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Abstract

In spite of the commendable global Pneumococcal Conjugate Vaccine (PCV) coverage in the last two decades,
completion and timeliness of receipt of all the required doses are still below target. In Uganda, the 3+0 PCV
regimen has been reported to have a steady decline in the completion rate and the reasons for the delayed
completion are unidentified. This study aimed at assessing the influence of socio-demographic factors on
delayed PCV completion among young children. A cross-sectional study design among 362 child/caretakers

pairs in Bugongi Town Council was employed. Using stratified sampling — Allocation Proportional to Size, data
was collected using pretested questionnaires; entered and analysed using STATA v14 and significant statistical
association was considered at P<0.05. Of the 362 children, majority (53.87%) were boys. Child mean age was
25.1+14.3 months. 87.6% caretakers were females and majorities of them were aged 20-29yrs (47.8%), peasant
farmers (79.8%), married (90.6%), attained primary education (63.5%) and earned average monthly income of UGX
10,000 — UGX 50,000 (41.4%). Of the 362 children, 92 (25.4%) had delayed to receive their PCV-3 doses. Only boy
child [cOR=1.65, (95%Cl: 1.03-2.66); P=0.039) and caretaker’s age 30-39 [cOR=2.12 (95%Cl: 1.06-4.24); P=0.033)
showed statistical significance at bivariate analysis. The multivariate model found parent’s age 20-29 years
[aOR=2.39 (1.14-5.01); P=0.021] and 30-39 years [aOR=2.51 (1.16-5.45); P=0.020] as positively associated factors
whereas being married [aOR=0.20 (0.04-0.96); P=0.044] was the only negatively associated factors to delayed
completion of PCV vaccination among young children. Among children who complete the last dose of PCV
vaccination, a considerable proportion are actually receiving it late which may result into eventual failure to curb
the targeted pneumococcal infections. Thus, concerted efforts in terms of sensitization are un-doubtfully desired
especially among caretakers aged 20-39 years as well as those who are not married.
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Introduction

Since their invention, vaccines have been reported to
be an integral tool especially regarding the control and
prevention of infectious diseases for more than two
centuries [1]. Globally, coverage and number of vac-
cines against vaccine preventable diseases have generally
increased with almost full coverage in developed coun-
tries to near target coverage in developing countries [2]
however timely completion or age-appropriate receipt
of the vaccine doses is still a major concern [3, 4]. This
delayed completion is more prevalent among the multi-
dose vaccines with potential predictors ranging from
child’s birth order, caretakers’ socio-demographic varia-
tions to cultural, religious, political and institutional fac-
tors [5-7].

Immunization as a public health intervention provides
protection through inducing immunity but also through
prevention of person-to-person disease transmission
through herd immunity [8]. In such case, there is unlikely
disease transmission in a community because the big-
gest majority of the population is immunized. Delayed
or non-vaccination leads to significant breaks in herd
immunity leading to increased risk of outbreaks due to
these vaccine preventable diseases [9].

Pneumococcal Conjugate Vaccine (PCV) is one of the
major routine vaccines as recommended and approved
by the World Health Organization (WHO) in 2010 [10].
It is a recombinant vaccine made of polysaccharides
from the capsule of the Streptococcus pneumonia bac-
terium conjugated to a carrier protein. PCV is generally
indicated for children below two years of age for protec-
tion against pneumococcal disease such as pneumonia,
meningitis, otitis media, among others. The PCV vaccine
was introduced as early as 2000 in the United States as a
heptavalent conjugate through 2010 when the 13-valent
combination was officially integrated in the routine
immunization [10]. In Uganda, the deca-valent Conju-
gate was integrated in Uganda National Expanded Pro-
gram for Immunization (UNEPI) in 2014 and it is offered
in 3 doses. The 1st dose is offered at 6weeks of life with
an interval of 4 weeks until when the next dose is given
[11].

Worldwide, PCV gained exponential increase in vac-
cine coverage in the ten years preceding 2017 from 4 to
44% coverage but still with great variations in the differ-
ent WHO regions; where South-east Asia recorded as
low as 12% coverage whereas the American region reg-
istered as high as 82% coverage [12]. On the other hand,
among the 69 Gavi-supported countries, 56 countries
had reached 50% coverage of PCV by the year 2016 and
46 countries (67%) had reached the target level for last
dose (PCV-3) in the same year [13].

In a systematic review of PCV vaccine failure among
children, only 30.6% were found to have received all the
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required doses of the vaccine [14] whereas in another
study on the vaccine coverage and compliance to the
recommended schedules of PCV, vaccination cover-
age was found to be 54.6% with a 16.8% compliance rate
[15]. In Uganda, according to WHO and UNICEF Esti-
mated National Immunization Coverage (WUENIC),
completion of PCV vaccination has shown a decreasing
trend (93-59%) from 2016 to 2019 [16] and data from the
Uganda Demographic and Health Survey (UDHS) [17]
shows that completion of PCV vaccination rates at 64%.
Recent local data from Sheema District Health Informa-
tion System further shows PCV completion to be 76%
but with about 2 in every 10 children have been found to
receive the last vaccine dose past the recommended age.

Various studies have found correlation between
delayed vaccination for PCV and the number of children
at home whereby as the number increases, the likeli-
hood of delayed vaccination also increases for instance
in Israel delayed vaccination was highly correlated with
high child’s birth order [18, 19] as compared to low birth
order. Similarly, the age of the infant has also been linked
to delays in routine vaccination where children aged
12-15 months have been reported to have more compli-
ance to vaccine as compared to younger infants [15, 19].

The employment status of the mother or primary care-
taker has shown significant association to the timeli-
ness of PCV vaccination but with slightly contradictory
findings where some literature affirms that an employed
mother will most likely delay to take their children for
immunization [20] while other findings assert that unem-
ployed primary caretakers were more likely to delay in
taking their children for PCV vaccination [19]. In the
same regard, findings from Yaounde Cameroon still indi-
cated that father’s profession was found to be among the
factors contributing to the completeness of immuniza-
tion [21]. As a factor which influences knowledge and
awareness, maternal education has by far shown great
association towards timeliness of immunization. In
recent studies, an increase in the education of the mother
has shown a direct correlation to timely and complete
immunization for PCV and others have deducted that
lower level of maternal education poses a greater risk of
incomplete and late vaccination to the infant [20, 21].

To attain the intended immunity from the multi-dose
vaccines, vaccine doses should be received within the
recommended ages [22] however delayed or non-vacci-
nation leads to detrimental effects including significant
breaks in herd immunity, increased risk of outbreaks
and increased prevalence of these vaccine preventable
diseases [9]. The study examined the socio-demographic
factors associated with delayed completion of PCV vac-
cination among young children; and the findings should
inform immunization policy especially implementation
of vaccination programmes.
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Materials and methods

Study setting, population and justification

The study was conducted in Bugongi Town Council (TC),
Sheema South Constituency Sheema District South-
western Uganda. Bugongi Town council consists of 4
Wards and 27 Cells. It is a rural area with about 2,732
households. Approximately 22.1% of the households in
the town council live 5 or more kilometres away from the
nearest public health facility and about 15.1% of the town
council population is children 0—4 years of age [23]. The
study population was children 4—48 months of age in the
town council. Study units included child/caretaker pairs
who consented to participate.

According to the 2018 United States Agency for Inter-
national Development (USAID) — Maternal and Child
Survival Program (MCSP) Report for Western Uganda,
Sheema District was listed to have registered the high-
est number of pneumonia cases among children under
five years. Additionally, bacterial pneumonia poses a big
financial burden to the patients (average cost per case
rates at UGX 150,000) [24]. Relatedly, pneumonia forms
the vast proportion of the lower respiratory tract infec-
tion which ranks 4th among the leading causes of mor-
tality in the country [25]. Furthermore, recent quarterly
local data from Sheema District Health Information
System (DHIS) (3rd quarter of 2023) revealed that PCV
completion stands at 76% but with about 2 in every 10
children being reported to receive the last vaccine dose
past the recommended age. The above need for research
formed the basis for choosing Bugongi Town Council,
Sheema District to act as a case study to understand the
factors contributing to delayed completion of PCV vac-
cination and eventual increase in pneumococcal diseases
among young children in the study area.

Study design, variables and sampling

The study employed a cross sectional study design
where quantitative data was collected from September
to November 2023. Timeliness of PCV-3 vaccination
was the outcome variable and this was obtained from
secondary data (children’s immunisation cards). The
date of birth of the child was obtained from the immu-
nization card, as well as the date of receipt or expected
date of receipt of 3rd dose of PCV vaccination. Timeli-
ness of completion of PCV was computed by comparing
the child age at receipt PCV-3 or expected age to receive
PCV-3 (for those who hadn't received yet) with the WHO
recommended ages for receiving PCV-3. According to
the WHO recommended ages for completion of PCV
vaccination, a child should have received the last dose
of PCV when aged between 95 and 126 days of life [22].
Thus, children who had received PCV-3 within the rec-
ommended ages were categorized as timely completion
whereas those who didn’t or hadn’t were categorized, as
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delayed completion. The other studied variables (predic-
tor variables) included the socio-demographic factors of
both the child and caretakers as shown under the study
results below.

The desired sample size of 381 was obtained using Kish
and Leslie formula (1965) using the proportion (45%) of
children who miss out on immunization as reported by
the 2016 UDHS [17]. However after data collection, fully
completed questionnaires were 362 (95% full response
rate). A 2 level stratified sampling technique was
employed using Allocation Proportional to Size (APS)
where a proportionate sub-sample was obtained from
each of the 4 strata (Wards) and each of the 27 sub-strata
(Cells). The Wards in the town council were used to form
the strata whereas the Cells from each Ward were used to
form the sub-strata. The sub-samples from each stratum
and eventually from each sub-stratum were based on the
proportional size of that stratum or sub-stratum to study
population size of the town council or study population
size of the Ward respectively. This was done using Strati-
fied Random Sampling — Allocation Proportional to Size

formula [26].
pe (N
=" N
Where;

n, = the sub-sample size to be obtained from Stratum
X.

n = Study sample size (362 participants).

N, = Number of potential study participants in Stra-
tum X (these included: 514 for Kyamurari North; 322
for Kyamurari South; 493 for Kyarukunda; and 223 for
Isingiro).

N =Number of potential study participants in the entire
study population (1552 children under 0-4 years) [27].

This computation was also repeated while obtaining the
sub-sample from each of the 27 sub-strata. After calcu-
lating the required sub-samples from the sub-strata, the
household with the study units (children 4-48 months
and their caretakers) were purposively sampled and who-
ever met the inclusion criteria in a particular household
was sampled until the sub-sample from each sub-stratum
was obtained.

Data collection tools

A pre-tested (on 5 participants) interviewer administered
questionnaire both in English and Local language (Run-
yankore) version was used to collect data. The reliability
of this questionnaire was done by checking for Internal
Consistency using Cronbach’s Alpha where a=0.79 was
obtained. This was obtained by calculating the variance of
each questions in the questionnaire and also the variance
of the entire tool and figures substituted in the formula
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Table 1 Showing Socio-demographic description of the

participants

(2025) 25:29

Variable Frequency Per-
(N=362) cent-
age
Age Distribution of Children (in
months)
Mean 25.1
SD to the Mean 14.3
Median 24
Minimum 4
Maximum 48
Number of Siblings
None 70 19.3
1-4 255 704
5 or more 37 103
Gender of the child
Male 195 539
Female 167 46.1
Birth Order
First Born 93 25.7
2nd - 4th Born 211 583
5th Born or above 58 16.0
Place of Birth
Health Facility 353 97.5
Home/Community/TBA 9 25
Age of Parent
Less than 20 years 6 1.7
20-29 173 47.8
30-39 129 356
40 years and older 54 14.9
Gender
Male 45 124
Female 317 87.6
Occupation
Peasant Farmer 289 79.8
Civil Servant 12 33
Self Employed 48 134
Other Occupations 13 34
Average Monthly Income
Less than UGX 10,000 123 340
UGX 10,000 — UGX 50,000 150 414
UGX 60,000 — UGX 100,000 44 122
Greater than UGX 100,000 45 124
Highest Education Level
No Formal Education 12 34
Primary 230 63.5
Secondary 96 26.5
Tertiary 24 6.6
Marital Status
Single 14 39
Married 328 90.6
Divorced/Separated 20 55
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for Internal Consistency. The questionnaire was used
to gather data on the predictor variables by interacting
with the study participants while the data for outcome
variables was obtained from the Child’s Immunization
cards by identifying the date of birth of the sampled child
as well as the date of receipt of PCV-3 or expected date
of receipt of PCV-3. These dates were used to compute
the age of receipt of PCV-3 or expected date of receipt of
PCV-3.

Data analysis

Data was analyzed using STATA v14 statistical software.
Both descriptive analyses and logistic regression analyses
(bi-variate and multi-variate) were done; and results pre-
sented as frequencies, percentages, cross-tabulations and
odds ratios at 95% level of confidence. The multivariate
model was run for variable with had a P-value of less than
0.2 at bivariate analysis. Statistical significance was con-
sidered at P<0.05.

Results

As illustrated below (see Table 1) out of the 362 Child-
Parent/Caretaker pairs, majority of the children were
males (195; 53.9%) and nearly all (353; 97.5%) of the chil-
dren were reported to have been born from a health facil-
ity. The mean age of the children was 25.1 + 14.3 months
and with a median age of 24 months. Most (211; 58.3%)
of the children were 2nd through 4th born followed those
who were first-borns (93; 25.7%) and lastly those who
were 5th born or above (58; 16.0%). Majority of the chil-
dren had 1-4 siblings (255; 70.4%). Approximately eight
in every ten (317; 87.6%) caretakers/parents were females
with only 45 (12.4%) of them being males. Majority (173;
47.8%) were aged 20—29 years and the biggest proportion
(289; 79.8%) were peasant farmer. 90.6% (328) of caretak-
ers were married with just 14 (3.9%) and 20 (5.5%) who
reported to be single and separated respectively. Regard-
ing the highest level of education attained, majority (230;
63.5%) of the parents/caretakers had attained primary
level.

Regarding timelines of PCV-3 vaccination (see Fig. 1),
out of the 362 sampled young children, 92 (25.4%) had
delayed to receive their PCV3 doses while 270 (74.6%)
had received their PCV3 doses within the recommended
time.

In bivariate analysis of the socio-demographic factors
(see Table 2), boy children were 1.65 times more likely
to delay on receiving PCV3 vaccination compared to
girls (cOR: 1.65. 95%CI: 1.03-2.66, P=0.039). Relative
to those aged 40 years and above, mothers aged 30 to 39
years have more than twice the odds of delayed PCV3
vaccination (cOR:2.12, 95%CIL: 1.06-4.24, P=0.033).
Other factors like number of siblings, birth order, birth
place, parent gender, occupation, monthly income, level



Malemo et al. BMC Pediatrics (2025) 25:29

Page 5 of 8
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Fig. 1 Showing Timeliness of PCV-3 vaccination among children 4-48months in Bugongi Town Council

of education and not being married were not significantly
associated with delayed PCV3 vaccination.

The adjusted multivariate model (see Table 3) only
found parent’s age 20-29 years [aOR=2.39 (1.14-5.01);
P=0.021] and 30-39 years [aOR=2.51 (1.16-5.45);
P=0.020] as well as being married [aOR=0.20 (0.04—
0.96); P=0.044] that were significantly associated with
delayed PCV3 vaccination whereas child’s gender didn't
show any statistical significance. Further tests of this
final model included Multicollinearity and Hosmer-
Lemeshow Goodness of Fit which showed no collinearity
(Tolerance >0.1) and with good fit (Chi2=0.74; P=0.863)
respectively.

Discussion
Timeliness of PCV-3 vaccination among children
4-48months
World Health Organization recommends that all children
should receive their last dose of the 3 + 0 regimen of PCV
vaccine within 95-126 days of life [22] giving an allow-
ance even to some children who delay to start vaccination
especially due to medical reasons. However if delayed,
the vaccine impact on mortality prevention through all
levels is greatly reduced resulting into greater difficulty to
prevent deaths [28]. Delayed PCV-3 receipt is considered
when a child receives his/her last dose past 126 days of
life. In this current study, a biggest proportion (74.6%) of
the sampled young children (4—48 months) had received
their PCV-3 within the recommended age (see Table 1);
but this rate is still below the “all-appropriate-age” vac-
cination target [29]. Moreover, the remaining 25.4%
(1 in every 4) (see Table 1) is a remarkable proportion
which needs stringent attention and intervention. This is
because, whereas the overall national PCV-3 coverage is
still below target [16, 17] even the age-appropriateness of
the received PCV-3 is now revealing to be sub-optimal.
This current rate (1 in 4 children) of delayed comple-
tion of PCV is way higher as compared to a 10.1% (1 in 10
children) recorded delay in Israel [30] and a 15.2% delay

in Saudi Arabia [31]; but lower as compared to a 40.2%
delay as observed in Australia [19], 42.8% in Michigan
— United States [32] and 53.7% in Germany [33]. This
observed delayed completion could be due to the fact
that much as the WHO recommendation sets an age
bracket for receipt of PCV3, locally on numerous occa-
sions great focus by the vaccination implementers is put
on coverage of the vaccine dose with less attention to
timeliness of its receipt. This implies that with the already
excellent vaccination acceptance rate, timely receipt of
vaccine doses is equally so possible if vaccination services
providers always make it a point to provide the vaccina-
tion doses within the recommended time.

Socio-demographic factors associated with delayed
completion of PCV-3
These findings (see Table 3) have shown that age of par-
ent/caretaker had a significant association to delayed
completion of PCV, specifically age 20-29 years and
30-39 years have shown 2.39 times and 2.51 times
increased chances of delayed completion respectively as
compared to a caretaker aged 40 years and above. Simi-
lar observation had earlier been reported in Saudi Ara-
bia where mother’s age > 26 years was strongly associated
with delayed vaccination [31] as well as in Malawi where
maternal age>30 years was associated with increased
risk of delayed vaccination [20]. This tendency may be
explained by the fact that most of the caretakers were
in this age bracket and were working (occupied); and so
busy at work to spare time or even to remember taking
their children for immunization in time or at all.
Furthermore, the study has discovered that caretak-
ers who are married are less likely to delay taking their
children for PCV3 as compared to caretakers who are
not married. Earlier findings had also seen similar asso-
ciations including the one in Jerusalem where married
caretakers were more likely to take their children for the
last dose of the vaccine in time as compared to non-mar-
ried ones [30]. This protective phenomenon expressed
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Table 2 Showing Bivariate Logistic Regression Analysis of the Socio-demographic characteristics
Variable Delayed PCV3 Completion
Yes, n=92 No, n=270 cOR (95% ClI) P-value
Number of Siblings, n (%)
None 20 (28.57) 50(71.43) 0.58 (0.22-1.54) 0.277
1-4 65 (25.49) 190 (74.51) 0.68 (0.29-1.63) 0.388
5 or more 7(18.92) 30(81.08) Ref.
Child Gender, n (%)
Male 41(21.03) 154 (78.97) 1.65 (1.03-2.66) 0.039*
Female 51 (30.54) 116 (69.46) Ref.
Child Birth Order, n (%)
st Born 26 (27.96) 67 (72.04) Ref.
2nd - 4th born 48 (22.75) 163 (77.25) 1.32 (0.76-2.30) 0.330
5th born or more 18 (31.03) 40 (68.97) 0.86 (042-1.77) 0.686
Child Place of Birth, n (%)
Health Facility 89 (25.21) 264 (74.79) Ref.
Home/Community 3(3333) 6 (66.67) 067 (0.17-2.75) 0.583
Parent’s Age, n (%)
<20 years 1(16.67) 5(83.33) 2.94(0.32-26.99) 0.340
20-29 43 (24.86) 130 (75.14) 1.78 (0.93-3.41) 0.083
30-39 28 (21.71) 101 (78.29) 2.12(1.06-4.24) 0.033*
>40 years 20 (37.04) 34 (62.96) Ref.
Parent’s Gender, n (%)
Male 14(31.11) 31 (68.89) 0.72 (0.37-1.43) 0.350
Female 78 (24.61) 239 (75.39) Ref.
Parent’s Occupation, n (%)
Peasant Farmer 75 (25.95) 214 (74.05) 1.78 (0.57-5.62) 0.323
Civil Servant 3(25.00) 9 (75.00) 1.88 (0.34-10.46) 0474
Self Employed 9(18.75) 39(81.25) 2.71(0.72-10.26) 0.143
Other occupations 5(3846) 8(61.54) Ref.
Monthly Income Category, n (%)
< UGX 10,000 25(20.33) 98 (79.67) Ref.
UGX 10,000 - UGX 50,000 44 (29.33) 106 (79.67) 0.62 (0.35-1.08) 0.090
UGX 60,000 - UGX 100,000 15 (34.09) 29 (70.67) 049 (0.23-1.06) 0.069
> UGX 100,000 8(17.78) 37(82.22) 1.18 (0.49-2.85) 0.713
Parent’s Level of Education
No Formal Education 2(16.67) 10(83.33) 1.93 (0.41-9.040) 0.405
Primary Level 64 (27.83) 166 (72.17) Ref.
Secondary Level 20 (20.83) 76 (79.17) 147 (0.83-2.59) 0.190
Tertiary Level 6 (25.00) 18 (75.00) 1.16 (0.44-3.46) 0.768
Marital Status, n (%)
Single 4(28.57) 10 (71.43) 0.28 (0.04-1.79) 0.178
Married 86 (26.22) 242 (73.78) 0.31(0.07-1.38) 0.124
Divorced/Separated 2 (10.00) 18 (90.00) Ref.

by married caretakers could be sourced from the family
support from the spouse but also most married couples
have a stationed home which thus provide a stable loca-
tion to both allow same site vaccination and also timeli-
ness of the receipt of the doses as compared to the single
or separated parents who are most likely to have changed
locations.

The above factors associated with delayed completion
of PCV may be used to explain delays in completion of
and also guide intervention regarding improvement in

timeliness of not only completion but also coverage of
other multi-dose vaccines like the Pentavalent, Polio,
and Rotavirus vaccines; since their administrations are at
similar ages and intervals as the studied PCV vaccine.

Conclusions

This survey has confirmed that among the children who
complete the last dose of PCV vaccination — an indica-
tor of vaccination coverage, a considerable proportion
are actually receiving it late. This phenomenon if not
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Table 3 Showing Multivariate Logistic Regression Analysis of
Factors associated with delayed PCV-3

Variable Multivariate analysis
aOR (95% Confience  P-
Interval) value
Child Gender
Male 1.52(0.91-2.54) 0.107
Female Ref.
Parent Age Category
<20 years 3.56 (0.37-34.56) 0274
20-29 2.39(1.14-5.01) 0.021
30-39 251 (1.16-5.45) 0.020
>40 years Ref.
Parent Occupation
Peasant Farmer 2.05(0.57-7.33) 0.271
Civil Servant 1.64 (0.23-11.74) 0.620
Self Employed 245 (0.58-10.31) 0222
Other occupations Ref.
Monthly Income Category
< UGX 10,000 Ref.
UGX 10,000 — UGX 50,000 0.61(0.34-1.12) 011
UGX 60,000 - UGX 100,000 0.52(0.23-1.20) 0.127
> UGX 100,000 1.22 (0.39-3.82) 0.733
Parents Highest Level of Education
No Formal Education 3.65(0.71-18.75) 0.122
Primary Level Ref.
Secondary Level 1.34(0.74-2.58) 0313
Tertiary Level 0.95 (0.26-3.46) 0.942
Marital Status
Single 0.17(0.02-1.22) 0.078
Married 0.20 (0.04-0.96) 0.044
Divorced/Separated Ref.

Entry into Multivariate model was considered for variable with P<0.2 at
Bivariate analysis

addressed may ultimately lead to failures to curb the tar-
geted pneumococcal infections especially among both
the non-vaccinated children and also those who delay
to complete the doses. From the study findings, it is also
evident that emphasis in terms of sensitization about the
detrimental effects of delayed vaccination completion is
un-doubtfully desired among caretakers who are aged
20-39 years as well as those who are not married.
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