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Abstract

Background.—Although immunisation services are available to all children in South Africa
(SA), many children miss or have delays in receiving vaccines. There are limited data on factors
associated with missed or delayed vaccination in children in this setting.

Objectives.—To assess vaccination coverage and factors associated with missed and delayed
diphtheria-tetanus-pertussis vaccine third dose (DTP3) vaccination in children aged 12 — 59
months in two SA communities.
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Methods.—We used data from household-level healthcare utilisation surveys conducted in
Soweto in 2012 and in Pietermaritzburg in 2013. Information on vaccination status was recorded
from the Road to Health cards or vaccination history from clinics for children aged <5 years.
Factors associated with missed or delayed DTP3 vaccination were assessed using unconditional
logistic regression.

Results.—Of a total of 847 eligible children aged 12 — 59 months, 716 had available vaccination
information. Overall DTP3 vaccination coverage was high for both sites: 90.6% in
Pietermaritzburg and 93.9% in Soweto. However, 32.6% and 25.2% of DTP3 vaccinations were
delayed (received after 18 weeks of age) in Pietermaritzburg and Soweto, respectively. The median
delay for DTP3 vaccinations was 4.7 weeks (interquartile range 1.7 — 23.0). Factors associated
with delayed DTP3 vaccination included being born in 2010 (adjusted odds ratio (aOR) 3.0, 95%
confidence interval (Cl) 1.4 - 6.3) or 2011 (aOR 2.7, 95% CI 1.3 — 5.7) compared with being born
in 2008, probably due to vaccine shortages; a low level of education of the primary caregiver, with
children whose caregivers had completed secondary education having lower odds of delayed
vaccination (aOR 0.5, 95% CI 0.3 — 0.9) than children whose caregivers only had primary
education; and maternal HIV status, with unknown status (aOR 3.5, 95% CI 1.6 — 7.6) associated
with higher odds of delay than positive status. Factors associated with missed DTP3 vaccination
(not vaccinated by 12 months of age) included two or more children aged <5 years in a household
(aOR 2.4, 95% CI 1.2 — 4.9) compared with one child, and household monthly income <ZAR500
(aOR 3.4, 95% CI 1.1 — 11.4) compared with 2ZAR2 000.

Conclusions.—Despite high overall DTP3 coverage observed in two communities, many
vaccinations were delayed. Vulnerable groups identified in this study should be targeted with
improved vaccination services to enhance uptake and timeliness of vaccination.

Of 7.6 million children who died before their 5th birthday in 2010, about two-thirds died of
vaccine-preventable diseases.[!] Sub-Saharan Africa had the highest under-5 mortality rate,
with 92 deaths per 1 000 live births in 2013.[2] One possible factor contributing to the high
mortality rate from vaccine-preventable diseases may be failure to complete all age-
appropriate vaccine doses as specified by the World Health Organization (WHO)
immunisation recommendations.[3] Despite global improvements in vaccine coverage,
coverage remains lowest on the African continent, with only 76% of children having
received the third dose of diphtheria-tetanus-pertussis vaccine (DTP3) in 2015.4] Reported
vaccination coverage in South Africa (SA) differs by province and district, as well as by the
method used to determine coverage, i.e. local administrative data v. WHO/United Nations
Children’s Fund (UNICEF) vaccination coverage estimates. [5] Based on administrative data,
some districts reported vaccination coverage exceeding 100% for some vaccines, which
implies inaccurate denominator data.l8] According to the WHO/UNICEF estimates of
national immunisation coverage, only 66% of children aged 12 — 23 months in SA received
DTP3 in 2016, which is below the recommended target of 90%.[71 DTP3 coverage at 12
months of age is considered to be the main indicator of immunisation programme
performance, as it reflects the ability of the family to access and utilise immunisation
services on multiple visits, and the functioning of the service.

While immunisation programmes emphasise high coverage, delays in receipt of vaccinations
are often not taken into consideration,[®] and studies have shown that vaccination delays can
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occur even in countries with high vaccination coverage.[®! Delayed vaccination leaves
children susceptible to diseases and reduces herd immunity, which increases the spread of a
disease in a population. It is therefore important to assess not only vaccine coverage but also
timeliness of vaccination. Previous studies have recommended timely coverage as an
indicator of immunisation programme performance, because high coverage alone cannot
ensure adequate protection of children from infections.[10.11] Delays increase with the
number of vaccine doses;[1213] for example, DTP3 vaccination is more likely to be delayed
than DTP1.

In SA, many children miss vaccinations or have delays in receiving them even though the
National Department of Health (NDoH) provides free vaccinations for all infants and
children aged <12 years. A study that assessed timely delivery of immunisations to children
during the first 2 years of life in a rural area of Eastern Cape Province found that half of
diphtheria, tetanus, acellular pertussis, inactivated polio vaccine and Haemophilus influenzae
type b (DTaP-IPV/HiB) third immunisation doses were given >4 weeks late.[24] In Western
Cape Province, vaccination coverage rates <90% and significant delays for most vaccines
were observed.[13] There are only a few studies available that looked at factors associated
with missed and delayed vaccination in SA;[8:15] these studies were also conducted before
the introduction of new vaccines in the Expanded Programme on Immunisation (EPI). In
20009, three new vaccines, the pneumococcal conjugate vaccine (PCV), rotavirus vaccine and
pentavalent vaccine with an acellular pertussis component, were all introduced into the EPI.
[16] It is possible that these changes may have affected vaccine coverage or timely
vaccination of children.

Objectives

Methods

To investigate vaccination coverage, and factors associated with missed and delayed
vaccination, in children aged <5 years in two SA communities.

Study setting and sampling

This study used data from healthcare utilisation surveys (HUSs) conducted in areas
surrounding two hospital-based severe acute respiratory infection surveillance sites, Chris
Hani Baragwanath Hospital in Soweto (from September to December 2012) and Edendale
Hospital in Pietermaritzburg (from October to December 2013). Soweto is an urban
township outside Johannesburg with a population of ~1.3 million people in 2011.
Pietermaritzburg is a peri-urban town with a population of 618 536 in 2011.[17]

The study enrolled children aged <5 years from households that participated in the HUSs.
For the Soweto HUS, households were selected for participation using a simple random
sampling framework of geographical co-ordinates (latitude and longitude) within the
boundaries of what were considered the residential areas of each site.[18] The closest
dwelling within 30 m of the randomly selected co-ordinates was approached for enrolment.
(18] For the Pietermaritzburg HUS, a complete list of households in the catchment area was
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available; households were then selected by simple random sampling. Field teams used
hand-held global positioning system (GPS) devices to navigate to selected households.

Data collection and outcomes

Data were collected using standardised questionnaires through which members of the
household were interviewed about demographic information, medical conditions and
healthcare utilisation. The interviews were conducted in the preferred language of the
household by community health workers. The information on vaccination status was
recorded from Road to Health cards (RTHCs), and in Soweto also from clinic records when
RTHCs were missing. Clinic visits for missing data were not done in Pietermaritzburg. In
Soweto, nurses were able to obtain vaccination histories from clinic records if immunisation
cards were not available, whereas in Pietermaritzburg vaccination histories were collected by
community health workers who did not have access to clinic records. Children without an
RTHC or vaccination history from clinic records were excluded. RTHCs or clinic records
were also used to establish maternal HIV status. Self-reported maternal HIV status was used
if status was not documented on the RTHC or clinic records.

Vaccination coverage was derived by dividing the number of children aged 12 — 59 months
who received DTP3 vaccine by the number of children in that age group. A dose was
considered given if it was recorded as such on the child’s RTHC or in clinic records. The age
of a child, calculated using date of birth and survey date, was used to determine whether or
not a child was eligible to receive a specific vaccine dose as described in SA’s EPI schedule
for 2012 — 2013. Delayed vaccination coverage was calculated by dividing the number of
children aged 12 — 59 months who received a vaccine dose >1 month from the due date by
the total number of children who received that particular dose. We used a cut-off of 4 weeks
because this is the minimum interval between doses that is recommended by the WHO.[19]
The age at vaccination was used to determine whether or not the vaccine dose was delayed
and to estimate the length of delays (in weeks). A vaccine dose was considered missed if it
was not received by 12 months of age. We also looked at the reasons given by caregivers for
their children having missed or delayed any vaccinations, and challenges in accessing
immunisation services.

Statistical analysis

All analyses were performed using Stata version 13 (StataCorp, USA). A XZ test or Fisher’s
exact test was used to compare the characteristics of participants and vaccination coverage
across study sites. Two separate logistic regression models were conducted to assess the
association between independent variables and the vaccination outcomes (missed and
delayed vaccination). All variables with a p-value <0.20 on univariate analysis were
included in the multivariable model. Variables that were non-significant (£>0.05) were
removed one at a time using backward elimination, and the Wald test was used to confirm
their significance in the model before removing them. A clustered sandwich estimator
approach was used to account for clustering at the household level, as all children aged 12 —
59 months in the household were enrolled. Potential multicollinearity among independent
variables was assessed prior to fitting the multivariable model. For example, age and birth
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year are highly correlated, so we maintained only one of these variables depending on its
significance in the model.

Ethical considerations

Results

The HUSs received approval from the University of the Witwatersrand (ref. no. M120367)
and University of KwaZulu-Natal (ref. no. BE209/13) human research ethics committees,
and the primary caregiver provided written consent for participation on behalf of the
household. For this analysis, ethics approval was also obtained from the University of the
Witwatersrand Human Research Ethics Committee (ref. no. M151164).

Study participants

Of a total of 2 382 households that were randomly selected from a list of households in
Pietermaritzburg, 144 (6.0%) were no longer inhabited (Fig. 1). Of the remaining 2 232
(94.0%) that were visited, 134 (6.0%) refused participation and 168 (8.0%) did not have a
primary caregiver present after three attempted visits for interview. A resulting 1 936
(86.5%) households with a total of 9 750 members were surveyed in Pietermaritzburg.
Among the surveyed households, 514 (26.5%) had at least one child aged <5 years. In
Soweto, of 1 713 selected geographic co-ordinates, 191 (1.2%) were no longer inhabited. Of
the 1 522 (88.8%) households visited, 207 (13.6%) refused participation and 342 (22.5%)
did not have a primary caregiver present after three attempted visits for interview. A
resulting 973 (63.9%) households with a total of 4 364 members were interviewed in
Soweto. Among the surveyed households, 248 (25.5%) had at least one child aged <5 years.
Data were collected on a total of 1 061 children aged <5 years (705 from Pietermaritzburg
and 356 from Soweto). Of these children, 847 were 12 — 59 months of age, 554 (65.4%)
from Pietermaritzburg and 293 (34.6%) from Soweto. Of 847 enrolled children aged 12 — 59
months, only 716 (84.5%) (279 (39.0%) in Soweto and 437 (61.0%) in Pietermaritzburg)
had immunisation cards/vaccination histories.

Characteristics of participants

The study sites differed in respect of a number of characteristics (Table 1). In Soweto,
households were significantly more likely than households in Pietermaritzburg to have a
monthly income between ZAR500 and ZAR1 999 and primary caregivers who had
completed secondary education. A higher proportion of children in Soweto lived in
households made of bricks and with flush toilets. In Pietermaritzburg, households were more
likely to report owning assets, such as cell phones (mobile phones), land or a bicycle, than
households in Soweto.

DTP3 vaccination coverage

For the 716 children with available vaccination histories, DTP3 coverage was >90% in both
sites: 396/437 (90.6%) in Pietermaritzburg and 262/279 (93.9%) in Soweto. In Soweto,
DTP3 coverage (Table 2) increased by age group and was highest in children aged 48 — 59
months (98.4%), even though the increase was not significant. In Pietermaritzburg there was
no trend observed in coverage by age group. The median delay for DTP3 vaccination was
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more than a month (4.7 weeks, inter quartile range 1.7 — 23.0). DTP3 vaccinations were
delayed by 32.6% and 25.2% in Pietermaritzburg and Soweto, respectively. Delayed DTP3
vaccination differed significantly by age group in both sites. The highest proportion of
delayed DTP3 vaccination was observed among children aged 12 — 23 months in Soweto
(36.7%; p=0.003) and among children aged 36 — 47 months in Pietermaritzburg (42.3%;
£=0.001).

Factors associated with missed DTP3 vaccination

Two factors were shown to be associated with children missing DTP3 vaccination at the two
sites (Table 3). Children from households with two or more children aged <5 years (adjusted
odds ratio (aOR) 2.4, 95% confidence interval (Cl) 1.2 — 4.9) and children from households
that had a monthly income <ZAR500 (aOR 3.4, 95% CI 1.1 — 11.4) were more likely to miss
DTP3 vaccinations than children from households with only one child aged <5 years or that
had a monthly income of >ZAR2 000.

Factors associated with delayed DTP3 vaccination

Factors associated with delayed vaccination differed somewhat from those associated with
missed vaccination (Table 4). Children whose mothers had completed secondary school
education were less likely to have delayed vaccination than children whose mothers had only
primary education (aOR 0.5, 95% CI 0.3 — 0.9). Children born in 2010 (aOR 3.0, 95% ClI
1.4-6.3) or 2011 (aOR 2.7, 95% CI 1.3 — 5.7) were more likely to have delayed vaccination
than children born in 2008. Unknown maternal HIV status was associated with increased
odds of delayed vaccination (aOR 3.5, 95% CI 1.6 — 7.6).

Reasons given by caregivers for missed or delayed vaccinations

The two most common reasons given by caregivers for their children having missed or
delayed receiving any vaccinations were that the clinic had been out of stock of the relevant
vaccine (147/253, 58.1%) and that there was no one available to take the child to the clinic
for immunisations (66/253, 26.1%). Of the children who missed or delayed any vaccinations
due to vaccine stock-outs, 50 (34.0%) and 58 (36.7%) were born in 2010 and 2011,
respectively.

Challenges experienced by caregivers in accessing immunisation services for their
children

Only 6.8% (49/716) of caregivers reported challenges in accessing immunisation services
for their children. The main challenges were unfriendly staff (26/49, 53.1%), restricted
opening hours of clinics (11/49, 22.5%), long distances to travel to the clinic (8/49, 16.3%),
being unable to get leave from work to take a child to the clinic (3/49, 6.1%) and transport
costs to reach the clinic for immunisation services (2/49, 4.1%).

Discussion

In this study, we report DTP3 coverage and factors associated with delayed and missed
vaccinations in children 12 — 59 months of age using HUS data from two communities in
SA. Our results show significant variation in delayed vaccination between age groups, but no
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significant variation in vaccination coverage by age. Household characteristics that were
associated with children missing vaccinations included low monthly income and having two
or more children aged <5 years in a household. We found that being born in 2010 or 2011
and unknown maternal HIV status were associated with higher odds of delayed vaccination.
Children whose mothers had completed secondary education were less likely to have
delayed vaccination.

DTP3 vaccination coverage was high in both study sites. Different strategies used for
vaccination history data collection at the different sites may have influenced coverage
estimates, because we did not visit the clinics to verify vaccination histories in
Pietermaritzburg. There are a number of estimates of vaccination coverage for SA, including
the WHO and SA NDoH administrative estimates.[”] These systems give differing results
owing to use of different methodologies.[201 WHO and UNICEF estimates for DTP3 in 2012
and 2013 were 65% and 73%, respectively, while administrative DTP3 coverage was 89%
and 91% in the same years.l”] WHO estimates are derived through an annual country review
of all available data, including administrative and survey-based coverage data.
Administrative data estimates are calculated from health facility routine data in which the
total number of children in the community forms part of the denominator and the number of
vaccinations administered during a given period are included in the numerator. Our
vaccination coverage estimates were similar to the administrative data, giving us some
confidence in the validity of our findings. As we used a survey approach, it is possible that
our results may be more accurate than other methods. Surveys produce estimates from a
representative sample of households with children in a target age group and may include
vaccine doses administered in private health facilities.

We observed a decrease in DTP3 coverage after new changes in the SA immunisation
programme, i.e. the change to a combined vaccine (DTaP-IPV/Hib) and the introduction of
new vaccines (rotavirus and PCV), all in 2009. Changing several different vaccines in the
EPI at the same time may have affected the ability to timeously deliver vaccines to some
degree, as clinics would have had to manage many different aspects of the new schedule
including vaccine supply and the cold chain as well as staff training and other logistics.
[21.22] Stock-outs can affect vaccine delivery; in 2010, for example, the NDoH reported
Pentaxim delivery issues that resulted in shortages of this vaccine in some health facilities in
SA.[23] Children born in 2010 or 2011 in our study were more likely to have delayed
vaccinations, probably owing to vaccine delivery problems associated with changes to the
EPI towards the end of 2009. A study in Burkina Faso found an association between year of
birth and delayed vaccination that was related to changes in vaccination programme
performance over time.[24] Of the reasons given by caregivers in our study for their children
having missed or delayed any of the vaccinations, vaccine stock-outs was the most common
(58.1%). In addition, a study in Malawi that assessed the predictors of uptake, timeliness and
availability of new vaccines (rotavirus and PCV) found an association between vaccine
stock-outs and delayed vaccination.[2]

Similar to previous studies,[26-28] children in our study from households that had two or
more young children were more likely to miss vaccinations. A possible reason for missing
vaccinations in households with many children may be that the primary caregiver does not
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have the time or resources to take children to the clinic unless they are sick, and not just for
routine vaccination visits. Children from households that had a lower income were more
likely to be unvaccinated. These findings are consistent with previous studies in low- and
middle-income countries.[27:29:30] |n Ethiopia, a study that assessed immunisation coverage
and its determinants found that children in households with a family monthly income >1 000
ETB (or 52 USD) were more likely to be fully vaccinated.[31] Even though healthcare is free
in SA for children aged <5 years, poor families may still have challenges with the transport
costs involved in seeking regular healthcare.

Similar to previous studies in sub-Saharan Africa, we found that children whose primary
caregiver had completed secondary education were less likely to have delayed vaccination
than children whose mothers had only primary education.[24:32:33] Caregivers who are
educated are more likely to know the number of vaccine doses a child should receive and the
age at which these doses should be received.[34] They may also know the importance of
timely vaccination. Contrary to a previous study in KwaZulu-Natal Province that assessed
the impact of maternal HIV on childhood vaccination status and found that children of HIV-
infected mothers had delayed vaccination,[17] we found that unknown maternal HIV status
was associated with delayed vaccination. In addition, maternal HIV prevalence estimated in
this study was lower than the reported antenatal prevalence rates for the relevant provinces.
In our study, maternal HIV prevalence was 18.5% in Pietermaritzburg (KwaZulu-Natal) and
18.1% in Soweto (Gauteng), compared with 37.4% in KwaZulu-Natal and 29.9% in
Gauteng.[33] [t is possible that known maternal HIV status could be associated with more
frequent healthcare-seeking behaviour, which may affect the vaccination status of children.
This was shown in a study from Zimbabwe that explored predictors of utilisation of maternal
health services and women’s health-seeking behaviour; it found that known positive or
negative HIV status encouraged the use of maternal health services.[3¢]

Study limitations and strengths

Our study has several limitations. Firstly, household characteristics such as income and
education of the primary caregiver were self-reported, which could have introduced
misclassification bias. Secondly, of 654 participants with known maternal HIV status, only
91 (13.9%) had documented HIV status on the RTHC or available from clinic records; it is
therefore possible that we may have underestimated maternal HIV prevalence. Participants
may have felt uncomfortable when asked to share sensitive information such as HIV status
with community health workers as opposed to nurses, and may have therefore been more
likely to withhold RTHCs with a documented HIV-positive status or missing vaccinations in
Pietermaritzburg. Thirdly, households that agreed to participate in the HUSs could be
different from those that refused participation, increasing the potential for selection bias;
vaccination coverage in the community may have been overestimated if we assume that
children from the households that refused as well as those that did not have RTHCs were
unvaccinated. Fourthly, we may have slightly overestimated population coverage, as we
excluded children without vaccination records. Lastly, our study used data from one urban
site and one peri-urban site, and these results may therefore not be generalisable to all of SA,
especially more rural populations.

S Afr Med J. Author manuscript; available in PMC 2021 January 13.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mthiyane et al.

Page 9

Despite its limitations, the study also has several strengths. There are no studies to date in
SA that have used HUS data to estimate vaccine coverage. Vaccination coverage estimates
only included children with documented vaccination histories, so were not affected by recall
bias. The household survey design, in which households were randomly selected, allowed us
to collect information on the characteristics of a representative sample of households and
individuals. Our sample included children of different age groups from two sites, so we were
able to compare coverage estimates between these groups and sites. This study adds
important data on vaccination coverage using a survey approach and on factors associated
with missed and delayed vaccination.

Conclusions

Although DTP3 coverage was high overall in most age groups in our two communities,
some of the vaccinations were delayed. This suggests that both coverage and timely
vaccination should be considered as an indicator for immunisation programme performance.
[1 Children from households with low incomes, more than one child aged <5 years and
primary caregivers with primary education should be targeted with improved vaccination
services to increase uptake and timeliness. The health system needs to address issues of
delivery to prevent unnecessary delays that occur due to vaccine stock-outs.
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No primary caregiver available
after 3 attempts n=342

Not inhabited n=144

Refused participation n=134
No primary caregiver available
after 3 attempts n=168
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Children without RTHC or
clinic vaccine record
n=117(21.1%)

Households surveyed
n=1 936 (86.5%), with
n=9 750 members

Children aged
12 - 59 months
n=554

Children with RTHC or
clinic vaccine record
n=437 (78.9%)

Households surveyed
n=973 (63.9%), with
n=4 364 members

Children aged
12 - 59 months
n=293

Children with RTHC or
clinic vaccine record
n=279 (95.2%)

Children aged 12 - 59 months
included in the analysis

Children without RTHC or

clinic vaccine record
n=14 (5.0%)

Fig. 1.

Flow diagram of households and children from Pietermaritzburg and Soweto included in the
healthcare utilisation surveys, South Africa, 2012 — 2013. (RTHC = Road to Health card.)
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