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INTRODUCTION

Diarrhea is a leading cause of mortality in children, accounting for 9% of all deaths among 

children <5 years of age worldwide or 526,000 children in 2015 [1]. The majority of these 
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deaths occur in Sub-Saharan Africa and Asia [1]. Globally, rotavirus is the most common 

cause of severe diarrhea among children <5 years of age, accounting for approximately 40% 

of severe diarrhea episodes in countries that have not yet introduced rotavirus vaccine [2]. In 

view of the high burden of rotavirus diarrhea mortality rates in developing countries and 

reassuring rotavirus vaccine efficacy and impact data from early introducing countries, the 

World Health Organization (WHO) recommends the inclusion of rotavirus vaccines in all 

national immunization programs [3].

In Zimbabwe, diarrhea is the second leading cause of childhood deaths, contributing to 10% 

to 15% of deaths in children <5 years of age in 2015 [1, 4]; rotavirus accounted for 41–56% 

of acute diarrhea hospitalizations prior to vaccine introduction [5]. In May 2014, the 

Government of Zimbabwe introduced the 2-dose, oral, monovalent, live attenuated human 

rotavirus vaccine, Rotarix (GlaxoSmithKline), into its Expanded Programme on 

Immunization (EPI). By the end of 2016, the reported administrative coverage of a full 

course of rotavirus vaccine had reached ~89% nationwide [6].

Although many countries have demonstrated substantial declines in all-cause diarrhea and 

rotavirus-related morbidity and mortality following rotavirus vaccine introduction, 

evaluations in low income African countries with high child mortality rates similar to 

Zimbabwe are limited. We evaluated the impact of rotavirus vaccine introduction on acute 

diarrhea and rotavirus-related healthcare visits among children <60 months of age to provide 

essential information to the government and other stakeholders regarding the benefits of 

rotavirus vaccination.

METHODS

Active surveillance of acute diarrhea and rotavirus-related hospitalizations and Accident 
and Emergency (A&E) Department visits

In anticipation of national rotavirus vaccine introduction, the Ministry of Health and Child 

Care (MOHCC), with support from WHO, established active rotavirus surveillance at three 

public hospitals located in and just outside of Harare: Chitungwiza Central Hospital (CCH), 

which has 94 beds allocated to pediatrics; Harare Central Hospital (HCH), which has 246 

beds allocated to pediatrics; and Parirenyatwa Group Hospital (PGH), which has 175 beds 

allocated to pediatrics. These 3 institutions together serve a population of ~2.1 million urban 

and rural residents. For this evaluation, the three hospitals contributed active surveillance 

data from 1 January 2012 through 31 December 2016. Children <60 months of age who 

presented for treatment of acute diarrhea (defined as ≥3 episodes of non-bloody diarrhea 

within a 24 hour period of ≤7 days duration) were recruited for enrollment. After informed 

consent was obtained from the parent or caregiver of an eligible child, trained hospital staff 

collected demographic and clinical data using a case investigation form adapted from WHO 

rotavirus surveillance guidelines [7]. A stool specimen was also collected from each enrolled 

child within 48 hours of admission to the inpatient ward or the A&E Department oral 

rehydration corner. All stool specimens were transferred to the Zimbabwe National Virology 

Laboratory and tested for group A rotavirus by enzyme immunosorbent assay (EIA) 

(ProSpecT, Oxoid, UK). A subset of EIA test-positive specimens were then transported to 

the Medical Research Council (MRC) Diarrhoeal Pathogens Research Unit, University of 
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Sefako Makgatho Health Sciences, Pretoria, South Africa, for quality control and 

genotyping.

Surveillance activities were enhanced in June 2014 for rotavirus vaccination impact 

evaluation activities. Enhanced activities included a more detailed case investigation form 

that retained the original surveillance questions but included more extensive clinical and 

vaccination history questions, hiring and training of additional surveillance team staff, and 

transfer of all EIA test-positive specimens to the MRC for genotyping.

Hospital register review

Since active surveillance activities at CCH, HCH, and PGH likely did not enroll 100% of 

children <60 months of age presenting for treatment of acute diarrhea, we retrospectively 

reviewed inpatient hospital registers at each hospital for 1 January 2012 through 31 

December 2016. Monthly counts of acute diarrhea admissions were extracted from the 

hospital registers using any of the following terms that indicated acute diarrhea (including 

spelling permutations of the terms): “acute diarrhoea”, “diarrhoea”, “acute gastroenteritis”, 

“AG”, “AGE”, “acute GE”, “acute GE with dehydration”, “gastroenteritis”, “GE”, and 

“rotavirus”.

Passive surveillance of diarrhea-related outpatient visits

The Health Information and Surveillance Unit of the Department of Epidemiology and 

Disease Control (EDC) of the MOHCC coordinates and receives weekly reports of 17 

conditions of public health importance which includes tallies of outpatient visits for acute 

watery diarrhea, with or without dehydration, among children <60 months of age from 1631 

healthcare facilities, including and 7 provincial, 74 city health, and 6 central hospitals 

nationwide. The EDC provided data by district or hospital unit from 1 January 2012 through 

31 December 2016 for this evaluation.

Data analyses

Using active surveillance data, we examined the monthly number and proportion of acute 

diarrhea and rotavirus EIA-positive hospitalizations and A&E visits among children <60 

months of age at the three surveillance hospitals. We also examined the annual number and 

proportion of acute diarrhea and rotavirus EIA-positive hospitalizations and A&E visits by 

visit type (hospitalization, A&E visit) and age group (0–11 months, 12–23 months, and 24–

59 months) and compared pre-vaccine introduction (2012–2013) data with post-vaccine 

introduction (2015–2016) data using Chi-square tests; we considered p-values of <0.05 to be 

significant. For the pre-/post-introduction analyses, 2014 was excluded as it was considered 

a transition year during which rotavirus vaccine was introduced, and PGH was excluded due 

to incomplete monthly reporting in 2012 and 2013.

Using extracted hospital register data from the three sentinel hospitals, we examined 

monthly trends in acute diarrhea hospitalizations and A&E visits by year and age group (0–

11 months, 12–23 months, and 24–59 months). For this analysis, we excluded the year 2012 

as some of the hospital registers were not available during that period.
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National outpatient visit data were used to examine the number of outpatient visits for acute 

diarrhea with and without dehydration each month for children <60 months of age. Because 

the number of reporting districts and hospital units changed over time, we restricted this 

analysis to 61 districts and hospital units that reported data every month during the study 

period.

Data were analyzed using SAS version 9.3 and Excel version 2013. This evaluation was 

reviewed and approved by the Medicines Control Authority of Zimbabwe and determined to 

be public health non-research by the US Centers for Disease Control and Prevention and 

granted exception by WHO Ethical Review committee (ERC).

RESULTS

Monthly trends in acute diarrhea and rotavirus-related healthcare visits

Monthly active surveillance data from the three sentinel hospitals demonstrated annual 

seasonal peaks of hospitalizations and A&E visits (Figure 1). During 2012–2014, the 

number of visits peaked during the winter months in May and June; following rotavirus 

vaccine introduction, seasonal peaks in 2015 and 2016 shifted toward September and 

October and were substantially blunted. The percentage of rotavirus EIA-positive visits 

followed the same seasonal pattern. However, while the overall number of hospitalizations 

varied from year to year, the percentage of rotavirus EIA-positive specimens decreased 

during the post-vaccine introduction period as compared to the pre-introduction period.

Diarrhea hospitalizations recorded in registers from the three sentinel hospitals showed 

seasonal variation in the number of diarrhea hospitalizations, by month, in children 0–11 

months and 12–23 months of age, with the highest numbers in May and June during 2013 

and 2014 (Supplemental Digital Content 1, Panels A and B). In the post-vaccine 

introduction period, these higher numbers during May and June were not observed – the 

number of hospitalizations by month was relatively consistent in these two age groups, with 

a slight increase in October. There was no pattern of monthly variation observed in children 

24–59 months of age during any time period (Supplemental Digital Content 1, Panel C).

Monthly variation in outpatient diarrhea-related visits from facilities nationwide among 

children <60 months of age mirrored that observed in the active surveillance data 

(Supplemental Digital Content 2). The highest number of visits was observed in May and 

June each year during 2012–2014, with a less pronounced increase in September and 

October. After rotavirus vaccine introduction, the highest number of diarrhea-related 

outpatient visits appeared in September.

Annual trends in acute diarrhea and rotavirus-related hospitalizations and A&E visits

Annual data on acute diarrhea and rotavirus-related hospitalizations and A&E visits among 

children <60 months of age at CCH and HCH showed increases in the total number of both 

visit types during 2015 and 2016, but an overall decline during 2015–2016 in the percentage 

of rotavirus test-positive visits (Supplemental Digital Content 3). The percentage of rotavirus 

EIA-positive hospitalizations declined from a median of 41% in 2012–2013 to 23% and 

20% in 2015 and 2016, respectively. The percentage of rotavirus EIA-positive A&E visits 

Mujuru et al. Page 4

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



declined from a median of 38% in 2012–2013 to 28% and 26% in 2015 and 2016, 

respectively.

Data by age group also showed increases in the absolute numbers of children enrolled in 

active surveillance and declines in the percentage of rotavirus positive visits during 2015–

2016 at CCH and HCH (Figure 2). Overall for children <60 months of age, the percentage of 

rotavirus EIA-positive visits significantly declined from a pre-vaccine median of 41% to 

26% in 2015 (P<.0001) and 24% in 2016 (P<.0001), a decline of 35% and 41%, respectively 

(Table). There was a noticeable decline in the percentage of rotavirus EIA-positive visits 

from children 0–11 months and 12–23 months of age; the decline was less among the 24–59 

month age group. Among children 0–11 months of age, the percentage of rotavirus EIA-

positive visits declined from a pre-vaccine median of 49% to 30% in 2015 (P<.0001) and 

28% in 2016 (P<.0001), a decline of 40% and 43%, respectively (Table). Among children 

12–23 months of age, the percentage of rotavirus EIA-positive visits declined from a pre-

vaccine median of 37% to 29% in 2015 (P=.04) and 25% in 2016 (P=.0001), a decline of 

21% and 33%, respectively. Among children 24–59 months of age, the percentage of 

rotavirus EIA-positive visits declined from a pre-vaccine median of 16% to 13% in 2015 

(P=.19) and 15% in 2016 (P=.52), a decline of 22% and 5%, respectively.

DISCUSSION

We observed declines in acute all-cause diarrhea and rotavirus-related healthcare visits in 

Zimbabwe during the two years following national rotavirus vaccine introduction in May 

2014. Active, prospective surveillance found the percentage of rotavirus-positive specimens 

among children <60 months of age was reduced by more than one-third in the two years 

following rotavirus vaccine introduction. These declines were particularly sharp in children 

0–11 months and 12–23 months of age who were age-eligible for vaccination. These results 

are similar to those reported by other countries, including recent data from other African 

countries [8–13].

Our findings were consistent across data sources of different acuity levels and geographic 

scope in Zimbabwe. Prospective, active surveillance from three sentinel hospitals, a 

retrospective log book review of hospitalizations from the three sentinel hospitals, and 

national-level, diarrhea-related outpatient visits all showed annual peaks of diarrhea-related 

healthcare visits in May and June before vaccine introduction. Following rotavirus vaccine 

introduction, there were substantially lower levels of rotavirus EIA positivity and diarrhea-

related healthcare visits. We also observed a shift in the peak season from the winter months 

of May and June to September and October. This shift in rotavirus peak season following 

vaccine introduction has been observed in some other countries including the US and 

Mexico, and may be due to a decrease in the number of unvaccinated, susceptible infants, 

resulting in reduced intensity of transmission of rotavirus infection among susceptible 

children [14, 15].

This evaluation has several limitations. First, active surveillance enrollment varied over the 

surveillance period, with much higher numbers of children enrolled after rotavirus vaccine 

introduction when surveillance had been enhanced at the sentinel facilities. Despite 
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increased enrollment, declines in the percentage of rotavirus-positive visits were observed 

among all age groups during the post-introduction period. Additionally, when comparing the 

number of children enrolled in active surveillance with the number of children recorded in 

hospital registers during 2013–2016, the annual proportion of children enrolled in active 

surveillance ranged from 19% to 42%, with the highest proportions enrolled in 2015 and 

2016 after enhanced surveillance was established. As stated in the methods section, it was 

anticipated that surveillance staff would not be able to enroll all eligible children given the 

high volume of patients seen at the sentinel hospitals, which is why the hospital register 

review was conducted. Despite not capturing all eligible children, the trends in diarrhea 

visits among children enrolled in active surveillance were very similar to those seen in both 

the passively reported national outpatient diarrhea data and the hospital register data. Thus, 

the changes in diarrhea and rotavirus disease seen among the children enrolled in active 

surveillance are likely similar to what is occurring on a national level. Second, visit type 

(i.e., hospitalization or A&E visit) may have been misclassified for children enrolled in 

active surveillance at HCH as some children admitted to the oral rehydration area may have 

been classified as receiving inpatient treatment even though they were discharged home. 

Conversely, hospitalizations may also have been misclassified as A&E visits, especially if 

children were transferred to the inpatient ward following a stay in the oral rehydration area. 

Nevertheless, we are reassured by the overall declines in rotavirus EIA positivity observed 

for both hospitalizations and A&E visits. Finally, we did not evaluate concurrent 

interventions to improve water, sanitation, and hygiene practices and their potential impact 

on diarrhea-related healthcare visits. However, no new national-level interventions were 

implemented during the post-introduction period. According to the National Action 

Committee on Water, Sanitation and Hygiene (WASH), there has been little change in 

WASH during this period [16, 17]. Given that substantial declines in diarrhea-related 

hospitalizations occurred specifically during the winter season when rotavirus predominates 

and since rotavirus infection occurs even with improvements in water, sanitation, and 

hygiene practices, it is likely that vaccine introduction is primarily responsible for the 

declines observed in this evaluation.

Initial reductions in diarrhea illness among children <60 months of age in Zimbabwe 

following rotavirus vaccine introduction are promising both in greater Harare and nationally. 

Declines were especially pronounced in children 0–11 months of age, and this swift impact 

on morbidity is likely connected to rapid uptake and high coverage of the target population 

with rotavirus vaccine Given that to date, there are only two full years of post-introduction 

data, rotavirus diarrhea surveillance should continue to confirm the positive impact of the 

rotavirus vaccination program. These early results are encouraging and provide evidence to 

support continued rotavirus vaccination and surveillance to inform immunization program 

planning in Zimbabwe. Additionally, these findings highlight the importance and value of 

establishing active disease surveillance programs for new vaccine introduction impact 

evaluations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Acute diarrhea hospitalizations and accident & emergency (A&E) visits among children <60 

months of age enrolled in active surveillance, by rotavirus test result — 3 sentinel 

surveillance hospitals, Zimbabwe, 1 January 2012—31 December 2016
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Figure 2. 
Annual acute diarrhea hospitalizations and A&E visits among children <60 months of age 

enrolled in active surveillance, by age group and rotavirus test result and proportion 

rotavirus test positive — Chitungwiza and Harare Central Hospitals, Zimbabwe, 1 January 

2012—31 December 2016
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Table

Acute diarrhea, rotavirus hospitalizations and A&E cases enrolled in active surveillance before (2012–2013) 

and after (2015 and 2016) rotavirus vaccine introduction — Chitungwiza and Harare Central Hospitals, 

Zimbabwe, 1 January 2012—31 December 2016

Age/time period No. visits tested No. rotavirus positive % rotavirus positive % decline in proportion rotavirus positive

All <60 months

 Median 2012–2013 1212 489 41 ref

 2015 1245 329 26 35 (P<.0001)

 2016 1992 475 24 41 (P<.0001)

0–11 months

 Median 2012–2013 654 320 49 ref

 2015 498 147 30 40 (P<.0001)

 2016 793 220 28 43 (P<.0001)

12–23 months

 Median 2012–2013 406 143 37 ref

 2015 534 155 29 21 (P=.04)

 2016 759 187 25 33 (P=.0001)

24–59 months

 Median 2012–2013 153 27 16 ref

 2015 213 27 13 22 (P=.19)

 2016 440 68 15 5 (P=.52)
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