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Abstract

Background: Vaccination has been shown to reduce mortality and morbidity due to vaccine-preventable diseases.
However, these diseases are still responsible for majority of childhood deaths worldwide especially in the
developing countries. This may be due to low vaccine coverage or delay in receipt of age-appropriate vaccines. We
studied the timeliness of routine vaccinations among children aged 12–59 months attending infant welfare clinics
in semi-urban areas of The Gambia, a country with high vaccine coverage.

Methods: A cross-sectional survey was conducted in four health centres in the Western Region of the Gambia.
Vaccination dates were obtained from health cards and timeliness assessed based on the recommended age ranges
for BCG (birth–8 weeks), Diphtheria-Pertussis–Tetanus (6 weeks–4 months; 10 weeks–5 months; 14 weeks–6 months)
and measles vaccines (38 weeks–12 months). Risk factors for delay in age-appropriate vaccinations were
determined using logistic regression. Analysis was limited to BCG, third dose of Diphtheria-Pertussis -Tetanus
(DPT3) and measles vaccines.

Results: Vaccination records of 1154 children were studied. Overall, 63.3 % (95 % CI 60.6–66.1 %) of the children had a
delay in the recommended time to receiving at least one of the studied vaccines. The proportion of children with
delayed vaccinations increased from BCG [5.8 % (95 % CI 4.5–7.0 %)] to DPT3 [60.4 % (95 % CI 57.9 %-63.0 %)] but was
comparatively low for the measles vaccine [10.8 % (95 % CI 9.1 %–12.5 %)]. Mothers of affected children gave reasons
for the delay, and their profile correlated with type of occupation, place of birth and mode of transportation to the
health facilities.

Conclusion: Despite high vaccination coverage reported in The Gambia, a significant proportion of the children’s
vaccines were delayed for reasons related to health services as well as profile of mothers. These findings are likely to
obtain in several countries and should be addressed by programme managers in order to improve and optimize the
impact of the immunization coverage rates.
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Background
Immunization is one of the most effective public health
interventions against vaccine-preventable diseases. The
vaccination schedule varies in different parts of the
world and is determined by a combination of the epi-
demiology of the targeted infections and the ability of
these vaccines to induce the required immune response
in the child. Thus the vaccine schedules are designed to
protect the children when they are most vulnerable to

the targeted infections. Consequently, the World Health
Organisation (WHO) provides guidelines on the age at
which each vaccine should be given and the intervals be-
tween vaccinations. These recommended vaccination
schedules reduce the risk of the individual child con-
tracting the disease under consideration whilst contrib-
uting to achieving the general herd immunity that
protects against outbreaks of the disease in the popula-
tion [1]. Therefore poor or non-adherence to these
schedules could potentially reverse the benefits of immuni-
zations at individual and community levels [2, 3], and un-
derlines the importance to adhere to the age-appropriate
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schedules for vaccinations. In fact, one of the recommen-
dations of WHO/UNICEF Global Immunization and Vac-
cine Strategies is to improve surveillance on deviation
from age-appropriate immunizations in low- and middle-
income countries like Gambia [1, 4].
Evidence has shown that these vaccines have reduced

the morbidity and mortality associated with childhood
infectious diseases [5, 6]. However, vaccine-preventable
diseases are still responsible for over three million child-
hood deaths each year globally especially in low income
countries [7, 8]. Some of the major factors that deter-
mine this trend include: low proportion of population
immunized which is responsible for herd immunity,
challenges with cold chain logistics and gaps in the tim-
ing of the vaccine administration which create a period
of inadequate protection to the child. When a large
number of children have gaps in the timing of vaccin-
ation or not vaccinated at all, the result is a significant
population susceptible to disease as well as capable of
propagating transmission of the disease. The proportion
of children that received a particular dose of a vaccine is
used to determine the immunization coverage rate.
WHO has suggested including age-appropriate vaccin-
ation as another indicator of evaluating the quality of
immunization services [1, 9]. Researchers assessing time-
liness of vaccination in some low and middle-income
countries reported substantial delay in the receipt of
age-appropriate vaccinations [4, 10].
In 1979, The Gambia introduced the Expanded

Programme on Immunization (EPI) comprising vaccines
against tuberculosis, diphtheria, pertussis, tetanus, measles
and yellow fever. Hepatitis B and Haemophilus influenzae
type b (Hib) vaccines were introduced in 1986 and 1997
respectively, and recently the rotavirus and pneumococcal
conjugate (PCV7 in 2009 and PCV13 in 2011) vaccines
have been added (Table 1). Recent WHO/UNICEF cover-
age estimates for most vaccines are over 80 % - BCG
(88 %), DPT3 (83 %), OPV3 (84 %) and Measles (84 %)
[3, 11]. The Gambia EPI is one of the most successful in
sub-Saharan Africa with up to ten vaccines being adminis-
tered with high coverage rates. Vaccination coverage in
The Gambia is also very high for most of these: 95 % for

BCG, 90 % each for third dose of DPT, hepatitis B and
Hib vaccines while 85 % coverage was reported for mea-
sles vaccine [12]. Despite these impressive immunization
coverage rates vaccine preventable diseases still occur,
which might be related to timeliness [13, 14]. For instance,
in one study where infants were expected to receive their
routine EPI vaccines at ages 2, 3 and 4 months, the aver-
age time of receipt of two doses of the vaccine was
4.75 months [15]. Other studies have reported that there
is an increased delay in the time a vaccine is given com-
pared to when it is due as children get older, with the lon-
gest delay being between DPT3 and measles [16, 17].
Although a number of factors responsible for low vac-

cination coverage in Africa [5, 18, 19] have been identi-
fied, only very few studies have examined the risk factors
for delay in age-appropriate vaccination [13, 18, 20]. Re-
cently, two studies from the Gambia have reported on
childhood vaccination; one on the predictors of vaccin-
ation in rural Gambia [21] and the other looked at the
coverage and timeliness of childhood vaccination [22].
Given the role age-appropriate vaccination and coverage
have on the vaccine preventable diseases, this study
assessed the timeliness of vaccination for BCG, OPV1-3,
DPT1-3 and measles vaccines, risk factors and reasons
for delayed childhood vaccinations during the first
12 months of life.

Methods
Study setting
This study was conducted from January to June 2011 at
the infant welfare clinics (IWC) of Fajikunda, Serrekunda
and Sukuta Health Centres and Jammeh Foundation for
Peace Hospital in the Western Region of The Gambia.
These facilities serve an area of about 1,705 square Km
with a population of about 392,000 people of which the
majority are farmers or civil servantsThe IWC services in-
clude immunization services, growth monitoring, general
health and nutrition education. In The Gambia, every
newborn is given a health card where EPI vaccinations
and dates of administration of the vaccines are recorded
by immunization officers. The health cards also contain
information such as birth record, vaccination schedules
and monthly weight measurements for growth monitor-
ing. The mothers are allowed to take the health card home
and present it at all clinic visits.

Study design and data collection
This was a cross-sectional survey targeting children aged
between 12 and 59 months attending the health centres
with their health cards on the survey day. The survey
team was made of two clinicians and four field assistants
who had experience in epidemiological surveys and were
familiar with immunization dynamics in the study areas.
The field assistants gave sensitisation talks about the

Table 1 The Gambian Expanded Programme on Immunization
schedule (2011)

Age Vaccinations WHO recommendationa

Birth BCG, OPV, Hep B Birth

2 months DwPT/Hib/Hep B, OPV, PCV 6–14 weeks

3 months DwPT/Hib/Hep B, OPV, PCV 10–18 weeks

4 months DwPT/Hib/Hep B, OPV, PCV 14–24 weeks

9 months Measles, Yellow Fever, OPV 38–52 weeks

18 months DwPT, OPV 15–24 months
ahttp://www.who.int/immunization/policy/immunization_tables/en/
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study to the mothers attending the immunization clinics
with their children. After this, the field assistants identi-
fied potentially eligible mother-child pairs and further
individualised consent discussions were held. Conse-
quent upon granting a written informed consent, the cli-
nicians and field assistants obtained the following
information from the child’s health card: date of birth
(DOB), birth order, sex, place of birth and dates of the
administered vaccines. This was followed by administra-
tion of a purpose-designed, structured questionnaire to
the mothers. The questionnaire covered information on
mother’s age, residence, parent’s level of education, par-
ent’s concerns and perception about the vaccine benefits.
In addition, mothers of children with delayed vaccin-
ation schedules were probed to give reasons for the de-
lays. As the sample size was not stratified by study sites
and age-groups of the target population, consenting
mothers were enrolled in each recruitment site irre-
spective of the child’s age while children without verifi-
able records were excluded from this study.

Sample size calculation
Based on the proportion of children who had delayed vac-
cinations in Rietvlei, South Africa (42 %) [13], a precision
of 3 % and a 95 % confidence interval, a sample size of
1040 children was required. After adjusting for attrition
rate of 10 % the sample size was approximately 1144.

Definition of terms
A complete vaccination schedule was defined as having
received a dose of BCG (birth – 8 weeks), three doses of
DPT-Hib-HBV [DPT1/OPV1 (6 weeks – 14 weeks);
DPT2/OPV2 (10 weeks – 18 weeks); DPT3/OPV3
(14 weeks – 24 weeks)] and a dose of measles vaccine
(38 weeks – 52 weeks) respectively (Table 1). The age at
vaccination was recorded in days (date of vaccination
minus date of birth). Timeliness of vaccination of a par-
ticular antigen was assessed against the WHO recom-
mended range as already indicated above. Timeliness
was categorised as follows: (a) too early (vaccine was re-
ceived earlier than the recommended age); (b) timely
(vaccine was received within the recommended period
above); (c) delayed if received after the window period.

Data analysis
Data were double entered into a Microsoft Access data-
base and analysed using Stata 12.0 (College Station,
Texas 77845 USA). Categorical variables were presented
using proportions and continuous variables described
using an appropriate measure of dispersion: means
(standard deviations) or medians (Inter Quartile Range).
Logistic regression was used to analyze factors associ-
ated with delay in receipt of each vaccine and delay.
We did not include maternal age in multivariate

analysis because it was correlated with birth order of
the child (r = 0.66, p < 0.001).

Ethical considerations
The study was approved by the Gambian Government/
Medical Research Council Joint Ethics Committee. A writ-
ten informed consent was obtained from the respondent
before the questionnaires were administered.

Results
Socio-demographic characteristics of children and their
parents
A total of 1477 mothers were approached to join the
study, 1448 gave consent giving a response rate of
98.0 %. These mothers were interviewed but forty-two
were not included in the analysis due to the following
reasons: no vaccination records (15), vaccination cards
were defaced and dates were illegible (27). A total of 252
were dropped from analysis as they were younger than
12 months of age. Of the 1154 children, 258 were from
Fajikunda Health Centre, 483 from Jammeh Foundation
for Peace Hospital, 194 from Sukuta Health Centre and
219 from Serrekunda Health Centre. The median (IQR)
age of the children analysed was 19 (15, 30) months, and
601 (52.1 %) were boys (Table 2). The mean age of the
mothers was 27.0 ± 5.7 years and 67 % of the mothers
had at least primary school education (Table 3). Most of
the respondents (1038/1154; 90.0 %) knew that the vac-
cines can protect a child from contracting infections.
When asked about concerns with vaccinations, 20.0 %
(230/1149) reported fever following vaccinations and
31.2 % (358/1399) of the respondents reported pain at
injection site. Ninety-four children had missing dates on
their health card for at least one of their vaccines.

Proportions of children who had age-appropriate
vaccinations
The proportion of children who had timely vaccinations
varied for the different vaccines (Fig. 1). Those who were
timely vaccinated were: BCG 94.3 % (95 % CI 93.0–
95.6 %); DPT1 78.4 % (95 % CI 76.0–80.8 %), DPT2
49.7 % (95 % CI 46.8–52.6 %), DPT3 39.6 % (95 % CI
36.8–42.4 %), OPV1 74.6 % (95 % CI 72.0–77.1 %),
OPV2 50.0 % (95 % CI 47.1–52.9 %), OPV3 40.6 % (95 %
CI 37.7–43.4 %), for measles 80.8 % (95 % CI: 78.5–
83.1 %). One hundred and eighty nine (13.4 %) children
had their vaccinations before the scheduled time: 47
(4.1 %) for DPT1, 20 (1.7 %) for DPT2, 6 (0.5 %) for DPT3
and 84 (7.4 %) for measles). Overall, 63.3 % (95 % CI
60.6–66.1 %) of the subjects had delayed vaccination of at
least one of their vaccines. Two-thirds of the children re-
ceived BCG before 2 weeks of age. The median (IQR) age
at vaccination is shown in Table 4.
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Risks factors for delay in age-appropriate vaccinations
The reasons given by caregivers for delayed vaccination
were long waiting times at the health facilities (22.5 %),
lack of (22.5 %) or forgotten (17.5 %) vaccination ap-
pointments, ill-health of either mother or child on the
appointment day (5.0 %). None of the respondents re-
ported parental or family objections to vaccination as a
reason for delay. Majority of the responders liked the
monthly vaccination schedule because it was easy to re-
member. About 60 % and 62 % of the mothers of chil-
dren who had experienced delay in the receipt of any
vaccine had concerns about fever and pain at the injec-
tion site respectively post-vaccination.
Furthermore, the characteristics of caregivers with de-

layed child vaccination in univariate analysis revealed
that unemployed and illiterate mother was significantly
associated with delay in receiving BCG and, only un-
employment status remained significant in multivariate
analysis (see Additional file 1: Table S1). Children of
mothers who were civil servants were less likely to receive
their BCG vaccines later compared to children of mothers
who were unemployed (OR 0.17 95 % CI 0.02–1.22)
(Table 5).
Mother’s occupation, father’s education, place of birth,

mode of transportation, birth order, delays in receipt of
DPT1 and DPT2 were strongly associated with delays in
receiving DPT3 in a univariate analysis (see Additional
file 1: Table S1) but in the multivariate analysis, mothers
who were traders, children born at home, those who
went to the clinic by public transport and delay in re-
ceipt of DPT2 were independently associated with de-
layed DPT3 (Table 5).
Age group, father’s education, family size, place of

birth, mode of transportation to the clinic, number of
stops (number of times parents/caregivers had to change
public transport vehicles before they got to the health
centres), delays in receipt of DPT1, DPT2 and DPT3
were associated with delay in receipt of measles vaccine
in the univariate analysis (see Additional file 1: Table S1)
while in the multivariate analysis illiterate fathers, those
who went to the clinic by private transport delays in re-
ceipt of DPT1 and DPT3 were independently associated
with delay in receipt of the vaccine (Table 5). Children
of illiterate fathers were twice more likely to have had
delay in receipt of measles vaccine compared to children
whose fathers had at least primary school education (OR
0.54; 95 % CI 0.35–0.82).
In multivariate analysis, factors associated with delay

in receipt of any of the routine vaccines included de-
creasing birth order, children born at home and taking
public transport to the clinic were independently associ-
ated with delay in receipt of any of the routine vaccines
(Table 5). Children with increasing birth order had 30 %
the odds of delay in receipt of any of the vaccines

Table 2 Socio-demographic characteristics of participants

Variables n (%)

Gendera

Boys 601 (52.1)

Girls 552 (47.9)

Age group (years)

<2 years 713 (61.8)

≥2 years 441 (38.2)

Birth place

Health Facility 926 (82.2)

Home 201 (17.8)

Birth Ordera

≤2 521 (46.4)

>2 603 (53.6)

Tribea

Mandinka 406 (35.4)

Wolof 152 (13.2)

Fula 201 (17.5)

Jola 212 (18.5)

Others (e.g. Serahule) 177 (15.4)

Family Type

Monogamous 796 (69.0)

Polygamous 327 (28.4)

Single parent 30 (2.6)

Parents living togethera

Yes 925 (80.5)

No 224 (19.5)
aMissing data

Table 3 Socio-demographic characteristics of the parents

Variables Mother n (%) Father n (%)

Age (years)a

15–20 144 (13.0) 6 (0.9)

21–30 332 (30.0) 188 (27.1)

31–40 387 (35.0) 325 (46.7)

41–50 243 (22.0) 176 (25.3)

Educational levela

No formal education 375 (32.6) 208 (18.4)

Primary school 453 (39.5) 386 (34.1)

>Primary school 320 (27.9) 537 (47.5)

Occupationa

Unemployed 898 (78.0) 242 (17.5)

Trader 168 (14.6) 290 (21.0)

Others 86 (7.4) 852 (61.5)
aMissing data
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compared to children birth order less than 2 (OR 1.27;
95 % CI 0.99–1.64). Children who were born at home
were more likely to have a delay in receipt of any of the
vaccines compared to those who were born in a health
facility (OR 1.66; 95 % CI 1.16–2.37). Children whose
caregiver came to the clinic in public transport were
more likely to be delayed in receiving any of the vaccines
(OR 1.45; 95 % CI 1.12–1.86).

Discussion
This study identified that about two-thirds of children
aged between 12 and 59 months attending the health
centres in the Western Region of The Gambia for
immunization had experienced delay in the receipt of at
least one of their vaccines. The proportion of children
who had delayed vaccination was least for BCG and
highest for DPT3 and OPV3. The reasons given by the
caregivers for their children having delayed vaccination
included lack of appointment date, long waiting times at
the health facilities, forgotten appointment date and ill-
health of either mother or child. The independent risk
factors associated with delay in receipt of any vaccines
were increasing birth order, being born at home and tak-
ing public transport to the clinic. Factor associated with
delay in receipt of BCG was mothers’ occupation and
those for DPT were mothers’ occupation, being born at

home and taking public transport to the clinic while for
measles children with illiterate fathers.
Delay in the receipt of all age-appropriate vaccines

was seen in this study and all doses were affected. A
similar finding was observed in one study where infants
were expected to receive their routine EPI vaccines at
ages 2, 3 and 4 months, the average time of receipt of
two doses of the vaccine was 4.75 months [15]. In our
study, the delay in receipt of BCG was minimal which
may be due to the fact that BCG vaccines are available
at the health centres where most of the deliveries took
place. There was a steady decline in the receipt of age-
appropriate vaccines from BCG to DPT3/OPV3. Other
studies have reported an increased delay in the time a
vaccine is given compared to when it is due as children
get older, with the longest delay being between DPT3
and measles [16, 17]. This may be explained by the fact
that the older the child gets, the more pre-occupied the
mother or caregiver gets with other domestic/family ac-
tivities thereby not remembering vaccination appoint-
ments for the child. Also as shown in this study, if the
child had some side effects like fever, pain or swelling at
the injection site following previous vaccinations, the
mother may not be inclined to go for subsequent doses.
Of note is the fact that the third dose of OPV was sig-
nificantly delayed in about two-thirds of the participants,
given that the routine immunization would be required
to sustain the impact of the oral polio supplemental
immunization. Our data are similar to the findings of
other studies [16, 20, 23].
Only about one-third of the children surveyed had re-

ceived all their vaccines on-time. This is similar to the
findings of other researchers [4, 14, 24]. This means a
large proportion of children are unprotected or inad-
equately protected against these vaccine-preventable dis-
eases for variable lengths of time. Despite the high
vaccine coverage, this may be one of the reasons why
under-five mortality is still quite high in The Gambia
[25]. The infant and under-five mortality rates in The

Fig. 1 Proportions (95 % CI) of children who received each vaccine early, on time and late

Table 4 Median (IQR) age at vaccination for each vaccine

Vaccine Median age at vaccination in days (IQR)a

BCG 11 (2, 17)

DPT1 76 (65, 91)

DPT2 125 (107, 153)

DPT3 179 (152, 217)

OPV1 74 (62, 90)

OPV2 123 (148, 152)

OPV3 178 (148, 227)

Measles 293 (279, 318)
aIQR Inter Quartile Range
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Table 5 Risk factors for delay in receipt of BCG, DPT3, Measles and delay of any vaccines

Vaccine/Variables n/N Unadjusted OR Adjusted OR

(95 % CI) (95 % CI)

BCG

Mother’s Occupation p = 0.02 p = 0.02

Unemployed 58/883 1 1

Traders 6/166 0.53 (0.23–1.26) 0.46 (0.18–1.18)

Civil servants 1/86 0.17 (0.02–1.22) 0.18 (0.02–1.30)

DPT3

Mother’s Occupationa p = 0.06 p = 0.05

Unemployed 537/894 1 1

Traders 112/167 1.35 (0.96–1.91) 1.41 (0.98–2.02)

Civil servants 45/86 0.73 (0.47–1.14) 0.73 (0.47–1.16)

Place of birtha p = 0.009 p = 0.03

Health facility 543/922 1 1

Home 138/201 1.53 (1.10–2.12) 1.47 (1.05–2.07)

Mode of transportationa p = 0.001 p = 0.001

Walking 302/546 1 1

Private transport 4/10 0.54 (0.15–1.93) 0.50 (0.14–1.83)

Public transport 368/562 1.53 (1.20–1.95) 1.54 (1.20–1.97)

Birth Ordera p = 0.007 p = 0.02

≤2 292/519 1 1

>2 386/601 1.40 (1.10–1.78) 1.37 (1.04–1.79)

Delayed DPT1a p < 0.0001 p = 0.52

No 33/455 1 1

Yes 214/693 5.7 (3.87–8.43) 0.73 (0.27–1.93)

Delayed DPT2a p < 0.0001 p < 0.0001

No 60/455 1 1

Yes 516/693 19.19 (13.92–26.45) 15.14 (10.32–22.22)

Measles

Father’s Educational levela p = 0.005 p = 0.04

No formal education 52/203 1 1

Primary school 80/379 0.78 (0.52–1.16) 0.78 (0.51–1.19)

>Primary school 83/531 0.54 (0.36–0.80) 0.54 (0.35–0.82)

Delayed DPT1a p = 0.0002 p = 0.01

No 150/890 1 1

Yes 68/243 1.92 (1.38–2.67) 1.58 (1.10–2.26)

Delayed DPT3a p < 0.0001 p = 0.001

No 59/450 1 1

Yes 158/682 2.00 (1.44–2.77) 1.80 (1.27–2.56)

Delay in any vaccines

Birth Ordera p = 0.03 p = 0.05

≤2 313/521 1 1

>2 401/603 1.32 (1.03–1.68) 1.27 (0.99–1.64)
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Gambia are 57/1000 and 103/1000 live births respect-
ively [26]. In a study assessing possible reductions in
childhood mortality in The Gambia [25], pneumonia
accounted for 11 % of deaths among infants aged 0–11
months and for 9 % among children aged 1–4 years; no
measles death was reported. About 80 % of the children
received measles vaccine in a timely fashion. This may
be due to the fact that mothers tend to remember this
as it is the last scheduled vaccination visit for the pri-
mary vaccines. This finding is contrary to what was re-
ported in other studies [16, 23]. The reason for this
difference is not immediately known. It may be due to
mothers’ knowledge of the severity of measles from past
outbreaks in the country [27].
Interestingly, majority (~60 %) of the reasons for de-

layed vaccination by the caregivers blamed the health
centre staff for contributing to it by having not given ap-
pointment for the next vaccination date or discouraged
by the long period of time spent to get their children
vaccinated in their previous visits to the clinics. These
reasons appear plausible and are supported by the fact
that the delay increases from DPT1/OPV1 to DPT3/
OPV3, implying that EPI workers are not emphasizing
subsequent clinic visits enough to mothers and/or the
mothers have had increasing bad experiences from the
facilities and health workers in previous visits. Further
support for these reasons come from the profile of the
caregivers with delayed child vaccination, including low
literacy, far distance of clinic from home, delivery at
home and use of public and commercial transportation
to the clinics. This profile represents a group of women
with poor understanding of the importance of vaccin-
ation, low socio-economic status who can easily be dis-
couraged to vaccinate their children by the cost and
attitude of health care workers.
Unemployed mothers were likely to have their children’s

early vaccinations delayed. Unemployment in the context
of the setting of our study is likely to correlate with low
education, and possibly inability to appreciate and demand
vaccination for child [13, 20]. It may also be that these un-
employed women were fully engaged at home with domes-
tic and farming chores hence they tended to forget their
children’s vaccination appointments. Also, unemployed

mothers may not be financially empowered to come to the
health facilities in good time. It is not surprising that chil-
dren who were born at home were likely to have delay in
the receipt of age-appropriate vaccines. This may be due
to poor health seeking behaviour of the mother and social
determinants which limit the decision-making of pregnant
women in patriarchal societies as reported in other settings
[28, 29]. This is similar to what was found in South Africa
[10]. Mode of transportation was an independent risk fac-
tor for delayed vaccination. Children of mothers who had
private transport were one third less likely to have delay
vaccination compared with children whose mothers had to
trek to the health facilities; whereas children whose
mothers had to take public transport to the health facilities
were more likely to have delayed vaccination. By implica-
tion most of the mothers who trekked to the health centre,
most likely lived close to the health centre and did not re-
quire to take public transport. It is not surprising to see
that delay in receipt of previous vaccines was associated
with delay in receipt of the next dose.
Our data and others [4, 13, 14, 16, 20, 23, 30] show that

having a high proportion of children with delayed vaccin-
ation is likely to be the case in most countries. Appropri-
ate measures for each setting have to be taken to mitigate
against the factors responsible for this weakness in the
vaccine delivery system. Mobile telephony has been used
to deliver SMS to improve vaccination coverage [31]. This
method could be adopted to remind mothers of the vac-
cination dates. The health workers should be trained on
the need to have positive attitudes to mothers, developing
the most effective quick service delivery at vaccination sta-
tions and giving appointments of next clinic visits in the
language mothers will understand. The need for having
health facilities within reach of the community, or out-
reach visiting stations where vaccinators visit at scheduled
days of the week cannot be overemphasized. This is
already being done in Gambia. After the completion of the
study, we educated the mothers about the importance of
bringing their children for vaccinations as scheduled.
Practical ways of addressing the barriers militating against
timely vaccination were also discussed with the mothers.
The EPI officers were encouraged to always remind the
mothers of the subsequent vaccination dates.

Table 5 Risk factors for delay in receipt of BCG, DPT3, Measles and delay of any vaccines (Continued)

Place of birtha p = 0.003 p = 0.005

Health facility 572/926 1 1

Home 146/201 1.64 (1.17–2.30) 1.66 (1.16–2.37)

Mode of transportationa p = 0.002 p = 0.006

Walking 325/549 1 1

Private transport 3/10 0.30 (0.08–1.15) 0.34 (0.06–1.88)

Public transport 381/564 1.43 (1.12–1.83) 1.45 (1.12–1.86)
aMissing data
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A limitation of our study is that it is a health facility-
based survey instead of community-based that would
have been more representative of the children popula-
tion. However, the community-based data are likely to
be worse given that the parents of the infants seen at the
health facilities are likely to have good health seeking be-
haviour and confident to be reasonably compliant with
the vaccination schedules to appear at the health facility.
Thus, our findings are still significant and relevant in
drawing attention to this often neglected aspect of time-
liness of vaccination. We did not assess other childhood
vaccines like Hib and HBV vaccines separately because
they are given at the same time as DPT as a single injec-
tion, so their results are likely to be similar to DPT vac-
cines. Also children with unverifiable records were
excluded from analysis therefore we might have missed
some children with delay vaccinations. Even though vac-
cines are given in the second year of life in The Gambia,
we did not study the timeliness of these vaccines.
Another weakness of this study is skewness of the age-

groups of study infants. In our setting, after the first two
years of life the number of children attending the IWC
decreases drastically. A community-based study would
have almost all age groups represented equally.

Conclusion
An unacceptably high proportion of the infants seen in
these health centres in Gambia experience delay in the
receipt of at least one of their vaccines later than recom-
mended. This weakness in vaccination service delivery is
common to many countries and appropriate steps must
be taken urgently in order to optimize the impact of in-
creasing vaccination coverage.

Additional file

Additional file 1: Table S1. Risk factors for delay in receipt of BCG and
DPT3 vaccine. Table S2. Risk factors for delay in receipt of measles and
delay of any vaccines. (DOCX 24 kb)
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