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Abstract

We examined the coverage and timing of rotavirus vaccination and the impact of rotavirus vaccine 

introduction on coverage and timing of pentavalent vaccination. We used data from the Demographic 

and Health Surveys in Honduras (2011/2012) and Peru (2012). The samples were divided into two 

subcohorts; children born before and after introduction of rotavirus vaccine and compared coverage 

and timing of pentavalent vaccination in two subcohorts. Coverage with the first and second doses of 

rotavirus vaccination was 95% (95% confidence intervals: 93-97%) and 91% (89-95%) in Honduras 

and 79% (77-82%) and 72% (69-75%) in Peru, respectively. Coverage increased constantly in both 

countries over the years. The proportion of children vaccinated according to the age recommendations 

varied between 67% (second dose of rotavirus vaccinations in Peru) and 89% (first dose of rotavirus 

vaccination in Honduras). The coverage with the first and second doses of pentavalent vaccination 

remained constant over the years in Honduras, while in Peru there was a significant increase in 

coverage over the years (p for trend, <0.0001). In both countries, timing of pentavalent vaccination 

was better in post-rota-cohorts than in pre-rota-cohorts. Since its introduction coverage of rotavirus 

vaccination has improved over time in both countries. An introduction of rotavirus vaccination in both 

countries seems to improve the coverage and timing of other similarly scheduled vaccinations.

Introduction

Rotavirus is one of the leading causes of high morbidity and mortality among children under the age of 

5 years in particularly low-income countries. 1;2 Worldwide, an estimated 453,000 deaths occurred due 

to rotavirus among children under the age of  5 years in 2008, i.e.  prior to the introduction of  the  

rotavirus vaccine.  3;4 The burden of rotavirus disease is considerable in Latin America. According to 

Gutierrez, rotavirus was responsible for around 15,000 deaths, 75,000 hospitalizations and 2 million 

outpatient clinic visits every year in Latin American countries and the Caribbean. 5 In around 50% of 

children  hospitalized  due  to  acute  gastroenteritis  rotavirus  was  the  causative  agent.  6 In  Peru, 

gastroenteritis caused by rotavirus is responsible for approximately 810 deaths per year in children 

under 5 years of age. 7 In Honduras, an estimated 66,600 outpatient visits, 1888 hospitalizations, and 

70 in-hospital deaths among children under age of 5 years could be attributed to rotavirus each year. 8 

These estimates likely underestimate the true burden of  diarrheal disease attributable to rotavirus 

since, for instance, in Honduras, approximately 50% of children with acute diarrhea do not receive 

formal care for the illness, 70% do not receive oral rehydration solution, and 80% of diarrheal deaths 

occur outside of hospitals. 
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Currently, two oral, live attenuated, effective rotavirus vaccines are internationally available. The World 

Health  Organization  (WHO) recommends including rotavirus  vaccines  in  all  national  immunization 

programmes and reiterates that the use of rotavirus vaccines to be part of a comprehensive strategy to 

control diarrheal diseases. 3 Brazil, El Salvador and Panama were among the first countries worldwide 

which introduced rotavirus vaccination into their national immunization programmes. As of January, 

2015,  17  Latin  American  countries  have  introduced  rotavirus  vaccination  into  their  national 

immunization programmes. 9 Most of these countries, introduced the Rotarix® vaccine, a monovalent, 

live attenuated, oral vaccination (GlaxoSmithKline Biologicals, Rixensart, Belgium) with two doses. 

In  contrast  to  other  childhood  vaccinations  (e.g.  pentavalent  vaccination  that  protects  against 

diphtheria,  tetanus,  pertussis,  hepatitis  B  and  Haemophilus  influnzae type  B),  which  can  be 

administered  at  later  ages  than  recommended,  rotavirus  vaccination  has  a  strict  administration 

schedule. 10 The vaccine should not be administered before the age of 6 weeks. The interval between 

two vaccine doses should be at least four weeks. 3 The WHO’s Strategic Advisory Group of Experts 

(SAGE)  on  immunization  in  its  April  2012  session  recognized  that  employing  more  flexible 

immunization  schedules  was  necessary  in  order  to  increase  coverage  of  rotavirus  vaccination.  3 

Furthermore, SAGE further recognized that the burden of disease attributable to rotavirus in countries 

is disparate and hence country-specific plans were necessary to best assess how the removal of age 

restrictions  on  vaccine  administration  could  be  introduced  in  a  manner  that  supports  existing 

programs.  3 In  the  Region  of  the  Americas,  the  PAHO’s  Technical  Advisory  Group  on  Vaccine-

preventable Diseases recommends further compliance with the age recommendations of  rotavirus 

vaccine. However, a later administration of the rotavirus vaccine among children up to one year of age  

can be considered in regions with high mortality due to rotavirus infections. 11 

The correctly scheduled administration of rotavirus vaccination may have an impact on other childhood 

vaccinations administered  at  the same age (e.g.  pentavalent  or  diphtheria,  tetanus and pertussis 

[DTP] vaccination). Thus far, only a few studies have examined the impact of rotavirus vaccination on 

coverage and timing of  other  childhood vaccinations.  In two Australian studies the introduction of 

rotavirus vaccination actually improved the timing of DTP vaccination. 12;13 

Considering the burden of rotavirus associated diarrhoea in Latin America we aim to investigate the 

coverage and timing of rotavirus vaccination and the impact of rotavirus vaccination on the timing of  

other  similarly  scheduled  vaccinations  such  as  pentavalent  vaccination  in  countries  for  which 
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Demographic and Health Survey (DHS) data were available. DHS data on rotavirus vaccination was 

available for two Latin American countries, Honduras and Peru.

Results

Coverage estimates for rotavirus vaccination

Coverage with rotavirus vaccination increased constantly in both countries over the years (Fig. 1).  The 

increase was more prominent in Honduras, reaching a coverage with the first and second doses of  

rotavirus vaccination (referred to as rota1 and rota2 henceforth) of 95.3% (95% confidence intervals,  

92.6-97.1%) and 92.1% (95% CI: 88.7-94.5%), respectively, in the year 2011 (Fig. 1A). In Peru the 

coverage in the same year was 79.3% (95% CI: 76.6-81.7%) and 71.9% (95% CI: 69.0-74.7%) (Fig. 

1B).

Timing of rotavirus vaccination

The  proportion  of  children  vaccinated  with  rotavirus  vaccination  according  to  the  age 

recommendations varied between 67% (rota2 in Peru) and 89% (rota1 in Honduras) (Table 2, columns 

2-6). Only a few children received rotavirus vaccine too early (less than 2% in both countries). The 

proportion of children who received rota1 unacceptably late, i.e. after the upper age limit of 15 weeks,  

was low in both countries. However, about 13% of children in Peru received rota2 after the age limit of  

25 weeks. This proportions decreased by year of birth in both countries (Fig. 2). The proportion of  

children vaccinated with an interval of less than four weeks between two rotavirus vaccine doses was 

very low in both countries (0.25% in Honduras and 0.78% in Peru). We analysed correct timing of 

rotavirus vaccine over time and found that it improved slightly in both countries (Fig. 2).  Of the 5094 

children in Honduras who received both rota1 and first dose of pentavalent vaccine (referred to as 

penta1 henceforth), 83% were administered on the same day and 17% on different occasions. Of 

3616 children who were only vaccinated with penta1 and not with rota1, 84% were vaccinated within 

the recommended age window for rotavirus vaccination (i.e. missed opportunities for rota1). Of the 

4821 children in Peru who were vaccinated with both rota1 and penta1, 83% were administered on the 

same day and 17% on different appointments. Of the 1989 children who only received penta1, 71% 

were administered within the recommended age window (i.e. missed opportunities).  

Impact of rotavirus vaccination on coverage and timing of pentavalent vaccination
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The coverage with penta1 and penta2 over the years remained constant in Honduras; there was a  

marginal decrease in penta2 coverage (p for trend, 0.38) (Fig. 1A). The coverage with penta1 and 

penta2 doses increased significantly over the years in Peru (p for trend for both doses, <0.0001) (Fig. 

1B). There was a gap in  coverage with rotavirus vaccination compared to pentavalent vaccination, 

which decreased over the years in both countries. The coverage of rota1 and rota2 was slightly lower 

than 10 percentage points compared to penta1 and penta2 in Honduras in 2011, respectively. There 

was a coverage gap of nearly 20% percentage points between rota2 and penta2 in Peru in the same 

year. Timing of penta1 and penta2 was slightly better in the post-rota-cohort as compared to the pre-

rota-cohort  in  Honduras  (penta1:  log-rank test,  n=8707,  p<0.0001;  penta2:  log-rank test,  n=8249, 

p<0.0001) (Table 3 and Fig. 3A-3B). In Peru, timing of both doses of pentavalent vaccination was 

visibly better in the post-rota-cohort as compared to the pre-rota-cohort (penta1: log-rank test, n=7824,  

p<0.0001; penta2: log-rank test, n=8040, p<0.0001) (Table 3 and Fig. 3C-3D). 

Discussion

The present study is a large-scale analysis of rotavirus vaccination in Honduras and Peru. We used 

DHS data to assess the coverage and timing of this vaccination as well as to examine the impact of  

rotavirus vaccine introduction on the coverage and timing of pentavalent vaccination. 

The  results  suggest  that  coverage  of  rotavirus  vaccination  has  an  increasing  trend  since  its 

introduction in 2009 in both countries. The situation was better in Honduras; vaccination coverage was 

over 90% for both vaccine doses compared to 72% (rota2) and 79% (rota1) in Peru. Our findings are 

consistent  with  a  report  from the  CDC which  used  administrative  data  and  reported  vaccination 

coverage rates similar to ours for both countries.  14 In addition, the proportion of children vaccinated 

according to the age recommendations for rotavirus vaccination was higher in Honduras than Peru. In 

Honduras, not only is rotavirus vaccination coverage high, but also nearly all administered doses are 

valid and generally timely. On the other hand, in Peru, despite steady improvements in vaccination 

coverage, timing of rotavirus vaccine administration remains an issue. 

According to the Regional Immunization and Vision strategy 2007-2015 of the Pan American Health 

Organization  (PAHO),  National  Immunization  Programs  (NIPs)  in  the  Americas  have  reached 

approximately  90%  vaccination  coverage  for  all  childhood  vaccines,  and  the  goal  for  national 

vaccination coverage is to achieve greater than or equal to 95% coverage. Based on our analysis for 
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rotavirus vaccination, Honduras has achieved the 95% target at least for the first dose of the vaccine  

and is close to achieving this target for the second dose as well. However, Peru is lagging behind in 

terms of rotavirus vaccination coverage and has still not achieved coverage greater than or equal to  

90%. Further efforts are needed to improve the coverage with rotavirus vaccination, in particular in 

Peru. It is likely that the stringent age restrictions for initiating and completing the rotavirus vaccination 

series contribute to a lower coverage with rotavirus vaccination. 15 One possibility to improve rotavirus 

vaccination coverage would thus be to broaden age restrictions. According to Patel et al.,  the lives 

saved in  low-  and middle-income countries by removing age  restrictions for  rotavirus  vaccination 

would far outnumber the potential excess vaccine-associated intussusception deaths.  16 Without the 

age restrictions, a rotavirus vaccination program in these countries would prevent 45% or 203,000 

deaths  of  all  rotavirus  deaths  (102,000–281,500),  which  would  represent  47,200  more  deaths 

prevented (18,700–63,700) than with an age-restricted schedule. A removal of age restrictions should 

particularly be given consideration in settings where mortality benefits outweigh the risks of rotavirus 

vaccine  associated  morbidity  and mortality.  Immunization  programs will  hence  be able  to  access 

children who are currently excluded from the benefits of rotavirus vaccination. 16 

Although the coverage of rotavirus vaccination increased over the years in both countries, it is still  

lower  than  the  coverage  of  pentavalent  vaccination.  The  gap  in  vaccination  coverage  between 

rotavirus  and  pentavalent  vaccinations  was  greater  in  Peru  with  nearly  20%  percentage  points 

between rota2 and penta2 in  2011.  Flannery et  al.,  reported similar  findings for  Brazil  where the 

coverage with rotavirus vaccination (83%) was lower compared to coverage for other recommended 

childhood  immunizations  (≥94%).  15 Similar  findings  were  also  observed  in  other  Latin  American 

countries, including Peru. 14 Factors that might explain this coverage gap might include differences in 

how countries implement WHO's recommendations to initiate rotavirus vaccination at age 6–15 weeks,  

vaccine shortages, or logistical challenges resulting from the relatively large rotavirus vaccine cold 

chain volume and the need for additional vaccine carriers to deliver rotavirus vaccines. 17 Evaluating 

the reasons for the coverage gap between pentavalent and rotavirus vaccinations and addressing 

them will be important to gain the full benefit of rotavirus vaccination. Possible strategies for narrowing 

this gap in vaccination coverage could include improvements in the correct timing of vaccination and in 

the tracking of infants who miss vaccination, and assessment of the benefits and risks of the WHO age 

restriction policy. 18
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The results of our analysis suggest that rotavirus vaccine introduction might have had an impact upon 

coverage  and  correct  timing  of  other  similarly  scheduled  vaccinations,  as  has  been  observed  in 

previous  publications.  12;13 The  improvement  was  particularly  visible  in  Peru  where  vaccination 

coverage and correct timing of pentavalent vaccination increased in the cohort of children born after 

the introduction of rotavirus vaccination as compared to the cohort of children born before introduction  

of rotavirus vaccination. In Peru, pneumococcal vaccines were also introduced in 2009 and it is quite  

possible that the introduction of two new vaccines actually directed significant resources and attention 

to  the  national  immunization  program.  This  might  account  for  the  observed  improvement  in 

pentavalent vaccination coverage and timing in the country. 19 Consistent with previous observations, 

timeliness of childhood vaccines typically decreases with subsequent doses and the greatest delays 

typically occur for the last dose. 13 In earlier studies, although, improvements were seen in all doses of 

the DTP vaccine, a definite trend towards increased rates for timely uptake were observed specifically 

for the third dose of DTP vaccine. 13  In the current analysis only two doses of the pentavalent vaccine 

were analyzed, however, improvement in timing were particularly prominent for the second dose of the  

vaccine. 

Limitations

A major limitation of analyzing vaccination data from DHS surveys is the availability of vaccination  

cards. Vaccination data in our analysis were mostly obtained from child health cards available with the 

mother  or  at  local  health  care facilities.  Vaccination  records were available  for  85% and 75% of  

children in the samples in Honduras and Peru, respectively.  For children without vaccination records, 

we  took  account  of  mothers’  reports  to  generate  vaccination  coverage  estimates.  Therefore,  the 

likelihood of recall  bias and incompleteness of  data must be taken into account when interpreting 

these estimates. We restricted ourselves to vaccination card reports to examine vaccination timing to 

minimize  biased  estimates  resulting  overestimating  correctly  timed  vaccines.  Considering  the 

proportion of children in the samples in Honduras and Peru with vaccination cards our results on 

vaccination timing cannot be considered to be nationally representative.

Conclusions

Our study shows that since its introduction, coverage of rotavirus vaccination has improved in both 

countries.  To maximize benefits  of  rotavirus vaccination,  strategies are needed to further  improve 

coverage  and  correct  timing  of  this  vaccination.  An  introduction  of  rotavirus  vaccination  in  both 
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countries seems to improve coverage and correct timing of other similarly scheduled vaccinations. 

These  findings  may have  implications  for  other  countries  where  delays  in  other  vaccinations  are 

common. 

Material and methods

Study design and sampling

We used data from the DHS conducted in Honduras (2011/2012) and Peru (2012). DHS are nationally 

representative household surveys conducted worldwide in low- and middle-income countries with the 

purpose to collect data on a wide range of monitoring and impact evaluation indicators in the areas of 

population, health and nutrition (www.dhsprogram.com). In brief, DHS respondents are selected using 

a multi-stage sampling process, and most DHS are stratified by urban and rural location and/or by 

geographical region. All women between 15 and 49 years of age living in the households were eligible 

to participate in the survey. Data were collected during face-to-face interviews. DHS methodology is 

described in detail elsewhere. 20  

Vaccination data

In  the included DHS surveys,  information on childhood vaccinations was collected on all  children 

between 0 and 59 months of age living in the households. Vaccination data were collected by asking 

respondents to show the interviewer the vaccination card of children born in the past 5 years. If the 

card was available, the interviewer copied the vaccination data (whether vaccination was given to the 

child and the date of vaccination) into the questionnaire. If the card was not available, respondents 

were asked to recall vaccinations given to the child. In the latter case, the exact date of vaccination  

was not recorded. 

Statistical analysis

First, we estimated the proportion of children vaccinated with rota1, rota2, penta1 and penta2 doses 

among children between 12 and 59 months of age. Sample weights provided in the surveys were used  

to obtain country representative estimates. This analysis was based on data from vaccination cards 

and maternal reports. We estimated the proportion of children vaccinated before the age of six weeks 

(too early rota1) and with an interval between first and second doses less than 4 weeks (interval-
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invalid rota2) (ref). Furthermore, we estimated the proportion of children vaccinated after the upper 

age  limits  (15  weeks  for  rota1  and  25  weeks  for  rota2).  We  then  divided  the  sample  into  two 

subcohorts: children born prior to and after the introduction of rotavirus vaccination (referred to as pre- 

and post-rota-cohort). In both countries, rotavirus vaccination was introduced in January, 2009 (Table 

1).  We compared  coverage  and  timing  of  penta1  and  penta2  vaccine  doses  in  the  two  above 

mentioned  subcohorts.  The  recommended  schedules  for  rotavirus  and  pentavalent  vaccination 

administration are the same in both countries (Table 1). Finally, we applied the Kaplan-Meier method  

to estimate cumulative vaccination coverage of pentavalent vaccination in the two sub-cohorts. In this  

analysis, we included all children between 0 and 59 months of age. This analysis was only based on 

data from vaccination cards. If vaccination had not been received by the day of interview, the case was 

classified as censored. The Kaplan-Meier method was performed with the statistical programme Stata 

for Windows, version 12.1 (StataCorp LP, Texas, United States). Figure 1 was made with the software  

tool R, version 3.1.3 (The R Foundation for Statistical Computing).
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FIGURE LEGENDS

Figure 1. Coverage of two doses of rotavirus and two doses of pentavalent vaccination in 

Honduras (A) and Peru (B)

A vertical dash line represents the year of introduction of rotavirus vaccine. The vaccination coverage 

was estimated among children between 12 and 60 months of age. Information on coverage was based 

on vaccination records and maternal reports. 
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Figure 2. Timing of administration of the first dose of rotavirus vaccination in Honduras and (A) 

and Peru (B) by year of birth
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Figure 3. Cumulative vaccination coverage with pentavalent vaccine by subcohort in Honduras 

(A-B) and Peru (C-D)

* Curves show inverse Kaplan-Meier estimates and 95% confidence intervals. A. Penta1 vaccination in 

Honduras; B. Penta2 vaccination in Honduras; C. Penta1 vaccination in Peru; D. Penta2 vaccination in 

Peru.
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TABLES

Table 1. Introduction of rotavirus vaccination, age at vaccine administration and selected socio-

demographic characteristics of the study population

Country Introduc
tion of 

rotaviru
s 

vaccinat
ion

(month 
and 

year)╪

Current 
vaccine

╪

Child’s 
age at 

administ
ration of 

rota1 
and 

rota2 
vaccine 
doses

(weeks)
╫

Child’s 
age at 

administ
ration of 
penta1 

and 
penta2 
vaccine 
doses

(weeks)
╫

Demogr
aphic 
and 

Health 
Survey
(year)

Number 
of 

children 
between 
0 and 59 
months 
of age

(n)

Proporti
on of 

children 
with 

available 
immuniz

ation 
records

(%)

Proporti
on of 

female 
children

*
(%)

Proporti
on of 

children 
living in 
urban 
area*
(%)

Honduras Jan., 
2009

Rotarix® 8 and 16 8 and 16 2011/201
2

10,888 85.1 48.0 33.8

Peru Jan., 
2009

Rotarix® 8 and 16 8 and 16 2012 9620 75.3 48.9 57.5

* The proportion of male children and children living in rural areas can be subtracted. 

╪ Country National Immunization Program. Introductions of rotavirus vaccine. PATH. 2015

╫ Immunization summary. A statistical reference containing data through 2010. UNICEF/WHO. 
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Table 2.Timing of administration of rotavirus vaccination and proportion of children vaccinated on time with pentavalent vaccination by country

Rotavirus vaccination Pentavalent vaccination
Country Vaccine doses Too early*,

%
Vaccine 

administered at 
recommended 

ages**,
%

Acceptably 
late***,

%

Unacceptably 
late****,

%

Cohort Proportion of penta1 
vaccination 

administered at 
recommended ages,

% (95% CI)

Proportion of 
penta2 vaccination 

administered at 
recommended 

ages,
% (95% CI)

Honduras Rota1 (n=5117) 1.5 88.7 5.6 4.3 Pre-rota-cohort (n=3842) 86.4 (85.2-87.7) 70.3 (68.7-71.9)
Rota2 (n=4445) 0.7 77.1 15.5 6.8 Post-rota-cohort (n=7046) 89.5 (88.7-90.3) 74.9 (73.8-76.1)

Peru Rota1 (n=4845) 1.6 78.1 17.0 3.2 Pre-rota-cohort (n=2758) 68.5 (66.5-70.5) 51.0 (48.9-53.2)
Rota2 (n=3984) 1.3 66.8 19.3 12.6 Post-rota-cohort (n=6862) 79.5 (78.4-80.5) 64.0 (62.7-65.3)

* Rotavirus vaccination administered before 8 weeks of child’s age (rota1) and before 16 weeks (rota2).

** Rotavirus vaccination administered between 8 and 12 weeks (rota1) and between 16 and 20 weeks (rota2).

*** Rotavirus vaccination administered between 12 and 15 weeks (rota1) and between 20 and 25 weeks (rota2). 

**** Rotavirus vaccination administered after 15 weeks (rota1) and 25 weeks (rota2).


