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M A J O R  A R T I C L E
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Background. Vaccination reduces mortality from infectious disease, which is the leading cause of death in children under 5 and 
bears a particularly high burden in low- and middle-income countries. The Global Vaccine Action Plan (2011–2020) has set a target 
of 90% vaccine coverage for all vaccines included in national immunization programs by 2020. The objectives of this study were to 
estimate vaccine coverage among children in Madagascar, Cambodia, and Senegal and to identify the risk factors associated with 
incomplete vaccination.

Methods. Using data from a community-based prospective cohort that included all newborn of some areas from 2012 to 2018 in 
these 3 countries, vaccine coverage was estimated for BCG, hepatitis B, oral polio, pentavalent (targeting diphtheria, tetanus, 
pertussis, hepatitis B, and Haemophilus influenzae type b), and measles vaccines. Risk factor analysis was performed with 
logistic regression models to identify correlates of incomplete vaccination.

Results. A total of 3606 children were followed up, and vaccine coverage was below the 90% threshold for most vaccines in all 
countries. Coverage was higher for vaccines recommended at birth and at 6 weeks, while a decrease in coverage for subsequent doses 
was observed for vaccines requiring several doses (23–47 points). Low birth weight (<2500 g) was an important risk factor for 
nonvaccination for vaccines recommended at birth in all 3 countries (adjusted odds ratio [95% confidence interval] ranging 
from 1.93 [1.11–3.38] to 4.28 [1.85–9.37]).

Conclusions. Vaccine coverage for common childhood vaccines was lower than World Health Organization recommendations, 
and multidisciplinary approaches may help to improve vaccine coverage and timeliness.
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Introduction

Despite the 3 million deaths prevented each year by childhood 
vaccination [1], the burden of vaccine-preventable diseases is 
still high in low- and middle-income countries (LMICs) [2]. 
A recent measles outbreak in Madagascar, with >100 000 re-
ported cases and nearly 1000 deaths, highlights ongoing vulner-
ability to infectious diseases for which effective and widely 
available vaccines exist [3]. The Global Vaccine Action Plan 
(2011–2020) has defined vaccine coverage (VC) targets to be 
reached by 2020 [4]: vaccines included in national programs 
should reach 90% VC nationally, and 80% VC in every district.

The main sources of VC data in LMICs are national reports, 
Demographic and Health Surveys (DHSs), and Multiple 
Indicator Cluster Surveys (MICSs). National reports are typi-
cally based on data collected from healthcare facilities, thus 
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missing children whose parents do not seek care. DHSs and 
MICSs are based on cluster surveys designed to be representa-
tive of the national population, but the sampling might not be 
exhaustive for each selected cluster. All of these data sources 
have some limitations [5], justifying different approaches to es-
timate VC, in relation to 2020 targets.

It is also necessary to identify the determinants associated 
with noncompletion of vaccine schedules to inform and opti-
mize interventions. Several studies, mostly based on DHS, 
have examined these determinants [6–9] and found common 
factors associated with nonvaccination, for example, low house-
hold wealth, low parental education, lower maternal age at de-
livery, or distance from health facility. However, they did not 
investigate risk factors on a vaccine-by-vaccine basis, and 
some factors may be specific to the vaccine delivered at birth.

The goal of this study was to estimate VC of vaccines includ-
ed in national immunization programs among children in 3 
LMICs (Cambodia, Madagascar, and Senegal), and to identify 
risk factors associated with incomplete immunization.

METHODS

Study Design

This study is based on data from the BIRDY (Bacterial Infections 
and Antibiotic-Resistant Diseases Among Young Children in 
Low-Income Countries) cohort [10]. Details of the study design 
have been described elsewhere [11]. In brief, this cohort took place 
in Madagascar (2012–2018), Cambodia (2014–2018), and Senegal 
(2014–2018), across both an urban site and a rural site in each 
country. All children were included at birth and followed up dur-
ing home visits up to the maximum duration of follow-up. For fi-
nancial and logistical reasons, duration of follow-up was country 
specific: in Madagascar, 6 months during the pilot phase (2012– 
2014) and 18 months thereafter (2014–2018); in Cambodia, 24 
months; and, in Senegal, 3 months in the rural site and 1 year in 
the urban site (Figure 1A). At each home visit, the birth parent 
was asked if the child had received a vaccine since the last visit. 
Then, the type of vaccine and the date of immunization were 
checked in the child’s vaccination card.

Vaccines schedules were defined as per the Expanded 
Programme on Immunization, which varied slightly across 
countries (Figure 1B). Vaccines considered for VC estimation 
were as follows: 

1. At birth: hepatitis B vaccine <24 hours from birth, oral polio 
vaccine (OPV) <14 days from birth, and BCG vaccine <14 
days from birth.

2. After birth: pentavalent vaccine (targeting diphtheria, teta-
nus, whooping cough, hepatitis B, and Haemophilus influen-
zae type b), OPV (3 doses for Cambodia and Madagascar 
and 2 doses for Senegal, due to the different duration of 
follow-up in each country), and measles vaccine (1 dose). 

As a catch-up is recommended during the first year of life 
for BCG, we also considered BCG VC at 12 months.

Some vaccines included in the national program were intro-
duced during the study, such as rotavirus and pneumococcal 
vaccines, and some were country specific (yellow fever and 
Japanese encephalitis vaccines in Senegal and Cambodia, re-
spectively). Data on these vaccines were thus not collected in 
this study. VC was assessed for each dose of each vaccine at 
each site for as long as follow-up at that site allowed. Details 
of the study populations assessed, combining the local vaccine 
schedule and length of follow-up at each site, are presented in 
Supplementary Table 1. To calculate VC for each dose, the pro-
portion of children vaccinated was calculated with its 95% con-
fidence interval (CI). For each estimate, the numerator was 
taken as the number of children vaccinated with that particular 
dose given a corresponding minimum duration of follow-up 
(defined in Supplementary Table 1), and the denominator as 
the total number of children still followed up for that duration.

Statistical Analysis

Comparisons were made between countries and sites using 
the χ2 test (or Fisher exact test) for qualitative variables 
and the Student’s t-test (or nonparametric Mann-Whitney 
test) for quantitative variables. The tests were 2-tailed, and 
the significance threshold was set at .05. The median was 
used to categorize the quantitative variables. Low birth 
weight (LBW) was defined as <2500 g. Due to different dis-
tributions across countries, low education was defined as 
none or primary in Cambodia and Madagascar and none 
in Senegal.

Vaccines considered as outcomes for risk factors of incom-
plete vaccination were as follows: 

1. At birth: absence of hepatitis B vaccine <24 hours, absence of 
OPV <14 days, and absence of BCG vaccine <14 days. 
Hepatitis B vaccine was not considered for Senegal as this vac-
cine was only recommended in 2016, thus limiting sample size.

2. After birth: <2 doses of pentavalent vaccine and <2 doses of 
OPV among children followed up for at least 4 months. The 
OPV dose at birth was not considered here in the calculation 
of doses for Madagascar and Senegal. Only OPV doses at 6 
and 10 weeks were considered. In the rural site in Senegal, 
vaccines recommended after birth were not considered 
due to insufficient follow-up.

Logistic regression models were used to identify factors asso-
ciated with incomplete immunization, with separate models 
considered for each country.

Explanatory variables included in regression models were 
sociodemographic characteristics, pregnancy history, and child 
characteristics. We considered LBW as a proxy of prematurity. 
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Indeed, in a perspective of an intervention, the measurement of 
birth weight is more accessible whereas the estimation of the 
gestational age is very challenging in LMIC settings. After uni-
variate analysis across all variables, a manual backward step-
wise procedure was used to determine which variables to 
include in multivariate analysis, using an inclusion threshold 
P = .2 and a significance threshold P = .05. The sex of the child 
and the site were forced in all multivariate analysis. Some var-
iables were correlated (birth parent age and parity; birth parent 
education and occupation) and to avoid multi-collinearity, the 
variable with the strongest association with the outcome was 
kept in the model.

Birth weight was missing for some children, so 2 sensitivity 
analyses were performed. First, all children without birth 
weight were assumed to have LBW; second, these children 
were assumed to have normal birth weight.

All analyses were carried out in R software (version 3.6.1).

Patient Consent Statement

The study was approved by the ethics committees of 
Madagascar (036-MSANP/CE and 068-MSANP/CE), Senegal 
(SEN 14–20), and Cambodia (108 NEHCR) and the 
Institutional Review Board of Institut Pasteur, France (IRB/ 
2016/08/03). All parents or guardians of the participants gave 
written informed consent.

RESULTS

Study Population

Overall, 3693 infants were born in the time frame of the BIRDY 
cohort across Cambodia, Madagascar, and Senegal. Of these, 
3606 were followed up at least once during the first week of 
life (see Supplementary Figure 1 for details).

Birth parent came more often from rural areas in 
Madagascar (60.9%) and Cambodia (54.7%), and more often 

Figure 1. Study design of the Bacterial Infections and Antibiotic-Resistant Diseases Among Young Children in Low-Income Countries (BIRDY) cohort and national immu-
nization programs in Cambodia, Madagascar, and Senegal. A, Schedule of home visits of the BIRDY cohort by country and site. B, Vaccines recommended in the national 
immunization programs of Cambodia, Madagascar, and Senegal and included in the analysis. (Other vaccines are recommended in these countries, but not covered in this 
study.) A dose of hepatitis B vaccine is recommended at birth, within the first 24 hours, in Cambodia and Senegal but not in Madagascar. One dose of oral polio vaccine is 
recommended at birth, within the first 14 days, in Senegal and Madagascar only. A second dose of measles vaccine is recommended at 15 months in Senegal and 18 months 
in Cambodia, whereas in Madagascar, only 1 dose is recommended. Abbreviations: HepB, hepatitis B vaccine; OPV zero, oral polio vaccine at birth; OPV 1, oral polio vaccine 
recommended at 6 weeks; OPV 2, oral polio vaccine recommended at 10 weeks; OPV 3, oral polio vaccine recommended at 14 weeks; Penta, pentavalent vaccine (diphtheria, 
tetanus, pertussis, Haemophilus influenzae type b, hepatitis B).
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from the urban site in Senegal (59.7%) (P < .001; Table 1). 
Respectively, 73.5%, 54.1%, and 24.3% of birth parents in 
Senegal, Cambodia, and Madagascar did not go to school or 
only attended primary school (P < .001). In Cambodia, 3.9% 
of the newborns had LBW. This proportion was 10.1% in 
Madagascar and 7.7% in Senegal (P < .001).

Vaccine Coverage
Vaccines Recommended at Birth
A complete list of VC estimates is provided in Supplementary 
Table 2. The hepatitis B vaccine was administered at birth in 
77% (95% CI, 74%–80%) of children in Cambodia and 71% 
(95% CI, 63%–78%) in Senegal (Figure 2A). For OPV, 47% 

Table 1. Characteristics of Included Children and Their Birth Parent by Country and Site, 2012–2018

Characteristic Cambodia Madagascar Senegal P Valueb

Birth Parenta (n = 786) (n = 2055) (n = 725)

Rural 
(n = 430)

Urban 
(n = 356)

Rural 
(n = 1251)

Urban 
(n = 804)

Rural 
(n = 292)

Urban 
(n = 433)

Education <.001

None 20 (4.7) 34 (9.6) 25 (2.0) 8 (1.0) 87 (29.8) 171 (39.5)

Primary 216 (50.2) 155 (43.5) 287 (22.9) 179 (22.3) 110 (37.7) 165 (38.1)

Secondary or university 194 (45.1) 167 (46.9) 939 (75.1) 617 (76.7) 95 (32.5) 97 (22.4)

Occupation <.001

Unemployed or student 102 (23.7) 171 (48.0) 949 (75.9) 468 (58.2) 238 (81.5) 317 (73.2)

Employed 328 (76.3) 185 (52.0) 302 (24.1) 336 (41.8) 54 (18.5) 116 (26.8)

No. of previous live-born children <.001

0 202 (47.0) 130 (36.5) 419 (33.5) 345 (42.9) 75 (25.7) 117 (27.0)

≥1 228 (53.0) 226 (63.5) 832 (66.5) 459 (57.1) 217 (74.3) 316 (73.0)

No. of prenatal visits <.001

<4 91 (21.2) 153 (43.0) 553 (44.2) 418 (52.0) 230 (78.8) 285 (65.8)

≥4 301 (70.0) 202 (56.7) 698 (55.8) 386 (48.0) 55 (18.8) 146 (33.7)

Missing data 38 (8.8) 1 (0.3) 0 (0.0) 0 (0.0) 7 (2.4) 2 (0.5)

Age at delivery, y, mean (SD) 27.1 (5.0) 27.0 (5.9) 25.8 (6.4) 25.4 (6.6) 27.7 (6.8) 27.8 (6.3) <.001

Place of delivery <.001

Healthcare structure 420 (97.7) 355 (99.7) 643 (51.4) 599 (74.5) 286 (97.9) 421 (98.8)

Home 10 (2.3) 1 (0.3) 601 (48.0) 202 (25.1) 6 (2.1) 5 (1.2)

Missing data 0 (0.0) 0 (0.0) 7 (0.6) 3 (0.4) 0 (0.0) 7 (1.6)

Cesarean delivery <.001

No 383 (89.1) 304 (85.4) 1182 (94.5) 686 (85.3) 280 (95.9) 416 (96.1)

Yes 43 (10.0) 52 (14.6) 69 (5.5) 118 (14.7) 8 (2.7) 11 (2.5)

Missing data 4 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 4 (1.4) 6 (1.4)

Neonatesc (n = 789) (n = 2078) (n = 739)

Rural 
(n = 432)

Urban 
(n = 357)

Rural 
(n = 1264)

Urban 
(n = 814)

Rural 
(n = 297)

Urban 
(n = 442)

Weight at delivery, g, mean (SD) 3075 (429.7) 3149 (438.4) 3007 (448.1) 2929 (476.2) 3092 (534.0) 3022 (423.4) <.001

Weight <2500 g at delivery <.001

No 409 (94.7) 343 (96.1) 1140 (90.2) 691 (84.9) 256 (86.2) 324 (73.3)

Yes 18 (4.2) 13 (3.6) 97 (7.7) 112 (13.8) 30 (10.1) 27 (6.1)

Missing data 5 (1.1) 1 (0.3) 27 (2.1) 11 (1.3) 11 (3.7) 91 (20.6)

Pretermd <.001

No 407 (94.2) 349 (97.8) 1096 (86.7) 650 (79.9) 265 (89.2) 387 (87.6)

Yes 23 (5.3) 8 (2.2) 158 (12.5) 159 (19.5) 8 (2.7) 22 (5.0)

Missing data 2 (0.5) 0 (0.0) 10 (0.8) 5 (0.6) 24 (8.1) 33 (7.5)

Sex .4

Male 205 (47.5) 170 (47.6) 622 (49.2) 431 (52.9) 137 (46.1) 230 (52.0)

Female 223 (51.6) 187 (52.4) 642 (50.8) 383 (47.1) 159 (53.6) 207 (46.9)

Missing data 4 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3) 5 (1.1)

Data are presented as No. (%) unless otherwise indicated.  

Abbreviation: SD, standard deviation.  
aTotal = 3566 birth parent, including 38 who had twin pregnancies and 1 who had a triplet pregnancy.  
bComparison between countries.  
cTotal = 3606 children.  
dBirth before 37 weeks‘ gestation.
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(95% CI, 45%–49%) of children in Madagascar and 60% (95% 
CI, 57%–64%) in Senegal received a dose at birth. The BCG vac-
cine was administered in the first 14 days to 88% (95% CI, 86%– 
91%) of children in Cambodia, 48% (95% CI, 46%–50%) in 
Madagascar, and 62% (95% CI, 58%–65%) in Senegal.

Vaccines Recommended After Birth
The catch-up dose of BCG vaccine at 1 year had the highest VC 
among vaccines recommended after birth: 91% (95% CI, 89%– 
93%) in Cambodia, 75% (95% CI, 73%–77%) in Madagascar, 
and 72% (95% CI, 69%–75%) in Senegal (Figure 2B). VC for 
all other such vaccines was <80% (Figure 2B). For the pentava-
lent vaccine, VC was 73% (95% CI, 70%–76%) in Cambodia 
and 48% (95% CI, 46%–50%) in Madagascar for doses at 6, 

10, and 14 weeks, and 65% (95% CI, 61%–69%) in Senegal 
for doses at 6 and 10 weeks. For OPV, 73% (95% CI, 70%– 
76%) of children in Cambodia and 58% (95% CI, 56%–60%) 
in Madagascar received all doses of oral vaccine recommended 
at 6, 10, and 14 weeks, while 65% (95% CI, 61%–69%) of chil-
dren in Senegal received doses at 6 and 10 weeks. For measles 
vaccine, 71% (95% CI, 68%–75%) of children in Cambodia, 
57% (95% CI, 54%–60%) in Madagascar, and 57% (95% CI, 
50%–63%) in Senegal had received the first dose.

Coverage Evolution of Pentavalent, Oral Polio, and Measles Vaccine 
Doses
For vaccine schedules with multiple doses, a decrease in VC 
was observed with later dose number for all vaccines 

Figure 2. Vaccination coverage among children in Cambodia, Madagascar, and Senegal, 2012–2018. A, Vaccination coverage of BCG, oral polio, and hepatitis B vaccines at 
birth among children in Cambodia, Madagascar, and Senegal, 2012–2018. B, Vaccination coverage of catch-up BCG, pentavalent (diphtheria, tetanus, pertussis, Haemophilus 
influenzae type b, hepatitis B) (3 or 2 doses), oral polio (3 or 2 doses), and measles vaccines among children in Cambodia, Madagascar, and Senegal, 2012–2018. C, Va-
ccination coverage of different recommended doses of pentavalent, oral polio, and measles vaccines in Cambodia, Madagascar, and Senegal, 2012–2018. Abbreviation-
s: BCG 14 days, BCG vaccine within the first 14 days; BCG catch-up, BCG vaccine within the first year; HepB 24 hours, hepatitis B vaccine within 24 hours after birth; 
Measles m9, measles vaccine recommended at 9 months; OPV 14 days, oral polio vaccine within the first 14 days from birth; OPV w6, oral polio vaccine recommended 
at 6 weeks; OPV 2 doses, oral polio vaccine 2 doses recommended at 6 and 10 weeks; OPV 3 doses, oral polio vaccine 3 doses recommended at 6, 10, and 14 weeks; 
Pentavalent, pentavalent vaccine (diphtheria, tetanus, pertussis, Haemophilus influenzae type b, hepatitis B); Penta 2 doses, pentavalent vaccine 2 doses recommended 
at 6 and 10 weeks; Penta 3 doses, pentavalent vaccine 3 doses recommended at 6, 10, and 14 weeks; Pentavalent w6, pentavalent vaccine recommended at 6 weeks; 
WHO, World Health Organization.
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(Figure 2C). In Cambodia, VC for pentavalent vaccine de-
creased from 96% (95% CI, 94%–97%) for the first dose to 
73% (95% CI, 70%–76%) for the third dose. Similar declines 
were observed for OPV, while measles VC dropped from 
71% (95% CI, 67%–74%) for the first dose to 43% (95% CI, 
39%–47%) for the second dose. In Madagascar, VC for the pen-
tavalent vaccine decreased from 95% (95% CI, 94%–96%) for 
the first dose to 48% (95% CI, 46%–50%) for the third dose 
and dropped from 97% (95% CI, 96%–98%) to 58% (95% CI, 
56%–60%) for OPV. In Senegal, pentavalent VC decreased 
from 93% (95% CI, 91%–95%) for the first dose to 65% (95% 
CI, 61%–69%) for the second dose, and for OPV fell from 
92% (95% CI, 89%–94%) to 65% (95% CI, 61%–69%).

Risk Factors for Incomplete Vaccination
Vaccines Recommended at Birth
Low birth weight was associated with lack of BCG vaccination in 
Cambodia (adjusted odds ratio [aOR], 4.28 [95% CI, 1.85–9.37]), 
Madagascar (aOR, 2.40 [95% CI, 1.75–3.32]), and Senegal (aOR, 
1.93 [95% CI, 1.11–3.38]) (Table 2). Results were similar in 
Cambodia for hepatitis B vaccine (aOR, 3.48 [95% CI, 1.66– 
7.31]; Supplementary Table 3), as well as for OPV at birth in 
Madagascar (aOR, 2.38 [95% CI, 1.73–3.30]; Supplementary 
Table 4) and Senegal (aOR, 2.52 [95% CI, 1.44–4.45]; 
Supplementary Table 4). Sensitivity analyses accounting for miss-
ing birth weight data yielded similar results, regardless of the sce-
nario considered (Supplementary Tables 5 and 6).

BCG uptake was higher among children whose birth parents 
attended ≥4 visits during pregnancy in Madagascar (aOR, 0.63 
[95% CI, .52–.76]) and Senegal (aOR, 0.61 [95% CI, .41–.88]). 
Similar results were found for OPV at birth in Madagascar 
(aOR, 0.61 [95% CI, .51–.74]) and Senegal (aOR, 0.60 [95% 
CI, .41–.87]) (Supplementary Table 4).

In Madagascar, children whose birth parents delivered at 
home were more at risk of not being vaccinated with BCG 
than those whose birth parents delivered in healthcare facilities 
(aOR, 2.28 [95% CI, 1.87–2.78]). We found similar results for 
OPV at birth in Madagascar (aOR, 2.12 [95% CI, 1.74–2.58]; 
Supplementary Table 4).

Vaccines Recommended After Birth
Similar risk factors for incomplete vaccination were identified for 
vaccines recommended after birth. For pentavalent vaccine in 
Cambodia and Madagascar, respectively, children whose birth par-
ents were more educated (aORs, 0.61 [95% CI, .38–.97] and 0.66 
[95% CI, .51–.86]) and who attended ≥4 visits during pregnancy 
(aORs, 0.39 [95% CI, .25–.63] and 0.66 [95% CI, .52–.84]) were 
more likely to be completely vaccinated (Table 3). We found similar 
results for OPV in Cambodia and Madagascar (aORs, 0.56 [95% CI, 
.35–.89] and 0.66 [95% CI, .50–.87], respectively, for children with 
highly educated birth parents; and aORs, 0.38 [95% CI, .24–.60] 

and 0.64 [95% CI, .49–.83], respectively, for children whose birth 
parents attended ≥4 prenatal visits; Supplementary Table 7).

We did not find any significant factor associated with incom-
plete pentavalent vaccination in Senegal in our analysis 
(Table 3), nor for OPV (Supplementary Table 7).

DISCUSSION

In a prospective community-based cohort with longitudinal 
follow-up conducted across 3 LMICs, we showed that VC is below 
the levels recommended by the World Health Organization 
(WHO), when considering vaccine timeliness in respect of vaccine 
schedules. For vaccines requiring multiple doses, we also showed 
that VC declined significantly for later doses across all vaccines 
and countries studied. We further identified that LBW was a major 
factor associated with the absence of vaccination at birth.

In Cambodia, our estimates of VC were concordant with the 
latest Cambodia DHS and WHO estimates for hepatitis B vac-
cine at birth, BCG vaccine at birth and with 1-year catch-up, 
and OPV and pentavalent vaccine doses at 6 and 10 weeks 
[12, 13]. In Madagascar, coverage estimates were consistent 
with the latest MICS and WHO estimates for BCG, OPV, 
and pentavalent vaccine doses recommended at 6 and 10 weeks 
[14, 15]. In Senegal, hepatitis B vaccine dose coverage at birth 
was similar to WHO estimates [16]. In contrast, coverage of 
OPV at birth in Madagascar was 10 points lower [14]. BCG 
VC in Senegal was 20–25 points lower than previous estimates 
[8, 16]. Finally, coverage of the pentavalent and OPV doses rec-
ommended at 14 weeks was 10–20 points lower in Cambodia 
[12, 13] and 20–40 points lower in Madagascar [15], respective-
ly, than DHS and WHO estimates. Several factors can be hy-
pothesized to explain these discrepancies. First, the limited 
duration of follow-up of the cohort did not allow us to capture 
possible catch-up vaccinations (pilot study in Madagascar: 6 
months and rural site in Senegal: 3 months). Indeed, all chil-
dren could potentially benefit from catch-up vaccination after 
leaving the study. Data from the DHSs and MICSs were collect-
ed using a cross-sectional design among children up to 4 years 
old, thus precluding assessment of whether vaccination timing 
respects recommended vaccine schedules, but accounting for 
potential catch-up vaccinations. This difference in methodolo-
gy could explain why the coverage rates found in our study 
were lower than those found in the DHSs. However, it is impor-
tant to underline that our study design allowed us to have infor-
mation that the DHSs do not capture on the timing of 
vaccination, suggesting a delay in some vaccine uptake. 
Second, VC estimates from our study were derived from 2 sites 
in each country, and it is possible that the areas in our study 
have lower VC than national-level estimates from other work.

A striking finding from our study is that VC declined signifi-
cantly for later doses compared to earlier ones, across all vac-
cines and countries studied. Our results are consistent with 
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the literature. In Cambodia and Madagascar, a drop in penta-
valent vaccine coverage between doses recommended at 6 
and 14 weeks has been observed previously [12, 17]. One hy-
pothesis is that this drop may be due to lack of interaction 
with the healthcare system and thus lack of opportunity to be 
vaccinated. Child’s contact with health structures depends on 
the child health events, access to healthcare, and cultural and 
socioeconomic factors. Moreover, even if a child seeks care 
for a health event, his/her parents might not bring his/her vac-
cination card, thus preventing the healthcare provider from 
checking the vaccination status. This suggests that a possible in-
tervention to create opportunity of vaccination and increase 
immunization coverage might be to structure the child’s 
follow-up with compulsory consultations around the ages 
when vaccines are recommended.

Another interesting finding is that certain vaccines recom-
mended on the same schedule had different coverage within a giv-
en country. This difference may be explained by the organization 
of healthcare structures. For example, in Senegal, coverage at birth 
of hepatitis B vaccine exceeded BCG vaccine and OPV. This may 
be explained by the fact that BCG vaccine and OPV are adminis-
tered by the routine vaccination service during weekdays only, 
whereas the hepatitis B vaccine is available in maternity wards 
and can be given on any day. In Madagascar, coverage of the pen-
tavalent vaccine was lower than that of OPV. This may be ex-
plained by possible mass vaccinations targeting polio vaccine, in 
which all children in a given age group, regardless of disease or 
vaccination history, are vaccinated [18]. Modifiable logistical or 
care organization issues such as stock-outs in distribution chan-
nels or possibly freezer breakdowns would need to be explored 
to better understand insufficient and asymmetric immunization 
coverage.

We found that LBW was associated with risk of nonvaccina-
tion for all vaccines recommended at birth in Cambodia, 
Madagascar, and Senegal. This result is consistent with a study 
conducted in Ghana, which found that LBW was a risk factor 
for neonatal BCG undervaccination (aOR, 1.64–2.42) [19]. 
Prematurity is one of the leading causes of LBW [20], and al-
though it is recommended that preterm infants be vaccinated 
on the same schedules as full-term infants [21, 22], vaccinations 
in this at-risk population are often delayed [23, 24]. Children 
born prematurely are at increased risk of vaccine-preventable 
diseases [25], due in part to their immature immune system. 
Barriers to immunization of LBW infants should be explored 
among both parents and healthcare professionals in order to 
provide tailored educational programs targeting this vulnerable 
population.

In our study, low birth parent education was associated with 
incomplete child vaccination for pentavalent vaccine and OPV 
in Cambodia and Madagascar, but also for hepatitis B vaccine at 
birth in Cambodia and BCG vaccine in Madagascar. This risk 
factor has been found previously in Madagascar for BCG, 

pentavalent vaccine, and OPV [6], and in Ethiopia for all vacci-
nations recommended in that country [26]. Higher education is 
often associated with a better awareness on preventive care such 
as childhood vaccination services in LMICs [27]. Our finding 
reinforces the need to use approaches and tools adapted to 
less educated populations to improve awareness of vaccines 
and their effectiveness in protecting children.

Having fewer prenatal visits was associated with incomplete 
child vaccination schedules for pentavalent vaccine and OPV in 
Cambodia and Madagascar, and BCG vaccine in Madagascar 
and Senegal. This risk factor had also been found in previous 
literature in Cambodia for BCG and pentavalent vaccines 
[28] and in Senegal for all vaccinations recommended in that 
country [7]. This limited prenatal care may reflect a lower ac-
cessibility or even affinity of the birth parent for the healthcare 
system, which may explain lower adherence to vaccination.

Home delivery was associated with incomplete child vaccina-
tion schedules for vaccines at birth in Madagascar and may also 
reflect this lower accessibility or affinity for engagement with 
healthcare systems. This risk factor has also been found in stud-
ies conducted in Ghana [29] for all vaccinations recommended 
in these countries. Indeed, in our study, coverage of vaccines ad-
ministered at birth was lower in Madagascar than in Cambodia 
and Senegal, which may be explained by its higher rate of home 
delivery. Vaccines may be less available for deliveries that takes 
place at home, and it may therefore be important to sensitize tra-
ditional birth attendants to the importance of promoting immu-
nization in countries where home deliveries are still common.

Our study has some limitations. It is possible that children 
who did not complete the full follow-up might have had differ-
ent vaccination coverage, either better or worse, than those who 
did. In addition, children included up in the context of a longi-
tudinal cohort study may have benefited from more available 
vaccination than children from the general population. 
Therefore, real vaccination coverage may be even lower than 
found here. Also, children followed in this study came from 2 
sites, 1 urban and 1 rural, in each of the countries, and not the 
whole country, which may limit the generalization of the results 
at the national level. Moreover, it is possible that an insufficient 
sample size limited our analysis of risk factors, particularly in 
Senegal, where significantly fewer children were enrolled rela-
tive to the other 2 countries in the study. Finally, as mentioned 
in the Methods, some of the vaccines included in the national 
programs were either introduced during the study or were 
country specific, and thus were not included in our analysis.

The main strength of this study is its community-based ap-
proach, which makes it possible to follow-up children who do 
not go to the health centers either at the time of their birth 
(home birth) or later during their follow-up. In addition, we 
were able to compare and show differences in vaccination cov-
erage of vaccines recommended with the same schedule. 
Finally, as our study was a prospective cohort, we were able 
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to collect missing information on the next visit when families 
did not have child’s vaccination card with them, which would 
not have been possible with cross-sectional studies.

CONCLUSIONS

We showed that vaccine coverage for common childhood vac-
cines was lower than recommendations from WHO, when con-
sidering vaccine timeliness in respect of vaccine schedules, in 
Cambodia, Madagascar, and Senegal. This result suggests that 
too many children are still not vaccinated in time. LBW was a 
strong risk factor for nonvaccination for vaccines recommended 
at birth in all 3 countries. Multidisciplinary approaches targeting 
birth parents and healthcare providers across urban and rural sites 
may help to improve vaccine coverage and timeliness.
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