and  North  Sudan  in  the West. produced using Microsoft excel 2013. Bivariate and
The district has lowland agro-ecological zone with total multivariate  logistic  regressions analyses were applied to

management (PHEM) officers.

Laboratory Method: A total of five stool samples were
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Fig. 1: Administrative map of BGR, Assosa zone and Kurmuk district

determine possible risk factors for an outbreak. Factors Controls: Any child under five years of age without
with P value <= 0.05 in bivariate analysis and biologically diarrhea and vomiting and resident of Kurmuk
plausible were included in multivariate logistic regression Woreda within period of Dec 22, 2018 to Feb 9, 2019.
and the result was interpreted using Adjusted Odds ratio,
P value <0.05 and 95% confidence interval. Results for Ethical Issues: A formal letter was delivered to
both descriptive  and analytic statistics were displayed Benishangul-Gumuz regional PHEM department from
using tables and graphs. Geographical maps used in this EPHI and then Regional PHEM in turn wrote a formal
document were produced by using ArcMap 10.4.1. letter to Kurmuk district health office for the outbreak to

Case Definitions: obtained from study participants.

Suspected case: Any child under five years of age RESULT
with sudden onset of diarrhea with vomiting, two or
more episodes within 24 hours, from Dec 22, 2018 to Descriptive Epidemiology: A total of 231 Rotavirus cases
Feb 9, 2019 and residence of Kurmuk Woreda. with 10(4.33%) hospitalization were reported in Kurmuk
Confirmed case: A suspected case in whose stool the district from Dec. 22  2018 up to Feb 9  2019 in children
presence of Rotavirus is demonstrated by means of under the age of 5 years. The overall attack rate of the
an ELISA. outbreak was 60.3 per 1000 population. Two deaths were

be investigated. Written informed consent was also

nd th
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reported from the districts of two different kebeles with Description by Time: As shown in the Fig. 3, intervention
overall CFR of 0.87%. The index case was 11 months old was started lately because of delayed report from health
male child from Dull-Shitallo Kebele reported on 22  of facilities to the district health office. Health facilitiesnd

Dec 2018 from the Health post. All (100%) of cases continued managing patients as usual like other diarrheal
reported had watery diarrhea, 93(40.26%) vomiting and diseases for more than two weeks after the first case with
53(22.94%) had fever. About 182(79%) of cases were watery diarrhea and vomiting had visited health post at
vaccinated for Rotavirus and the administrative Dull-Shitallo Kebele on 22 Dec 2018. 
vaccination coverage of woreda was 86% as of December But when the cases were increasing from day after
2018. day, they started suspecting Rotavirus outbreak and

All of the samples collected were tested by using informed the district health office. Accordingly the district
ELISA technique and all of them were positive for PHEM officer informed the zonal health department and
Rotavirus antigen. The remaining cases were linked zonal health department to the regional PHEM department
epidemiologically.  From  the  total of 29 Expanded on 11  Jan 2019. It was after this the zonal and regional
Program on Immunization (EPI) refrigerators in woreda, PHEM departments jointly deployed Rapid Response
only 16 refrigerators were functional. Team (RRT) to the suspected Rotavirus outbreak area.

Description by Person: From the total reported Rotavirus number of cases were recorded on 13-01-2019, the date
cases, 131(56.7%) of them were males with the mean age that intervention started. This increase of new cases was
of 17.33 months (SD=11.87) and 117(50.6%) were in the related with community mobilization activities and
age group of 12-35 months (Table 1). enhancing surveillance.

Males were more affected than females with an attack
rate of 67.3 cases per 1000 population. Children under the Public Health Intervention: Cases were managed at health
age of one year were more affected with AR of 121.2 cases post and health centre levels with ORS, Zinc and
per 1000 population and CFR of 2.3% (Table 3). supportive treatment. There was shortage of medical

Description by Place: The Rotavirus cases were reported region, zone and also the district purchased some
from 15 kebeles out of 16 kebeles found in Kurmuk supplies from Pharmaceutical Supply Agency. The main
Woreda. Among the total cases, 46 (19.91%) and challenges were shortage of beds for admission and
37(16.02%) were reported from Dull-Shitallo and B/Jiblla treatment.
Kebeles respectively (Fig. 2). Surveillance was enhanced with house to house

Table 1: Distribution of Rotavirus cases by sex and age group in Kurmuk
district, 2019

Variable Frequency Percent
Sex
Male 131 56.7
Female 100 43.3
Total 231 100.0
Age group (Months)
<12 88 38.1
12-35 117 50.6
36-59 26 11.3
Total 231 100.0

Table 3: AR/1000 and CFR by sex and age group in Kurmuk district,
BGR, Ethiopia, 2019

Variable Popn. at risk Cases Deaths AR/1000 CFR
Sex
Male 1947 131 1 67.3 0.76% 96 controls. Majority of study participants both in cases
Female 1882 100 1 53.1 1%
Age group (Months)
<12 726 88 2 121.2 2.3%
12-35 1504 117 0 77.8 0
36-59 1599 26 0 16.3 0
Total 3829 231 2 60.3 0.87%

th

The outbreak continued for six weeks and the highest

supplies initially but later on supplies were sent from the

active case search, active case search on facility registers,
provision of case definition and orientation, contact
tracing  and  follow  up,  institution  of  daily reporting
from facilities and community including zero reports.
Social mobilization and health education was undertaken
in the affected kebeles through the Health Development
Agents (HDAs) and one to five community networking.
Health education on the signs and symptoms, mode of
transmission and on the need to seek health care was
provided through meetings at school, religious
institutions and market places. 

Analytical Epidemiology: A total of 144 study participants
were include in this case control study with 48 cases and

(56.25%) and controls (58.33%) were females with mean
age of 27.46±15.37 and 27.88 ±15.39 months respectively.

Both bivariate and multivariate logistic regression
analyses  were  conducted   to   determine   risk  factors
for the outbreak of the disease. All factors which were
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Fig. 2: Proportion of Rotavirus cases reported by Kebeles during outbreak, Kurmuk, 2019

Fig. 3: Date of onset of diarrhea/Vomit for Rotavirus outbreak from Dec 22  2018 to Feb 9  2019nd th

Table 5: Bivariate and multivariate logistic regression for Rotavirus outbreak in Kurmuk district, BGR, 2019.
Bivariate analysis Multivariate analysis

Variable Category Case Control COR (95% CI) P-v AOR (95% CI)
Contact with sick Yes 33(68.8%) 36(37.5%) 3.67(1.75-7.66) 0.0006 8.58(3.02-24.41)

No 15(31.3%) 60(62.5%)
Vaccinated Yes 23(47.9%) 72(75%) 0.31(0.15-0.64) 0.0015 0.29(0.11-0.75)

No 25(52.1%) 24(25%)
History of similar illnesses last year Yes 5(10.4%) 36(37.5%) 0.19(0.07-0.53) 0.0015 0.18(0.05-0.62)

No 43(89.6%) 60(62.5%)
Traditional gold mining Yes 40(83.3%) 51(53.1%) 4.41(1.87-10.41) 0.0007 6.34(2.15-18.71)

No 8(16.7%) 45(46.9%)
Exclusive breast feeding Yes 25(52.1%) 68(70.8%) 0.45(0.22-0.92) 0.028 0.59(0.22-1.54)

No 23(47.9%) 28(29.2%)
Know advantage of vaccination Yes 37(77.1%) 86(89.6%) 0.39(0.15-1.00) 0.05 0.33(0.09-1.29)

No 11(22.9%) 10(10.4%)
Practice hand washing at least 3 times Yes 23(47.9%) 72(75%) 0.31(0.15-0.64) 0.0015 0.34(0.13-0.89)

No 25(52.1) 24(25%)
Have latrine Yes 38(79.2%) 89(92.7%) 0.30(0.11-0.84) 0.0227 0.71(0.19-2.66)

No 10(20.8%) 7(7.3%)
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statistically significant in bivariate analysis were included of the equator, eight of the ten locations exhibited no
into the final mode of multivariate logistic regression seasonal trend [21]. A study in Ukraine showed that an
analysis to determine potential risk factors (Table 5). increase in Rotavirus prevalence was noticed in winter

In multivariate logistic regression, contact with cases months [22] which is similar with the current outbreak.
(AOR: 8.58, 95%CI: 3.02-24.41, P: 0.0001) and traditional Vaccination is the best way to prevent severe
gold  mining (AOR: 6.34, 95%CL: 2.15-18.71, P: 0.0008) rotavirus disease and the deadly, dehydrating diarrhea
were found to be risk factors. The region especially the that it causes. In high and middle-income countries,
district where the Rotavirus outbreak happened is known rotavirus vaccines confer 85-100% protection against
with high deposit of gold mineral that the community has severe disease, while in low-income regions of Africa and
been practicing traditional gold mining. This practice Asia, protection is less, at 46-77% [23]. In the current
brought a negative effect in child caring that parents left study, being vaccinated was protective against Rotavirus
their children alone the whole day without care giver for infection, which reduced the occurrence of a disease by
mining. This in turn cause children to spend the day 71% among vaccinated groups. After the introduction of
together which increases the chance of contact between vaccine in Thailand, Rotavirus related hospital admissions
sick and healthy individuals. were reduced by 40%-69% [24]. Similarly, following the

On the other hand, vaccination (AOR: 0.29, 95%CI: vaccine introduction in Kenya, the proportion of children
0.11-0.75, P: 0.0108), history of similar illness (AOR: 0.18, aged <5years hospitalized for rotavirus declined by 30%
95%CI: 0.05-0.62, P: 0.0068) and practicing hand washing in the first year and 64% in the second year. Reductions
at  least  three  critical  times  (AOR:  0.34,   CI:  0.13-0.89, in  rotavirus  positivity  were  most pronounced among
P: 0.0281) were found to be protective factors. Presence of the vaccine-eligible group (<12months) in the first year
first infection in children reduced the occurrence of the post-vaccination at 42%. Greater reductions of 67% were
disease by about 82% after the infection which is proxy seen in the second year in the 12-23 months age group
indicator for the development of immunity after first [25]. In contrary to this, diarrhea hospitalizations by 17%
infection of Rotavirus (Table 5). from 24% in the pre-vaccine period to 20% in post-vaccine

DISCUSSION diarrhea hospitalizations due to Rotavirus in children

The study confirmed the existence of Rotavirus observed [14]. Rotavirus vaccine has shown a major
outbreak  in  Kurmuk district of Assosa zone, impact in hospital admission in Australia by reducing 71%
Benishangul-Gumuz region from Dec 22, 2018 to Feb 9, of Rotavirus hospitalizations in under five years of age
2019. The regional health bureau declared the presence of [3].
Rotavirus outbreaks during the last two years in the same In the current study, children who had contact with
period. A study conducted on hospital-based surveillance cases of Rotavirus are 8.6 times more affected than those
for rotavirus gastroenteritis in children younger than 5 who hadn’t contact with cases. A case-control study
years of age in Ethiopia showed that studies Rotavirus conducted for Rotavirus outbreak in South China found
circulated year-round with peak prevalence from October contact as risk factor that children who had contact with
through January [16]. In other studies, Rotavirus cases were 2.1 times more affected [26]. Similarly in an
prevalence high peaks were observed during dry seasons outbreak happened during the school trip, the study
of the year  [17-19]. Peak Rotavirus infection in Ghana was revealed that the disease was spread from a single pupil
observed in cool dry months of January and February to classmates due to prolonged contact [27]. A study of
[20],  due  to  Rotavirus among children <5years of age infectious intestinal disease in England reported contact
was decline only which agrees with the current study. with  cases  as  risk  factor  with  Odds  Ratio  of 3.45 and
While rotavirus infections have been called a winter P Value of < 0.001 [28], which agrees with current outbreak
disease in the temperate zones, their incidence peaked in in Kurmuk district.
winter primarily in the Americas and that peaks in the A study conducted in Guinea-Bissau to determine
autumn or spring are common in other parts of the world. the Protective immunity after natural rotavirus infection
In the tropics, the seasonality of such infections is less reported that primary infection conferred 52% and 70%
distinct  and  within  10 degrees latitude (north or south) protection against subsequent rotavirus infection and

in Ethiopia. In the same study, a reduction of 18% of

<12months of age in the post-vaccine periods was
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rotavirus diarrhea, respectively [29]. Another study also CONCLUSION AND RECOMMENDATIONS
indicated that primary Rotavirus infection conferred
protection against reinfection for more than two years Rotavirus outbreak was confirmed in the Kurmuk
[30]. Protection against moderate or severe disease district and factors that increased the odds of Rotavirus
increased with the order of infection but was only 79% infection in under-five children were contact with sick
after three infections. Early infection and frequent children and traditional gold mining whereas, being
reinfection in a locale with high viral diversity resulted in vaccinated, history of the previous infection with
lower protection than has been reported, providing a Rotavirus and mothers/caretakers practicing handwashing
possible explanation why rotavirus vaccines have had at least three times per day were found to be protective
lower-than-expected efficacy in Asia and Africa [31]. In against Rotavirus infection. 
the current study, the previous infection of Rotavirus Therefore, to prevent the Rotavirus outbreak in the
reduced the subsequent reinfection by 82% which could future:
be a serotype of best vaccine candidate.

The use of improved sanitation and hand washing Mothers should be educated on child caring, mode
are thought to be measured to reduce diarrheal diseases of diarrheal disease transmission and good hygiene
as indicated by a number of studies. In a study conducted practices.
in rural kebeles of Adama district, the prevalence of Vaccination coverage should be improved and
under-five child diarrheal was reduced due to improved factors that affect vaccine efficacy like cold chain
handwashing practices in mothers/guardians of children should be assessed in the woreda.
[32]. Similarly, a study conducted in Arba Minch district Identifying the genotype of Rotavirus circulating in
highlighted that poor hand washing practice among the community is necessary and helps to know the
mothers resulted in high risk of diarrheal diseases in reason why the previous infection is better protected
under-five children [33]. Hand washing practice with soap than vaccination. 
during critical times and WASH educational messages
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