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Introduction

Globally, under-5mortality was reported as 38 per 1,000 live
births in 2019; in South Africa that rate is 34.5 per 1,000 live
births.1Vaccine-preventable diseases (VPDs) contribute con-
siderably to these child mortality rates.2 The South African
Expanded Program on Immunizations (EPI-SA) was intro-

duced in 1995 with the purpose of preventing VPDs.3 The
immunization schedule outlined by EPI-SA is in line with
recommendations by the World Health Organization and
forms part of a comprehensive primary health care system.
Since its introduction, EPI-SA has expanded and now targets
11 VPDs, with a significant reduction in morbidity and
mortality. For instance, there has been more than a 40%
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Abstract Objective Our objective was to identify factors which underline nonadherence to
childhood immunizations provided by the Department of Health and outlined in the
Expanded Program on Immunizations in South Africa.
Methods A cross-sectional descriptive study was conducted at Dora Nginza Hospital,
a regional hospital in the Eastern Cape Province, which provides free health care in
resource-limited settings. It included patients under the age of 5 years and their
primary caregivers. A piloted questionnaire was used to collect data, and comparisons
were made between children under the age of 5 years who missed one or more
immunizations and those with complete immunizations. Data on maternal/caregiver
and health system-related characteristics were also collected, and comparisons were
made between the two groups.
Results Of the 200 participants enrolled in the study, 47 (23.5%) had incomplete
immunizations. Prematurity (odds ratio [OR]¼ 0.33, p¼0.001), vaccine shortages
(OR¼ 0.22, p<0.005), and a low maternal/caregiver level of education (OR¼0.32,
p¼0.002) were significantly associated with incomplete immunization status.
Conclusion Strategies to improve supply chain management of vaccines and to
optimize follow-up care of high-risk children, specifically those born prematurely and
those born to women of lower education level, need to be identified and implemented
to reduce vaccine-preventable diseases.
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decrease in pneumococcal diseases in children, 40% reduc-
tion in the hospitalization of childrenwith diarrhea, and 60%
reduction in hospitalizations from diarrhea caused by
rotavirus.3

The target set by the Global Vaccine Action Plan 2011 to
2020 and endorsed by the World Health Assembly was that
by 2020, all countries would have reached at least 90%
national coverage for all vaccines in the country’s immuni-
zation schedule.4 In South Africa, coverage was reported to
be as low as 54% for the second dose of the measles vaccine
and 73% for the rotavirus vaccine.5 Reasons for the subopti-
mal coverage are multiple. Studies show an association
between incomplete immunization and certain socioeco-
nomic, parental demographic and health system-related
factors. These include low income, low level of parental
education, and difficulties accessing vaccines.6,7

The South African health care system is highly unequal,
with the underresourced state-funded public sector catering
for 71% of the population, and a private sector largely funded
by individual contributions to various health insurance
schemes.8 The Eastern Cape Province is geographically
the second largest in the country but also the poorest of
the nine provinces. Approximately, 12.7% of households in
the province live in poverty.9 The largest city in this province
is Gqeberha, formerly known as Port Elizabeth. Dora Nginza
Hospital (DNH), a regional hospital in Gqeberha, provides
free health care to the Nelson Mandela Bay (NMB) Munici-
pality. There are 39 primary health care facilities in NMB that
refer sick children directly to DNH. Most of the people who
access health care from DNH come from low-income house-
holds and live in periurban communities and have been
historically economically disadvantaged.

There are numerous studies in low- and middle-income
countries investigating the factors associatedwith incomplete
immunizations in children. In Nigeria, Kenya, Bangladesh,
India, and Indonesia, certain socioeconomic characteristics
have been consistently shown to be associated with incom-
plete immunizations.10–14 These include low-income house-
holds, children living in rural communities, children of
mothers with no formal education, children of mothers with
poor knowledge of immunizations, and children of mothers
who do not receive antenatal or postnatal care.10–14

Studies focused on the issue of nonadherence to the EPI-
SA immunization schedule are limited in South Africa,
especially in the Eastern Cape Province. We, therefore,
sought to investigate the factors which underline incomplete
immunizations in children under the age of 5 years admitted
to DNH.

Methods

We conducted a cross-sectional descriptive study from 1
August 2020 to 7 October 2020. We enrolled parent/child
pairs. The children were all under the age of 5 years and had
been admitted to the general pediatric wards at DNH. The
pediatric department at DNH offers regional and tertiary
level services to all children �12 years in the NMB and Sarah
Baartman Districts of the Eastern cape Province of South

Africa. The two general pediatric wards accommodate chil-
dren admitted to the hospital, excluding inborn neonates and
children with surgical conditions. These two wards have a
combined capacity of 90 beds and are staffed by full-time
doctors including specialist pediatricians, medical officers,
and pediatric registrars. They provide the same in-patient
general medical care.

All children under the age of 5 years admitted to the two
general pediatric wards at DNH who were in possession of a
Road-To-Health-Booklet (RTHB) at the time of admission,
andwhose parents or caregivers provided informed consent,
were enrolled by the primary investigator/researcher. The
RTHBs are booklets provided freely by the Department of
Health to every child born in the country, whether in a
private or public facility. These booklets contain important
information on the well-being of the child and mother, and
any routine childhood immunization administered is for-
mally documented in the RTHBs. They usually accompany
the child when he/she is presented to a health facility by the
parent or guardian. These booklets are, therefore, a quick and
reliable way to confirm administered vaccines.

We made comparisons between those who were up-to-
date with their immunizations as indicated in their RTHBs
and those who had missed one or more immunizations.

To assess immunization uptake among study participants,
sample size calculation was based on the formula below15:

n¼ Z2� P (1–P)/d2

where n is the sample size, Z¼1.96 for 95% confidence
interval, P is the prevalence of 0.9 based on the assumption
that 100% immunization coverage is ideal, and<90% is
suboptimal, based on the target set by the Global Vaccine
Action Plan 2011 to 2020,4 and d¼ level of significance of
0.05.

The prevalence of 90% stated above was used as there is a
paucity of statistics on vaccine uptake in the Eastern Cape
province of South Africa. Based on this calculation, a mini-
mum of 138 participants were required; however, we ulti-
mately enrolled and included 200 participants.

We used a piloted interviewer-administered and self-
developed questionnaire to collect data. Data were collected
from the mothers/caregivers. The questions developed were
based on findings from studies in low- and middle-income
countries which have shown the effects of socioeconomic
factors such as household income, maternal factors such as
education level, and health-system factors such as proximity
to health facility, on immunization status. Questions includ-
ed, therefore, sought to determine if similar factors played a
role in immunization status in the study population.We first
piloted the questionnaire among 10 participants. The im-
munization statuses of the enrolled children were assessed
by scrutinizing their RTHBs, and the prevalence of incom-
plete immunization was calculated. We used the question-
naire to obtain information on child and maternal/caregiver
and health system-related characteristics that were likely
contributors to nonadherence to the immunization schedule.
Maternal/caregiver characteristics included the income
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level. A household income of less than R1,000 permonthwas
considered low, as this is below the 2020 poverty line value
of R1,268 per person, per month, as revised by Statistics
South Africa.16 Participants were recruited after receiving
their informed consent.

Ethics approval was granted by Walter Sisulu University
(ref. no. 014/2020), Eastern CapeHealth Research Committee
(EC_202005_006), and the DNH hospital management.
Microsoft Excel and Statistica version 13 were used to
analyze data. The continuous variable of age was described
usingmean and standard deviation, and categorical variables
were analyzed using frequency distributions with percen-
tages. Hypothesis testing was performed using the Student’s
t-test for continuous variables, and the chi-square test for
categorical variables. For effect measures, a p-value<0.05
and a 95% confidence interval which did not include the null
value of one were considered statically significant.

Results

Fivehundred and sixty-two childrenwere admitted to the two
general pediatric wards during the course of the study. Out of
this number, 243 were below the age of 5 years and 213 of
them where in possession of an RTHB on admission. We

enrolled a total of 200 children and their parents/guardians.
Forty-seven (23.5%) childrenhadan incomplete immunization
status. Of 200 children, 57.0% were male, 68.5% identified as
black , and 30.0% as colored; most (56.5%) were aged under
12months. Themedian agewas 8months (interquartile range
[IQR]¼2–24), and themedian birth order was the second (IQR
1–3). A majority of 66.5% had no past hospital admissions and
76.5% had nohistory of a chronic illness. In addition, 76.0% had
no history of prematurity and only 8.0% reported a history of
significant infections in the neonatal period. A comparison of
child characteristics between thosewith complete and incom-
plete immunization status is summarized in ►Table 1. Pre-
maturity was the only child characteristic found to be
associated with incomplete immunization status (odds ratio
[OR]¼0.33, p¼0.001).

Regarding maternal/caregiver characteristics, 6.5% of the
mothers/caregivers had an income of less than R1,000 per
month. Of the 200 participants, 72.5% lived in formal hous-
ing, 48.0% had less than three children in the household, and
91.0% reported more than two maternal antenatal clinic
visits in the last pregnancy. A majority of 97.5% perceived
immunizations to be important and 99% were in favor of
immunizations. Also, 95.0% had no beliefs that prevented
them from immunizing their child/guardian.

Table 1 Comparison of child characteristics between children with complete and incomplete immunization status (n¼ 200)

Variable Complete
immunizations
(n¼153)
No. (%)

Incomplete
immunizations
(n¼ 47)
No. (%)

Total
(n¼ 200)

Odd
ratio

95%
Confidence
interval

p-Value

Sex

Male 84 (74.0) 30 (26.0) 114 0.7 0.4–1.45 0.280

Female 69 (80.0) 17 (20.0) 86

Ethnicity

Black 109 (80.0) 28 (20.0) 137 0.6 0.3–1.0 0.144

Colored 42 (70.0) 18 (30.0) 60

Birth order

First 56 (80.0) 14 (20.0) 70 0.7 0.4–1.5 0.390

Second–seventh 97 (75.0) 33 (25.0) 130

Age (months)

0–11 28 (25.0) 85 (75.0) 113 1. 2 0.6–2.3 0.670

12–59 68 (78.0) 19 (22.0) 87

Chronic illness(es)

Yes 32 (68.0) 15 (32.0) 47 0.6 0.3–1. 2 0.120

No 121 (79.0) 32 (21.0) 153

Previous admission(s)

None 106 (80.0) 27 (20.0) 133 0.6 0.3–1. 2 0.133

One–eight 47 (70.0) 20 (30.0) 67

Prematurity

Yes 28 (58.0) 20 (42.0) 48 0.3 0.6–0.9 0.001

No 125 (82.0) 27 (18.0) 152

Note: The bold font indicates p-values which were less than 0.005.
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A comparison of maternal/caregiver characteristics be-
tween childrenwith complete and incomplete immunization
status is summarized in ►Table 2. A low level of education
was associated with an incomplete immunization status
(OR¼0.32, p¼0.002; ►Table 2).

Primary health facility-related characteristics in children
with complete and incomplete immunization status are
compared in ►Table 3. The only significant association
with immunization status was a history of past incidents
of vaccine shortages at the participant’s primary health
facility. The odds of complete immunization if there was
such history was 0.2 times the odds for the group without
such history (►Table 3).

A majority (75.0%) of participants lived within walking
distance of their preferred primary health facility, and 69%
participants had never experienced incidents of vaccine
shortages there. Almost half (48.5%) of participants rated
the attitude of the staff at their primary health facility as
good, and 88.0% were satisfied with they care received.

Discussion

Factors which affect childhood immunization status were
analyzed among children under the age of 5 years admitted
to a regional public hospital in South Africa. We identified
prematurity, vaccine shortages, and low level of education of
the primary caregiver as factors associated with incomplete
immunization status.

The association of prematurity with incomplete immuni-
zation is not a new finding. Studies have shown that delayed
immunizations of premature infants by health care staff are
common, despite adequate data supporting early immuni-
zation without correction for gestational age in stable pre-
mature infants.17–19 In this study, possible reasons for
incomplete immunizations in children with a history of
prematurity may include prolonged in-hospital stay during
the neonatal and immediate postneonatal period andmissed
opportunities for immunization while in hospital. This may
be due to misconceptions by medical staff regarding

Table 2 Comparison of maternal/caregiver characteristics between children with complete and incomplete immunization status
(n¼200)

Variable Complete
immunizations
(n¼153)
No. (%)

Incomplete
immunizations
(n¼ 47)
No. (%)

Total
(n¼200)

Odd
ratio

95%
Confidence
interval

P-value

Age (years)

<26 52 (75.0) 17 (25.0) 69 1.1 0.6–2. 2 0.783

26 þ 101 (77.0) 30 (23.0) 131

Marital status

Single, separated, divorced, widowed 90 (78.0) 25 (220) 115 0.8 0.4–1.5 0.470

Living together, married 63 (74.0) 22 (26.0) 85

Education level

<Grade 12 78 (68.0) 36 (32.0) 114 0.3 1.5–6.6 0.002

Grade 12þ 75 (87.0) 11(13.0) 86

Employment status

Unemployed 110 (74.0) 38 (26.0) 148 1.7 0.7–3.7 0.221

Employed 43 (83.0) 9 (17.0) 52

Housing type

Informal 39 (71.0) 16 (29.0) 55 1.5 0.8–3.1 0.251

Formal 114 (79.0) 31 (21.0) 145

Income/month

<R3 500 88 (73.0) 32 (27.0) 120 1.6 0.8–3.2 0.196

R3 500þ 65 (81.0) 15 (19.0) 80

Family size

<3 68 (71.0) 28 (29.0) 96 1.8 1.0–3.6 0.069

>3 85 (82.0) 19 (18.0) 104

Alternative medicine use

No 129 (75.0) 42 (25.0) 171 1.6 0.6–4.4 0.740

Yes 24 (83.0) 5 (17.0) 29

Note: The bold font indicates p-values which were less than 0.005.
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immunization of the premature infant, such as the need to
correct for gestational age and to wait for the infant to grow
and mature before immunization, as well as immunizations
being deemed unsafe in the premature infant. These mis-
conceptions and the incorrectly perceived contraindications
to immunization of the premature infant need further
investigation and may be addressed with appropriate staff
education and training.

A low maternal/caregiver level of education was also
shown to have a negative effect on immunization status. In
low-income countries, it is well documented that incomplete
immunization in children is associated with mothers who
have had no formal education.20,21 A low level of maternal
education may be an indicator of low socioeconomic status,
and in many low- tomiddle-income countries inequalities in
full immunization coverage have been shown to differ
according to wealth, with prorich inequalities existing.20

These findings, however, contrast with a prospective cohort
study in the United Kingdom where a higher proportion of
mothers of unimmunized infants were educated to
the degree level or above.22 In high socioeconomic popula-
tions, there appears to be parental vaccine refusal due to
vaccine-related concerns regarding side effects and dosing.23

The only health system-related characteristic associated
with incomplete immunization was that of an experience of
vaccine shortages at one’s primary health facility. Vaccine
shortages result in an unreliable supply of needed vaccines to

children, contributing to the issue of incomplete immuniza-
tions. In this study, 31% of participants reported having
experienced vaccine shortages. The odds of complete immu-
nizations in the group of patientswithout a history of vaccine
shortages is 4.55 times greater than that of the group with a
history of vaccine shortages at their primary health facility.
To address the problem of vaccine shortages, technology and
real-time alerts can be used to project vaccine needs and
availability, monitor vaccine uptake and predict, prevent, or
at least minimize vaccine shortages.

We found no statistically significant effects of sex, age,
birth order, or a history of previous admissions or chronic
illness on immunization status. There was also no statisti-
cally significant effect of children’s ethnicity on immuniza-
tion status. However, 69 and 30% of the participants in the
study identified as “black” and “colored,” respectively, mean-
ing that the study population is not representative of the
general South African population; this mut be borne in mind
when considering the results of this study.

Maternal/caregiver age, marital status, monthly income,
housing type, and family size also had no effect on immuni-
zation status. However, study participants were predomi-
nantly from low-income families, which may account for the
lack of a significant effect of socioeconomic factors on the
completeness of immunizations.

In low- and middle-income populations, there is well-
documented research on the issue of service inaccessibility

Table 3 Comparison of the primary health facility-related characteristics between children with complete and incomplete
immunization status (n¼ 200)

Variable Complete
immunizations
(n¼ 153)
No (%)

Incomplete
immunizations
(n¼ 47)
No (%)

Total
(n¼ 200)
No (%)

Odd ratio 95% confidence
interval

p-Value

Proximity of residence to primary health facility

Within walking distance 115 (77) 35 (23) 150 0.96 0.45–2.04 0.923

Not within walking distance 38 (76) 12 (24) 50

Past incidents of vaccine shortages

No 118 (86) 20 (14) 138 0.22 0.11–0.44 < 0.005

Yes 35 (56) 27 (44) 62

Trust in staff at primary health facility

No 51 (74) 18 (26) 69 1.24 0.63–2.44 0.531

Yes 102 (78) 29 (22) 131

Attitude of staff at primary
health facility

50 (79) 13 (21) 63 0.79 0.38–1.62 0.535

Poor/Fair Good/Excellent 103 (75) 34 (25) 137

Staff perceived to have adequate knowledge of immunizations

No/Not sure 31 (74) 11 (26) 42 1.20 0.55–2.63 0.644

Yes 122 (77) 36 (23) 158

Satisfied with care received at primary health facility

No 21 (88) 3 (12.5) 24 0.43 0.12–1.51 0.175

Yes 132 (75) 44 (25) 176

Note: The bold font indicates p-values which were less than 0.005.
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as a major obstacle to immunization.7 Interestingly, no
statistically significant effect was shown in the current study
between immunization status and proximity to health facil-
ities or other health system characteristics described. This
may be the result of the majority of the study participants
livingwithinwalkingdistance of their primary health facility
with easy access to immunization services.

This study identified three significant factors associated
with incomplete immunizations in children under 5 years of
age including a history of prematurity, a low maternal/
caregiver education level, and an experience of vaccine short-
ages at the local primary health facility. To reduce mortality
fromVPDs, high-risk children need to be identified and closely
followed up, in-patient immunization of premature infants
needs tobesteppedup, supplychainandother issues related to
vaccine shortages need to be identified and resolved, and the
broader social issue of improving basic education for girls
requires urgent attention.

Despite generating useful information, the study had
several limitations. First, due to limited resources and con-
sequent logistical difficulties, the study was conducted only
on in-patients at DNH. It may not, therefore, be representa-
tive of the population of children in the Eastern Cape
Province as a whole since healthy children, and children
attending clinics and private health facilities were excluded.
Moreover, data were collected using a self-developed ques-
tionnaire due to the lack of availability of validated ques-
tionnaires in similar studies in the country and region.

Calculating the sample size using a formula for prevalence
studiesmayhave resulted in thestudybeingunderpowered for
some of the correlations tested, but this means that we can be
certain that the significant correlations found were correct. A
Cochrane review evaluating interventions which can improve
vaccine uptake in low- and middle-income countries showed
that providing information on immunization to the commu-
nity, integrating immunization with other services, providing
incentives, and redesigning reminder cards are all strategies
which may improve vaccine uptake.24

Also, there was the limitation of participant recall bias
which was difficult to avoid due to the nature of the study.
Lastly, because it was important to assess immunization
status formally, and the RTHB is an important tool for
documenting administered vaccines, children without
RTHBs were excluded. This may have introduced bias be-
cause vaccine uptake may differ between the groups of
children. There is, however, no known prior research inves-
tigating potential differences between the two groups, and
this was not an objective of this study.

Conclusion

VPDs contribute significantly to under-5 mortality globally
and in South Africa. An understanding of the factors under-
lining nonadherence to the childhood immunization sched-
ule outlined by EPI-SA is paramount to addressing the issue
of incomplete immunizations. The factors identified in the
current study include prematurity, a low level of
maternal/caregiver education, and previous vaccine short-

ages at one’s primary health facility. These findings present
an opportunity for the health district to develop strategies
for high-risk children. Intersectoral collaborative efforts are
needed to improve maternal education and to resolve ad-
ministrative and health systems issues, such as vaccine
shortages.
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