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Abstract

Background.—Ghana was among the first African nations to introduce monovalent rotavirus 

vaccine (RV1) into its childhood immunization schedule in April 2012. We aimed to assess the 

impact of vaccine introduction on rotavirus and acute gastroenteritis (AGE) hospitalizations and to 

estimate vaccine effectiveness (VE).

Methods.—Using data from 2 teaching hospitals, monthly AGE and rotavirus admissions by age 

were examined 40 months before and 31 months after RV1 introduction using interrupted time-

series analyses. From January 2013, we enrolled children <2 years of age who were eligible for 

RV1 from a total of 7 sentinel sites across the country. To estimate VE, we fit unconditional 

logistic regression models to calculate odds ratios of vaccination by rotavirus case-patient status, 

controlling for potential confounders.

Results.—Vaccine coverage ranged from 95% to 100% for dose 1 and 93% to 100% for dose 2. 

In the first 3 years after vaccine introduction, the percentage of hospital admissions positive for 

rotavirus fell from 48% in the prevaccine period to 28% (49% adjusted rate reduction; 95% 
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confidence interval [CI], 32%–63%) postvaccination among <5-year-olds. With high vaccine 

coverage, it was not possible to arrive at robust VE estimates; any-dose VE against rotavirus 

hospitalization was estimated at 60% (95% CI, −2% to 84%; P = .056).

Conclusions.—Results from the first 3 years following RV1 introduction suggest substantial 

reductions of pediatric diarrheal disease as a result of vaccination. Our VE estimate is consistent 

with the observed rotavirus decrease and with efficacy estimates from elsewhere in sub-Saharan 

Africa.
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Rotavirus is the leading cause of severe childhood acute gastroenteritis (AGE), and remains 

the fourth most common cause of childhood mortality worldwide [1]. Since 2009, the World 

Health Organization has recommended the use of rotavirus vaccine globally, especially in 

countries with high child mortality due to AGE. Currently, 2 live attenuated oral rotavirus 

vaccines are licensed globally: RV1, the human monovalent strain vaccine (Rotarix; 

GlaxoSmithKline Biologics, Rixenstart, Belgium) and RV5, a pentavalent bovine-human 

reassortant vaccine (RotaTeq; Merck Vaccines, Whitehouse Station, New Jersey) [2].

In sub-Saharan Africa, double-blind randomized controlled trials of both RV5 and RV1 

vaccines in children demonstrated protection against rotavirus AGE. RV1 demonstrated a 

vaccine effectiveness (VE) of 61% (95% confidence interval [CI], 44%–73%) in preventing 

hospital admissions against severe AGE in studies conducted in South Africa and Malawi, 

whereas RV5 demonstrated a VE of 39% (95% CI, 19%–54%) [3, 4] in trials in Ghana, 

Kenya, and Mali. In the Ghana arm of the trial, VE was 56% (95% CI, 28%–73%). These 

efficacy values were, however, lower than the 70%–92% attained in high-income countries, 

such as the United States and Europe [5, 6]. In South Africa, the first sub-Saharan African 

country to introduce RV1 as part of the national immunization program, VE was estimated 

at 57% (95% CI, 40%–68%) [7]. The lower vaccine performance observed in these low- and 

middle-income countries on the African continent is consistent with VE estimates in lower-

income settings in Latin America and Asia [8, 9].

Despite the lower VE of rotavirus vaccines observed in Africa, Latin America, and Asia, 

rotavirus vaccines have potential to save lives in Africa and reduce morbidity given the high 

rotavirus disease burden in sub-Saharan countries [10, 11]. An impact study of RV1 in South 

Africa estimated that 13 000–20 000 hospitalizations were prevented in the 2 years after 

RV1 introduction [10]. The aim of our study was to assess the impact of the vaccine 

introduction on rotavirus and AGE hospitalizations and to estimate VE of RV1 in Ghana 

since its introduction at the end of April 2012.

METHODS

Surveillance

Ghana is a low- to middle-income tropical West African nation with a total population of 

approximately 27 million and an annual birth cohort of approximately 800 000 [12]. 
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Sentinel surveillance for rotavirus gastroenteritis was conducted in the 2 largest tertiary care 

hospitals in Ghana, the Korle Bu Teaching Hospital and the Komfo Anokye Teaching 

Hospital. The 2000-bed Korle Bu Teaching Hospital is the largest in Ghana, located in the 

capital city of Accra. Also included as part of the Korle Bu surveillance was Princess Marie 

Louise Children’s Hospital in Accra. The 1000-bed Komfo Anokye Teaching Hospital is 

located within the Ashanti region of central Ghana in the city of Kumasi and is the second-

largest hospital in Ghana.

Since 2009, both hospitals have served as sentinel surveillance sites implementing the World 

Health Organization–recommended protocol [13]. Children <5 years old admitted with 

diarrhea (≥3 loose stools in a 24-hour period) and/or vomiting with a duration ≤7 days were 

enrolled in the surveillance program. Surveillance was conducted 24 hours a day in the 

emergency department and inpatient units, aiming to capture all children <5 years old 

admitted for severe AGE who required hospital admission or intravenous fluid rehydration. 

Physicians, nurses, and surveillance officers also reviewed log books to further identify and 

enroll children presenting with a chief complaint of vomiting or diarrhea and admitted 

overnight. Children identified >48 hours after admission were not enrolled because of the 

risk of including nosocomial infections.

Stool specimens were collected within 48 hours of admission, stored at 2°C–8°C, and tested 

for rotavirus using a commercially available enzyme immunoassay (EIA) (ProSpecT; Oxoid, 

Cambridge, United Kingdom) at the medical virology laboratories of Korle Bu Teaching 

Hospital and Komfo Anokye Teaching Hospital. Rotavirus-positive stool specimens and 

10% EIA-negative specimens were transferred to the Noguchi Memorial Institute for 

Medical Research in Accra for genotyping and retesting for quality control, respectively. 

Genotyping was performed by reverse transcription polymerase chain reaction as described 

elsewhere [3].

Vaccine Effectiveness Evaluation

From January 2013, to achieve study power and improve geographic representation, we also 

enrolled children from other hospitals in Kumasi (Agogo Presbyterian Hospital); Ho in the 

Volta region (Ho Municipal Hospital, Ho Regional Hospital and Hohoe District Hospital); 

and the only hospital in the Kassena Nankana district of the Upper East Region (Navrongo 

War Memorial Hospital). Including the 2 surveillance sites described above, there were a 

total of 7 sentinel sites across the country that recruited participants.

The study was conducted through a case-control design at the 7 hospitals described above. 

All vaccine-eligible children (ie, born on or after 1 April 2012, and ≥6 weeks old) who were 

hospitalized after 1 January 2013 for AGE were enrolled and had their stool tested for 

rotavirus. Children who received a dose of the vaccine within 14 days of hospital admission 

were excluded. Case patients were defined as children born on or after 1 April 2012 who 

were hospitalized for rotavirus diarrhea or received intravenous hydration in the emergency 

department, and controls were defined as children with rotavirus test-negative diarrhea.
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Data Collection

After written informed consent was obtained from caregivers, a questionnaire was 

administered to collect demographic and socioeconomic factors, medical history and history 

of present illness, and vaccination history. The vaccination history was considered confirmed 

if a copy of the vaccination card or a vaccination clinic record was produced. Any missing 

information was obtained through review of medical records and at least 3 attempts were 

made to follow up by phone or in person.

Statistical Methods

Trends Analysis—Monthly rotavirus admissions by age were examined 40 months before 

(January 2009–March 2012) and 31 months after (year 1: April 2012–March 2013; year 2: 

April 2013–March 2014; year 3: April 2014–December 2014) introduction of rotavirus 

vaccination using an interrupted time-series analyses, with the third period being only 9 

months in duration. Because of laboratory diagnostic sensitivity concerns, 2009 data from 

the Komfo Anokye Teaching Hospital were excluded from the rotavirus trends analysis, but 

were retained for the AGE analysis. A generalized linear model was fit to the time-series 

data, assuming that monthly counts of admissions were Poisson distributed. We adjusted for 

seasonality by including calendar month and accounted for total diarrhea admissions by 

considering the log of nonrotavirus admissions as the exposure. We controlled for possible 

secular trends in surveillance sensitivity by including a sequential monthly term in the 

model. This assumed a linear and monotonic secular trend and, therefore, may result in a 

conservative estimate of vaccine-associated impact.

The rate ratio of rotavirus admissions in the vaccine era was calculated using an indicator 

variable for the year after rotavirus vaccine introduction, with prevaccine time as the 

referent. We investigated changes in rates by age group (<1 year, 1 to <2 years, 2 to <5 

years) because vaccine coverage during the early years of an immunization program and 

disease rates vary substantially by age.

Case-Control Analysis—We performed bivariate analyses to assess for differences in 

demographic and socioeconomic factors comparing cases and test-negative controls using 

Wilcoxon rank-sum or χ2 tests for significance. Our primary objective was to estimate VE 

of 1 or 2 doses of RV1 against rotavirus hospitalization. Many children were still being 

vaccinated up to age 6 months and with substantial numbers of cases, to avoid residual 

confounding by age, we restricted analysis to children aged 6 months to <2 years at time of 

presentation. To estimate VE, we fit unconditional logistic regression models to calculate 

odds ratios (ORs) of vaccination by rotavirus case-patient status, with associated 95% CIs 

[14]. All models controlled for age and hospital. We also considered socioeconomic factors 

significant in bivariate analysis as potential confounders. We used backward stepwise 

elimination to retain factors that resulted in a ≥10% change in the primary VE outcome. 

However, none aside from region met this criteria. Age was retained as a confounder a 

priori; we also considered birth month/year as a confounder. Neither age nor birth month/

year affected the OR estimate. Vaccine effectiveness was calculated as (1 − OR) × 100%. 

Statistical significance was designated as a P value <.05. Analyses were done with Stata 

software version 13.0 (StataCorp, College Station, Texas).
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For secondary objectives, we also estimated VE stratified by age (6–11 months and 1 to <2 

years) and doses of vaccine received (exactly 2). To investigate a potential gradient in 

protection by severity, we repeated all analyses for VE against for moderate to severe and 

severe rotavirus hospitalization, defined as hospital admission with rotavirus detected in 

stool by EIA and with a clinical severity score of ≥10 on a modified 20-point Vesikari 

scoring scale [15].

Ethical Analysis

This study was approved by the institutional review boards of the Centers for Disease 

Control and Prevention (Atlanta, Georgia), and the Noguchi Memorial Institute for Medical 

Research, University of Ghana (Accra). Study personnel obtained informed consent from the 

parents or legal guardian of the child.

RESULTS

Rotavirus vaccine was introduced nationwide in Ghana in late April 2012, and a high 

vaccine coverage was achieved at the onset among age-eligible children. Vaccine coverage 

among age-eligible controls aged ≥6 months born during the second quarter of 2012 (April–

June) was 97% and 90% for 1-dose and 2-dose vaccine, respectively. For subsequent 

quarterly birth cohorts, vaccine coverage among controls aged ≥6 months ranged from 95% 

to 100% for dose 1 and 93% to 100% for dose 2 (Figure 1). Vaccination was generally 

timely, with the first dose administered between the sixth and 15th week of life for 92% 

(567/614) of vaccinated children and the second dose administered between the 10th and 

35th week of life for 96% (584/607) of vaccinated children (Figure 1).

Rotavirus Trends

Over the 2009–2014 surveillance period, a total of 3929 children aged <5 years were 

included whose stool was tested for rotavirus, of whom 1646 were positive (42%). Overall, 

of the 1646 rotavirus cases detected in surveillance, 1011 (61%) occurred in the first year of 

life and 516 (31%) occurred in the second year of life. AGE and rotavirus-associated 

hospitalizations decreased following vaccine introduction (Table 1; Figure 2A and 2B).

In the first 3 years after vaccine introduction, the percentage of hospital admissions positive 

for rotavirus fell from 48% in the prevaccine period to 28% (adjusted rate reduction [aRR], 

49%; 95% CI, 32%–63%) postvaccination among <5-year-olds. These patterns were most 

pronounced for <1-year-olds, among whom rotavirus prevalence fell from 50% in the 

prevaccine period to 26% (aRR, 56%; 95% CI, 38%–69%) postvaccination. Rotavirus 

prevalence also decreased among children aged 1 to <2 years, from 47% prevaccine to 32% 

(aRR, 44%; 95% CI, 21%–60%) postvaccination. Overall, rotavirus-associated 

hospitalizations were not significantly reduced in children aged 2 to <5 years. We found no 

statistical evidence of reductions in rotavirus hospitalizations in cohorts too old to have been 

vaccinated (eg, 1- to <5-year-olds in year 1 postvaccination or 2- to <5-year-olds in year 2 

postvaccination), although all point estimates were in the direction of reductions.
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AGE rates were significantly reduced among children <5 years of age (44%; 95% CI, 28%–

64%) and <1 year of age (52%; 95% CI, 36%–64%), although less than the reductions 

against rotavirus cases.

From 2009 to 2014, a total of 572 specimens were genotyped. In all seasons, there was 

considerable diversity of G and P types (Supplementary Figure 1). G1P[8] was the most 

common genotype in all prevaccine seasons (2009: n = 31 [30%]; 2010: n = 25 [31%]; 2011: 

n = 14 [30%]). In postvaccination seasons, G12P [8] was the most common strain (2013: n = 

28 [26%]; 2014: 29 [37%]). G12P[6], G2P[4], and G3P[6] were also common in 

postvaccination years.

Vaccine Effectiveness

A total of 1021 children were enrolled in the case-control study; 947 (93%) submitted a 

stool sample (96%), of whom 870 (92%) had card-documented vaccine status. Of these 870, 

825 (95%) were admitted >14 days after their most recent dose of rotavirus vaccine (Figure 

3). As explained above, we restricted all VE analyses to children aged 6 months to <2 years. 

Of these remaining 657 children, 207 (32%) tested positive for rotavirus (ie, were case 

patients); 161 had moderate-to-severe disease (severity score ≥10), and 13 had severe 

disease (severity score ≥15).

Controls and cases were similar in terms of age (Supplementary Figure 1), percentage 

female sex, and most other sociodemographic characteristics. There was evidence that cases 

came from smaller households, were of slightly lower birthweight, and had fathers who were 

less likely to have completed primary education. Cases had a higher maximum number of 

diarrhea and vomiting episodes in a 24-hour period, were more likely to have vomiting, were 

less likely to receive oral rehydration solution, and had higher severity scores. There were no 

differences between cases and controls in terms of vaccination receipt (Table 2).

The prevalence of rotavirus (and therefore the case-control ratio) varied markedly by site. 

Prevalence ranged from 10% (21/193) among recruits from hospitals in the Ho/Volta region 

to 49% (103/211) in Navrongo (Table 3; Figure 4). Overall, ≥1 dose of vaccine coverage was 

95% among cases and 97% among controls. Coverage varied by region, but notably was 

higher among controls within each region. Region, therefore, was a likely confounder of 

case-control status and important to control for in the VE analysis. Because many cases 

occurred in the Navrongo region despite high vaccine coverage, we investigated for evidence 

of different vaccine efficacy by region (ie, effect modification), but found none.

With high vaccine coverage and between-site heterogeneity, it was not possible to arrive at 

robust estimates of VE. We calculated any-dose VE against rotavirus hospitalization of 60% 

(95% CI, −2% to 84%; P = .056; Table 4). Two-dose VE estimates were less precise and 

tended toward the null. Although the statistical evidence was weak, there was a pattern of 

higher VE against more severe disease and in the first year of life relative to VE in the 

second year of life.
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DISCUSSION

Ghana was among the first African nations—and the first in West Africa—to introduce 

rotavirus vaccination into its routine childhood immunization schedule. These results from 

the first 3 years following introduction are suggestive of impacts of vaccination on reducing 

pediatric diarrheal disease in general and rotavirus gastroenteritis specifically. Immediately 

following nationwide vaccine introduction, coverage among age-eligible children was 

impressively high among the populations served by the study facilities. Rotavirus 

hospitalizations among children aged <5 years decreased soon after the implementation of 

vaccination in a pattern consistent with vaccine impact. Decreases were most pronounced 

among children <1 year of age in the first year. Impacts were more modest in the second and 

third–fifth years of life, but may be acceptable in terms of public health importance, as 61% 

and 93% of rotavirus cases occurred by the first and second years of life, respectively. 

Although not reaching statistical significance, our primary estimate of VE (60%; 95% CI, 

−2% to 84%) is consistent with the observed 49% decrease in rotavirus hospitalizations and 

44% decrease in AGE hospitalizations, given approximately 95% vaccine coverage.

A strength of this study is the combination of surveillance with case-control data, allowing 

us to examine both trends and vaccine performance. We had 2–3 years of surveillance data 

prior to vaccine introduction. Expanding this surveillance infrastructure to a total of 7 

facilities, we transitioned to perform a case-control study, by using a common protocol for 

surveillance in all sites and making considerable effort to collect vaccination history data 

from all eligible enrolled subjects. We used rotavirus test-negative children with AGE as our 

comparison group. Compared to community or hospital controls, test-negative controls have 

the advantages of being straightforward to recruit, having similar care-seeking behavior as 

cases, and having less likelihood of bias in ascertainment of vaccination status, as the study 

team remains blinded to the subjects’ case/control status.

The study was subject to limitations. The most critical of these was the very high vaccine 

coverage immediately after the RV1 vaccine was introduced in Ghana. With coverage among 

rotavirus age-eligible negative controls at 95% overall and as high as 99% in certain regions, 

we were unable to enroll a sufficiently large comparison group of unvaccinated individuals 

needed to calculate VE. Although this high coverage is clearly a mark of success of Ghana’s 

immunization program, it presents a major challenge for an observational case-control study. 

Second, analysis of trends was limited geographically in that only 2 urban sites from the 2 

largest cities in Ghana (Accra and Kumasi) conducted consistent surveillance over a long 

enough time period. High vaccine coverage in these 2 sites may not be representative of 

more rural parts of Ghana. Rotavirus epidemiology could also differ, perhaps with a lower 

force of infection and older age distribution in less densely populated areas. Third, we had 

only 2 years of prevaccination data and <3 years of postvaccination data from these 2 

surveillance sites. A longer prevaccination series would give further confidence that these 

observations are indeed a result of mass immunization. We recommend continued 

prospective surveillance to evaluate the longer term impact of vaccination.

Although there are certain concerns about the accuracy and precision of these VE estimates 

due to the high vaccination coverage rates in Ghana, it is interesting to note that the VE is 
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consistent with estimates from the limited clinical trials and observational studies in Ghana 

and elsewhere in Africa [16]. RV1 was trialed in Malawi and South Africa, where VE 

against severe rotavirus gastroenteritis was estimated at 49.4% and 76.9%, respectively [17]. 

The efficacy of 3-dose pentavalent (RV5) vaccine against severe rotavirus gastroenteritis was 

39% in sub-Saharan Africa and 56% in the Ghana arm of the trial. In postintroduction 

evaluations of routine RV1 use in Africa, VE has been estimated at 64% (95% CI, 24%–

83%) in Malawi [18] and 54% (95% CI, 32%–68%) among children <1 year of age in South 

Africa [7]. Our observed 49% reduction in rotavirus hospitalizations in Ghana is also very 

similar to that of the other early-introducing African countries. In South Africa, reductions 

of 54% and 58% in the first and second years (2010 and 2011), respectively, after vaccine 

introduction were observed [19], and in Malawi, reductions of 43% were observed in the 

second season (2014) following vaccine introduction. Indeed, 50% reductions were observed 

in preliminary analysis in one of our surveillance sites (Korle Bu Teaching Hospital) in 

Ghana [20].

Taken together, these data suggest a reduction in rotavirus-associated hospitalizations 

commensurate with high coverage (approximately 95%), with a vaccine of moderate 

efficacy (approximately 50%–60%). This analysis has implications for Ghana, as it is set to 

graduate out of Gavi support eligibility and will increasingly be responsible for self-

financing its national vaccination program. These early-impact data support sustained use of 

rotavirus vaccine. In combination with findings from other early-introducing countries in 

sub-Saharan Africa, these data should be encouraging for other countries in the region 

considering introducing rotavirus vaccination into their national programs. This study also 

has implications for evaluating impact in those countries. Surveillance should be performed 

consistently for a number of years prior to vaccine introduction, and case-control evaluations 

of VE should be started as early as possible after vaccine introduction and should be 

conducted in selected subpopulations that do not historically have very high vaccine 

coverage. We recommend continued surveillance for rotavirus gastroenteritis in Ghanaian 

hospitals to monitor vaccine uptake and to assess the medium- and long-term impacts of 

rotavirus vaccination.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Age in weeks of receipt of dose 1 (A) and dose 2 (B) of monovalent rotavirus vaccine, and 

1-dose and 2-dose vaccine coverage by quarter of birth (C).
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Figure 2. 
A, Rotavirus (RV)–positive and RV-negative hospital admissions among children <5 years of 

age. B, RV-positive hospital admissions by age. Ghana, January 2010–December 2014. 

Vaccine was introduced nationally in April 2012 (dashed lines).
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Figure 3. 
Enrollment and exclusion flowchart for case-control study. Abbreviations: +ve, positive; 

−ve, negative.
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Figure 4. 
Regional distribution (A) and vaccine coverage (B) among cases and controls.
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Table 2.

Sociodemographic and Clinical Characteristics, and Coverage of Other Vaccines Among Cases and Controls

Characteristic Cases (n = 207) Controls (n = 450) P Value

Sociodemographic characteristics

 Age, mo
a 11.3 (0.3) 11.5 (0.2) .63

 Female sex 48% 40% .064

 No. of rooms in household
a 5 (4.5) 5 (3) .58

 No. of children in household
a 1 (2) 1 (3) <.001

 Mother’s age, y
a 27 (10) 28 (9) .12

 Birthweight, kg
a 2.9 (0.7) 3.0 (0.7) <.001

 Maternal education, secondary or greater 63% 69% .29

 Mother married 86% 82% .14

 Paternal education, secondary or greater 69% 76% .05

 Ever breastfed 99% 98% .15

 Currently breastfed 92% 88% .24

Clinical characteristics

 Diarrhea, d
a 2 (2) 3 (2) <.001

 Maximum diarrhea episodes in 24 h
a 5 (2) 4 (3) .014

 Vomiting 91% 63% <.001

 Vomiting, d
a 2 (2) 2 (2) .54

 Maximum vomiting episodes in 24 h
a 4 (3) 3 (2) <.001

 Received ORS 47% 60% .009

 Modified Vesikari severity score
a 12 (3) 10 (5) <.001

 HIV infected 4% <1% .01

Vaccination

 Rotavirus dose 1 95% 97% .21

 Rotavirus dose 2 95% 95% .83

 Pentavalent
b
 dose 1 100% 99% .17

 Pentavalent
b
 dose 2 >99% 99% .58

 Pentavalent
b
 dose 3 >99% 98% .13

 PCV dose 1 97% 98% .37

 PCV dose 2 94% 95% .24

Abbreviations: HIV, human immunodeficiency virus; ORS, oral rehydration solution; PCV, pneumococcal conjugate vaccine.

a
Mean (standard deviation).

b
Haemophilus influenzae type B, pertussis, tetanus, hepatitis B, and diphtheria vaccine.
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Table 3.

Cases and Controls and Vaccine Coverage by Region

Region

Cases Controls

Total No.No. (%
a
) Vaccinated

b
, No. (%) No. (%

a
) Vaccinated

b
, No. (%)

Kumasi 40 (39) 37 (93) 61 (59) 60 (98) 101

Ho/Volta 21 (10) 19 (90) 172 (90) 165 (96) 193

Accra 43 (28) 40 (93) 109 (72) 105 (96) 152

Navrongo 103 (49) 101 (98) 108 (51) 107 (99) 211

Total 207 (32) 197 (95) 450 (68) 437 (97) 657

a
As a percentage of all eligible and enrolled.

b
With at least 1 dose of RV1.
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