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Abstract

Background: Rotavirus vaccines have been shown to be a lifiegaand cost-effective public health
intervention in Africa and have resulted in reducethvirus mortality. In Kenya, rotavirus diarrheauses 19%
of hospitalizations and 16% of clinic visits amocigldren <5 years of age and causes 4471 death8,@8d
hospitalizations per year. Nationally, rotavirusedise costs the health care system $10.8 millionadig. It is
estimated that routine vaccination with a 2-dogavious vaccination series would avert approximagh67
deaths (55%), 5,724 hospitalizations (65%), 853, &i#ic visits (59%) and would save 58 disabiligijusted
life-years (DALYSs) per 1000 children annually. lnlyJ 2014, Kenya introduced rotavirus vaccine irigoroutine
expanded programme immunisation, with two dosesrgat 6 and 10ths week of age.WHO recommend having
surveillance studies before and after vaccine aelivee data and monitoring the possible effectrafsecine
introductions. The aim of this study was to detaantihe prevalence of rotavirus in pre- and postivacstool
samples collected from children under five yeattgnaling two selected clinics in Mukuru informaltiEment
in Nairobi, Kenya.

Methods: Archived samples collected during Salmonella surveillance study (SSC No. 2074) conducted
between July 2013 and July 2015 were used fordiidy. A total of 270 samples (150 pre-vaccine &ad
post-vaccine) were tested for rotavirus using ELFEAspect kit (Oxoid Ltd UK) and data analyzed gsBPSS
version 20.

Results. Rotavirus prevalence was 10% (15/150) and 5%2@®/in pre-vaccine and post-vaccine samples
respectively. There was significant difference iey@alence pre and post vaccine samples for childEnthan

12 months (P=0.014), 13-24 months (P=0.002) and 4®enonths (P=0.01). However, there was no diffeee

in prevalence for age categories 25-36 and 37- di&ins.

Conclusion: This study showed a reduction in prevalence ofuprA rotavirus in Mukuru selected clinics one
year after vaccine introduction into National imnaation program in Kenya. Rotavirus prevalence eléti
significantly for cases less than 12 months, 13rhths and over 49 months pre and post vaccineduttion.
However, there was no difference in prevalenceafge category 25-36 and 37- 48 months thus the macci
proved to have a significant protection in the magherable group of children.
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Introduction
Background infor mation

Rotavirus is a leading cause of diarrhea in childuader five years (WHO 2009). It is estimated &wmise
527,000 deaths globally with approximately 232,0@0urring in South Asia and Sub-Saharan Africa (Mdae
etal., 2010).

Previous studies in Kenya (Nyanza and Western Kefigand that rotavirus infections caused 19% of
hospitalizations and 16% of clinic visits for diaga among children <5 years. Between 2005-200artheal
mortality burden associated with rotavirus wasneated to be 68 deaths per 100,000 children (dtak, 2009).
A prospective surveillance for children <13 year&iifi County Hospital reported admissions witfadrhea as
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3,296 (22%) of which 2,039 were tested for rotavimath 588 (29%) positive cases reported (Noéteal.,
2008).

Rotavirus is contracted through the fecal oral eoltt is highly contagious and spreads easily ffmerson to
person through contaminated hands and objectsafimitpcontact with fecal matter (WHO, 2012). Childneith
severe rotavirus infections have frequent diarrbied vomiting leading to dehydration and often néede
rehydrated with intravenous fluids, Oral rehydratisolution (ORS) and zinc tablets (WHO, 2009). In
developing countries, this type of emergency cardaigely inaccessible, making the rotavirus préeen
through vaccination critical to saving childrenigels (Albertet al., 2012). Other measures that would be
combined in preventing diarrhea include improvenenwater quality, hygiene and prevention of baateand
parasitic infections (Navaneethan and Giannell@820

Following clinical trials in America and Europe thshowed high efficacy of over 85-98% against sever
rotavirus infection, there was recommendation éforuction of rotavirus vaccine trials in countri@sAfrica
and Asia (WHO 2007). Rotavirus vaccine studies autB Africa and Malawi reported efficacy estimates
ranging between 57-64% against a hospital admisseo point for rotavirus associated diarrhea amiasly
reduced the prevalence of rotavirus in young caildiMadhiet al., 2010, Msimangt al., 2013). Similar studies
in Mali and Ghana have reported an efficacy of 88%he first year of life (Armalet al., 2010, Christabedt al.,
2014). In Kenya, a rotavirus vaccine trial in thestérn part of the country reported efficacy 0068 .through
two years of follow up in 1308 infants (Felket al., 2012).

WHO extended the recommendation for introductiomadévirus vaccine into national immunization pramgs
in African countries (WHO 2009, Jiarey al., 2010, Armalet al., 2010) following review of clinical trial data
from Africa. Through Global Alliance for Vaccinesidh Immunization (GAVI), 19 countries in Africa have
introduced the vaccine in their immunization pragsa(www.gavi.org). Rotarix (GSK) was included inriga
immunization program in July 2014 in all governméwmtalth facilities. Children aged below one yearewve
administered two doses vaccine at 6 and 10 weeageo{www.gavi.org/country/kenya).

WHO, however, also recommends local disease slame# studies prior to the introduction of vaccirfeart of
this should be monitoring of rotavirus diarrheaesasmnd as well as circulating strains. Having hasel
surveillance for prevalence of rotavirus positiases and trends pre and post vaccine introducianportant
in monitoring the effects of the vaccine and far ttountry to get an understanding of epidemioldgnotavirus
(WHO /IVB/08/16). This study set out to determihe fpossible influence of vaccination on humberotdvirus
positive after vaccine introduction in Kenya.

M ethodology
Ethical statement

Ethical approval for the study was obtained frone tScientific Ethics & Review Unit (SERU)
KEMRI/SERU/CMR/P0026/3144. This study was parttaf bngoingSalmonella surveillance study (SSC 2074).
Consent from parents/guardians for their childrad hlready been sought by personnel involved idys&SC
2074. All samples were anonymized and no persoiddiytifiable information was present on the saatels.

Study population and sample collection

This study was conducted in two outpatient healtilifies, Medical Missionaries of Mary and Reubadical
center in Mukuru urban informal settlement situatedkm East of Nairobi city. This is an overcrowdaea
with closely clustered houses, garbage dumps, dgEns and inadequate sanitation.

A single time point fecal sample was collectedtarie specimen collecting tubes (poly pots). Upeceipt, the
samples were transported in cool boxes for othetebial pathogens testing at the Centre for Miatdgy

Research, Kenya Medical Research Institute in Mairdn aliquot of sufficient sample was stored 28°C until

use in this study.

Inclusion criteria were children below 5years oéagith diarrhea 3 or more watery, non-bloody steibhin 24
hour period.

Exclusion criteria was, <5years, bloody stool, ttmkavailable or stored sample insufficient.
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A total of 270 stool samples were purposively selédrom 3995 children that had been recruited betwduly
2013-July 2015. Additional demographic data inahgdage, sex and clinical characteristics were gitbered
from case report form.

L aboratory Procedures
ELISA(Enzyme Linked |mmunoassay) using Prospect™ rotavirus kit

Diagnosis of rotavirus was based on the detectiomiras antigen in human stool using a commercial k
(PROSPECT" Oxoid LMD, UK). This is a qualitative technique ish utilizes a polyclonal antibody in a solid
phase sandwich enzyme immunoassay to detect gpagfis antigen present in Group A rotaviruses.

Briefly, 1ml of sample diluent (Tris Buffered Sadirsolution) was added to approximately 0.1g ofdsédical
material (small pea-sized portion) or approximate0pul of liquid stool and mixed thoroughly on artex
mixer and left to settle for 10 minutes prior tetieg.

To conduct the ELISA test, 100ul of prepared samyds added in each well of the microtitre plataspsed
with the kit that is pre coated with antibody. AOLO horse peroxidase-conjugated anti-human antibwaly
added to each well and mixed by rotating the plaé@ually 3 times. The plates were then incubat&D80C
for 60 minutes and subsequently washed 4 timegB50-450 pl PBS in each well. Substrate 100 pltivas
added to each well and incubated at 28c3for 10 minutes, followed by addition of 100ultbe 0.46 mol/L
sulphuric stop solution. The plates were mixed dighly and read at 450nm within 30 minutes of addibf
the stop solution using BioTek Synergy4-Gen5 mitatgpreader. The negative control value was sketsatthan
0.150 absorbance units while positive control waslae greater than 0.500 absorbance units. Theftwalue
was calculated by adding 0.200 absorbance unitisetmegative control value. Any specimen with abaoce
value less than the cut-off was negative while ¢raisove the cut off were considered positive.

Statistical Analysis

Data analysis was carried out using the SPSS vefo Chi square tests were used to compare piopsrof
rotavirus cases before and after vaccine and term@ie significance at 95% Cl and P<0.05. To astles
possible influence of vaccination, the data wasdéi@ into two: pre vaccine (July 2013-July 2014}yl qoost
vaccine (July 2013-July 2015).

Results

In the study period from July 2013-July 2015, 2@fhples (150 before vaccine and 120 after vaccime® wsed
and demographic data regarding age and gender egasded. Out of the 150 children for the periodobef
vaccine, there was equal distribution of sample 3ig (50%) of female and male. For the period aféecine
introduction 56 (46.7%) were female while 64 (53)3f&re male. There was no significant (P>0.05)edi#hce
between males and females in the selected santp(€adse 1).

Table 1: Sample sizedistribution by gender in M ukuru Informal settlement pre and post vaccine
introduction.

Gender Female Male Total

N % N % N % Chisquare df P-value

Pre-vaccine 73 50 75 50 150 53.6 0 1 1

Post-vaccine 56 467 4 53.3 120 444 0533 1 0.485

Total 131 100 133 100 prj] 100

Age wise distribution of patients showed significdifference (P=0.001) in sample distribution amadng age
categories for pre vaccine period (Table 2).With ktighest age category being 13-24 months 24/18%)2
However, the sample sizes for post vaccine weralggdistributed (P>0.05) in the different age cateaes.
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Table 2: Age stratification of sample size distribution in Mukuru Informal
settlement pre and post vaccine introduction

Age range

(months) <12 13-24 25-36 37-48 =49 Total

N % N % N % N % N Y% N Chisgquare df P-value

Pre-vaccine 36 24 42 28 33 26 23 153 10 67 150 23.667 4 0.001

Post-vaccine 18 15 18 15 33 275 26 217 25 20.8 120 6.583 4 0.160

Total 54 20 60 222 72 267 4% 181 35 13 270

Rotavirus was more prevalent before vaccine intttidno in children <12 months 6/36 (16.7%) and 13-24
months 4/42 (9.5%) (Table 3). In children 25-36nths and 37- 48 months, however, there was nordifte in
rotavirus prevalence pre and post vaccine intradnct

Table 3: Age dratification of rotavirus positives in Mukuru Informal settlement pre and post vaccine
introduction

Vaccine Pre-vaccine Post vaccine
Megative Positive Total Negative Positive Total
N % N % N % N % N % N % chi-square df P-value
Age(Months) <12 30{83.3) 6(16.7) 36(100) 18(100) 0(0) 18(100) 6 1 0.014
13-24 38(90.5) 4{9.5) 42(100) 16(88.9) 2{11.1) 18{100) 9.6 1 0.002
25-36 35(89.7) 4{10.3) 39(100) 31(93.9) 2(6.1) 33(100) 0.5 1 0.485

37-48 22(95.7) 1{4.3)  23{100) 25(96.2) 1(3.8)  26{100) 0.184 1 0.668

=49  10(100} 0.0{100) 10{100) 24(96)  1{4) 25(100) 6429 1  0.011

Rotavirus was detected slightly higher in femal@é58(10.7%) and 7/75 (9.3%) in male for the periedobe
vaccine. For the period after vaccine introductiases in male were slightly higher 4/64 (6.3%) careg to
female 2/56 (3.6%).

Table 4: Rotavirus positives distribution by gender in Mukuru Informal settlement pre and post vaccine
introduction

Vaccine Pre-vaccine Post vaccine

MNegative Positive Total Megative Positive  Total

N % N % N % N % N % N % chi-square df P-value
Female 67(89.3) & (10.7) 75(100) 54({96.4) 2(3.6) 56{100) 2.756 1 0.057
Male 68(90.7)  7{9.3) 75({100) 60({93.8) 4(6.3) 64{100) 0.871 1 0.351

A total of 15/150 (15%) and 6 /120 (5%) cases tegtmsitive for rotavirus pre and post vaccine idtrction
periods respectively. The figure below shows theral prevalence between pre and post vaccinev&eine
was (p<0.05) higher prevalence compared to postinac
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Figurel: Prevalence of rotavirusinfection by vaccine group (pre vaccine and post vaccine)

Discussion
Rotavirus is among the major causes of diarrhedidgato death in children in developing countriPsita on
prevalence of rotavirus in Kenyan informal settlatsebefore and after vaccine introduction is limitén this

study, we set out to compare prevalence of rotavinfections one year before and one year aftavints
vaccine introduction in outpatient facilities.

We found rotavirus prevalence of 10% (15/150) a¥#d(6/120) during the pre-vaccine and post-vaccergogs,
respectively, which was statistically confirmed (F85) leading to a 50% reduction of rotavirus cases
previous study carried out in Mukuru for the perlmefore vaccine (2012-2013) reported a rotavirevgence
of 23% in children (Raingt al., 2015) that is almost double the prevalence tmatobserved in our study.
Analysis of the prevalence confirms findings fronpravious study done in the same location threesyago
before vaccine introduction to be 24%, indicatihgttrotavirus was still a major pathogen causiragriea in
children in Kenya (Gikonyet al., 2010). The high prevalence of rotavirus in toerent and other studies in
East Africa reflect the high burden of rotavirupoged elsewhere in sub-Sahara Africa (Nakawesai., 2010,
Mwendaet al., 2010, Sabrinat al., 2007).

Rotavirus prevalence differed significantly for eadess than 12 months, 13-24 months (p value-aad 49
months pre and post vaccine introduction. Howetrerte was no difference in prevalence for age cayegs-

36 and 37- 48 months. There was no significantediéfice in prevalence between male and female study
participants over the two periods. Reported prexadefrom Mukuru study post vaccine introduction age
categories compared well to a study in Rwanda, wi#itrease in proportion of rotavirus positive after
introduction of pentavalent rotavirus vaccine inyM20D12, with the greatest effect in children dikegtrotected

by vaccine 13-24 months in 2014-2015 (Ngahal., 2016). However, same study reported a reduction in
admission by 61-70% including older children agelgible for vaccination suggesting an indirect tprtion
through reduced transmission of rotavirus.

Although the effectiveness of rotavirus vaccind®imanda is promising, the effectiveness is stil ldgan that in
developed countries. Finland, for instance, witligh vaccine coverage, the effect of rotavirus wation has
seen at 88% reduction of admittances to hospitatdtavirus gastroenteritis, with most of the renmag cases
occurring in older children too old to be vaccimbie the programme (Hemmirggal., 2013).

Generally, information on rotavirus vaccine effeehess from Rwanda and other African countriesds-
existent and future studies should address thetafmess of vaccines after complete and uncomgktes of
vaccinations. Indirect protection of children toldl @0 have been vaccinated with rotavirus vacciae heen
previously reported in several high-income and reiddcome countries including the USA and El Satwad
(Lambertet al., 2009, Paynet al., 2011). Comparative analysis of the assessmevaatfine effectiveness after
the introduction of rotavirus vaccine into routiim@munization programme in South Africa and Malawowed
that the vaccine was 57-64% effective against halsadmissions for rotavirus and reduced prevalémg®ung
children (Groomeet al., 2014, Msimangt al., 2013). Partially similar data was reported in algtoonducted in
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Brazil, where prevalence rates dropped from 11.12%e pre vaccine years 2002-2006 to 5.07% inpibet
vaccine period 2007-2011 (Andressa et al., (2013).

Conclusion

This study reported that rotavirus infection majoafffects children aged 12 to 24 months who werestiyio
eligible to be vaccinated. Prevalence of rotavitasreased substantially after rotavirus vaccindeampntation.
The introduction of vaccine in the National immuation program in Kenya can be effective measure to
decrease the rotavirus disease in young childrenratduce the financial burden to the Kenyan hesfgtem.
These data support the use of rotavirus vaccit@itya and highlight the benefits of routine vactioraagainst
rotavirus in low-income settings. However with yalne year of both pre and post vaccine data fromkuvu
informal settlement, it is too early to establible trends of rotavirus cases. In order to assessrthact of the
vaccine on the disease occurrence, continuous arowgt of rotavirus cases is needed. The use ofirednt
surveillance sites in Kenya from July 2014 willalsrovide the most comprehensive information afacine
introduction. Research on other enteric virused pibvide evidence of indirect protection from natas
vaccination in a high-burden, low income settirigsutine use of rotavirus vaccine could have a largeact on
diarrhea-associated mortality and morbidity in Keny
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