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Immunisation is one of the most cost-effective public health 
interventions for preventing and controlling vaccine-preventable 
diseases (VPDs).[1] However, vaccines provide long-term protection 
only when all required doses are received, and evidence is 
mounting  that this is not the case with vaccinations delivered 
through the South African Expanded Programme on Immunisation 
(EPI-SA).[2] This was highlighted by the most recent (2016) South 
African (SA) Demographic and Health Survey, with only 53% of 
children between 12 and 23 months and 42% of children between 
24 and 35 months being fully immunised.[3] The data added to a 
growing list of concerns regarding the effectiveness of the EPI-SA 
programme, including that: full immunisation coverage (FIC) of 
children under 1 year old was unlikely to have reached the 90% target 
for 2020 set by the World Health Organization (WHO); SA regularly 
experiences VPD outbreaks; estimates of national immunisation 
coverage reported by WHO and the United Nations Children’s Fund 
have been substantially lower than the figures reflected by the SA 
district health information system (DHIS) for more than a decade; 
and that household surveys have reported suboptimal FIC in some 
SA districts.[2,4-7]

Historically, one of the districts with suboptimal FIC was the 
former Metsweding district, which now forms the greater part 
of Tshwane Region 5 after being incorporated into this Tshwane 
district, Gauteng, in 2011 (http://www.tshwane.gov.za/sites/regions/
Pages/Region-5.aspx). FIC in Metsweding reached 54% in 2004/05 

and 66% in 2005/06.[8,9] Following changes to the under-1-year-old 
population estimates in 2005/06,[10] Metsweding, remarkably, failed 
to reach the 80% FIC district target in 2009/10 only in the period 
between 2006/07 and 2010/11.[11] However, there are no household 
survey data validating the FIC figures in Metsweding prior to 2011, 
nor in Tshwane Region 5 after Metsweding’s incorporation into the 
Tshwane district.

This study subsequently investigated immunisation coverage and 
reasons for missed vaccinations in children aged 12 - 23 months 
from Tshwane Region 5 in 2017.

Methods
This descriptive household survey was adapted from the WHO 
protocol for vaccination coverage cluster surveys,[12] as previously 
described.[2] The study population was caregivers of children 
aged 12 - 23 months who had spent the night prior to the survey 
in Tshwane Region 5 and were in possession of the child’s Road 
to Health card (RtHC). Not having a RtHC card was an exclusion 
criterion in order to limit recall bias.

According to the WHO protocol,[12] 26 participants were to be 
sampled per cluster. This assumed FIC at 50%, a desired precision 
of  ~5%, a confidence level of 95% and a design effect of 2. The 
target sample was therefore 780 participants across 30 clusters. 
A  map showing all households in Tshwane Region 5, as obtained 
from the City of Tshwane municipal records, was divided into 
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30 clusters (~400 - 520 houses/cluster) 
based on the  number of households per 
residential area.[13] Adjacent areas with 
fewer households were combined to form 
one cluster. The 30 identified clusters were 
made up of either existing extensions or 
blocks bordered by roads (Supplementary 
Table  1; http://www.sajch.org.za/public/
files/1798.pdf).

Sampling was conducted as previously 
described,[2] using Research Randomizer 
(https://www.randomizer.org) to select 
starting points in clusters with numbered 
houses. For clusters containing informal 
settlements, sampling started from the first 
household encountered from the entrance to 
the settlement. Systematic sampling ensued 
until the sample size was reached or all houses 
had been visited. Unoccupied houses were 
revisited on the following day or weekends, 
or as advised by neighbours.[2] A  detailed 
daily record was kept of the  houses visited, 
follow-up visits and the outcome of each 
visit.[12] The sampling strategy is illustrated 
in Fig. 1.

Two data collection teams, each consisting 
of a master’s-level student assisted by two 
field workers, were trained according to 
the WHO protocol.[12] The data collectors 
were all fluent in English and Setswana and 
explained the aim and objectives of the study 
to the participants prior to data collection. 
Data collection, using two researcher-
administered questionnaires adapted from 
the WHO protocol,[12] commenced after 
verbal consent to participation was given. 
Participants were free to withdraw from the 
study at any time.

Demographic data, immunisation 
status and immunisation dates (obtained 
from the RtHC) were recorded using 
the first questionnaire. A photograph of 
the participant’s RtHC was taken using a 
cellphone camera and immediately emailed 
to one of the study supervisors to allow for 
real-time supervision. As the time, date and 
geographic co-ordinates were captured in the 
properties of the photograph, the supervisor 
was able to track the data collection team as 
they moved from house to house.

Reasons for missed vaccinations were 
noted using the second questionnaire, 
administered to caregivers of children 
with missed vaccinations. Following a 
participant’s informed consent for audio 
recording, the interview was recorded and 
captured in writing to ensure validity. The 
two teams met at the end of each day to 
consolidate their daily records, which were 
then entered into a spreadsheet by one 
of the  team leaders and shared with the 

supervisor. The supervisor facilitated a daily 
debriefing session, followed by planning for 
the next day’s field work.

Data were collected over 30 days (July 
2017), as per the WHO protocol,[12] and 
captured in an Excel spreadsheet (Microsoft 
Corp., USA) independently by the respective 
team leaders. Data validity was ensured by 
comparing the spreadsheet data with the 
photographs of the RtHCs  and interview 
recordings. Summary fields with relevant 
formulae were added. For example, for 
calculating the FIC figure, the following 
immunisations had to be recorded: one 
dose of bacille Calmette–Guérin (BCG) 
vaccine; two doses of oral poliovirus vaccine 
(OPV); three doses of the pentavalent 
vaccine against diphtheria, tetanus, acellular 
pertussis, inactivated poliovirus and 
Haemophilus influenzae type b (DTaP‑IPV-
Hib; also known as Penta vaccine); three 

doses of the hepatitis B vaccine (HepB); two 
doses of rotavirus vaccine (RV); three doses 
of pneumococcal conjugate vaccine (PCV); 
and one dose of the measles vaccine (MV).[2] 
Once the data points had been validated, 
summary fields had been added and the 
data sets had been cleaned and coded, they 
were imported to Epi Info 7 (Centers for 
Disease Control and Prevention, USA) for 
preliminary descriptive statistical analysis. 
Further data cleaning was conducted after 
identifying inconsistencies (e.g. subsequent 
dose recorded without the previous dose 
being recorded) and discrepancies (e.g. 
frequency of a variable differing between 
data sets) revealed by the preliminary 
analysis of the two data sets. Descriptive 
statistical analysis was then performed using 
Epi Info 7 (CDC; USA), which included 
calculating the proportion of children who 
had received each vaccine and also the 
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Fig. 1. Sampling strategy for selection of houses and participants in Tshwane Region 5. (RtHC = Road to 
Health card)
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cumulative combinations of vaccines from birth to 9 months of 
age as an indication of FIC. The drop-out rate associated with 
each vaccine (i.e. the proportion of children who received the 
previous vaccination combination but not the next in the series) was 
calculated using the number of children who received the previous 
vaccine series in the schedule as the denominator, and the number 
of children who received the subsequent vaccine as the numerator.

Ethical considerations
The protocol was approved by the Sefako Makgatho University 
Research Ethics Committee (ref. no. SMUREC/P/69/2017:PG) and 
permission to conduct the study was granted by the Tshwane 
Research Committee (ref. no. GP_2017RP13_814).

Results
The number of houses listed in the municipal records (13  793) 
included vacant or undeveloped numbered stands (1  403 ‘houses’) 
and inaccessible gated communities (including security complexes) 
(1 318 houses), discovered only during data collection. Hence only 
24  clusters, comprising 11  072 houses, were surveyed. Of these, 
72.8% (n=8  060/11  072) were visited; this included 245 houses 
where entry was refused. Of the houses visited, someone was found 
at home in 87.2% of cases (n=7  032/8  060). A child aged 12 - 23 
months was found to have spent the previous night in these homes 
in 5.6% of cases (n=394/7 032). RtHCs were available for 83.0% of 
these children (n=327/394). Of caregivers of eligible children, 84.4% 
(n=276/327) consented to participate (see supplementary Table  1: 
http://www.sajch.org.za/public/files/1798.pdf). Caregivers were aged 
between 17 and 68 years (mean 30.2; median 29). Children’s ages 
ranged from 12.03 to 23.97 months (mean  17.73; median 17.75). 
Table 1 summarises other sociodemographic characteristics.

FIC was calculated as 78.6% (n=217/276), with 59 children being 
partially immunised (missed at least one scheduled EPI-SA vaccine). 
These 59 children had missed 123 vaccinations, of which 6 children 
accounted for 39.0% (n=48/123). Table 2 shows individual vaccine 
coverage. Records showed that 24 children received PCV3 without 
having received all vaccines scheduled at earlier ages, with nine 
having missed vaccinations when a subsequent dose of a vaccine 
series was recorded without the previous dose being administered 
(e.g. HepB3 administered at 18.6 weeks without HepB2 being 
recorded). These missed vaccinations were never caught up at 
subsequent visits (Table 3). The overall drop-out rate (i.e. proportion 
of children who received OPV0 but not all the other scheduled 
vaccines) was 21.1% (n=58/275) (see supplementary Table 2: http://
www.sajch.org.za/public/files/1798.pdf). More than three-quarters 
of the missed vaccinations (76.4%; n=94/123) were those scheduled 
for administration between the age of 14 weeks and 9 months.

Missed vaccinations were mostly ascribed to health facility 
obstacles (34.1%; n=42/123), followed by lack of information 
(26.8%; n=33/123), personal obstacles (23.6%; 29/123) and lack 
of motivation (15.4%; n=19/123). In 15 cases, children whose 
caregivers were unaware of missed vaccinations had received Penta2 
without missed vaccinations having been caught up; in 14 cases, 
children had received PCV3 without missed vaccinations having 
been caught up (Supplementary Table  3; http://www.sajch.org.za/
public/files/1798.pdf).

Discussion
This study is the first household immunisation coverage survey 
to be conducted in Tshwane Region 5 since the incorporation of 
Metsweding into the Tshwane district in 2011. The FIC figure of 78.6% 

is very similar to that reflected by the DHIS (80.7%) for this region in 
2017 (National Department of Health, personal communication), and 
just below the WHO target of 80%.[1] Failure to achieve immunisation 
coverage at the herd immunity threshold for highly infectious diseases 

Table 2. Coverage for individual vaccines (N=276)
Age Vaccine n (%)
At birth OPV0 275 (99.6)

BCG 274 (99.3)
6 weeks RV1 274 (99.3)

Penta1 274 (99.3)
PCV1 273 (98.9)
HepB1 272 (98.6)
OPV1 268 (97.1)

10 weeks Penta2 273 (98.9)
HepB2 272 (98.6)

14 weeks PCV2 269 (97.5)
RV2 268 (97.1)
HepB3 265 (96.0)
Penta3 263 (95.7)

6 months MV1 256 (92.8)
9 months PCV3 241 (87.3)

OPV = oral poliovirus vaccine; BCG = bacille Calmette–Guérin vaccine;  
RV = rotavirus vaccine; Penta = pentavalent vaccine (diphtheria, tetanus, acellular 
pertussis, inactivated poliovirus, Haemophilus influenzae type b);  
PCV = pneumococcal conjugate vaccine; HepB = hepatitis B vaccine;  
MV = measles vaccine.

Table 1. Sociodemographic characteristics of children and 
caregivers (N=276)
Characteristic n (%)
Child
Sex

Male 120 (43.5)
Female 156 (56.5)

Race
Black 265 (96.0)
Coloured 7 (2.5)
White 4 (1.4)

Caregiver
Marital status

Single 139 (50.4)
Cohabiting 69 (25.0)
Married 67 (24.3)
Divorced 1 (0.4)

Education
No education 5 (1.8)
Primary not completed 2 (0.7)
Primary completed 107 (38.8)
Secondary completed 119 (43.1)
Tertiary completed 41 (14.9)

Relationship with child
Parent 262 (94.9)
Grandparent 12 (4.3)
Sibling 1 (0.4)
Not specified 1 (0.4)

http://www.sajch.org.za/public/files/1798.pdf
http://www.sajch.org.za/public/files/1798.pdf
http://www.sajch.org.za/public/files/1798.pdf
http://www.sajch.org.za/public/files/1798.pdf
http://www.sajch.org.za/public/files/1798.pdf
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such as measles is a major cause of outbreaks of VPDs.[5,6] Investigating 
individual vaccine coverage, and reasons for missed vaccinations, is 
important for identifying and addressing gaps at subdistrict level.
Individual vaccine coverage ranged from 99.6% (OPV0) to 87.3% (PCV3), 
therefore FIC of 87.3% was expected. However, PCV3 coverage was 
higher than the overall FIC because of missed vaccination opportunities 
affecting 24 children. Of particular concern is that nine children had 
subsequent doses in a specific vaccination series recorded on their RtHC 
without having received a prior dose. Most of these missed vaccination 
opportunities could have been avoided if RtHC had been thoroughly 
checked, as previously suggested by other SA studies.[4,5,7]

The finding that vaccination drop-out rates increase with age, with 
76.4% of missed vaccinations being those scheduled for the period 
between 14 weeks and 9 months, agrees with results from earlier SA 
studies.[4,5,7] The authors of a study on immunisation coverage among 
under-fives in Ga-Rankuwa (Tshwane Region 1) suggested that 
caregivers might perceive taking healthy older children to the clinic as 
unnecessary.[6] However, in this study, caregivers of partially vaccinated 
children were too busy (21.2%), unaware of PCV3 being needed at 9 
months (16.7%) or found the clinic hours inconvenient (12.1%) 
(Supplementary Table  3; http://www.sajch.org.za/public/files/1798.
pdf). These three reasons were unique to these later-stage vaccines, 
and constituted the majority of reasons for later vaccines being missed. 
Caregivers being too busy and inconvenient clinic hours are closely 
related, as although mothers are legally entitled to 4 months’ unpaid 
maternity leave in SA, they are also legally allowed to return to work 6 
weeks after giving birth.[14] Mothers who take only 6 weeks’ postnatal 
leave may have difficulty taking leave during working hours, the only 
time that SA public sector clinics are open. Thus, although being 
too busy is included under personal obstacles (see Supplementary 
Table  3: http://www.sajch.org.za/public/files/1798.pdf), a strong case 
can also be made for including this reason as a health facility obstacle, 
resulting in over half of missed vaccinations being caused by health 
facility obstacles. The turnout of 1 081 children at a community-based 
vaccination catch-up campaign over six weekends in 2017 shows that 
many more caregivers will have their children vaccinated if clinics are 
open over weekends.[15]

EPI-SA managers previously reported vaccine stock-outs as 
one of the key challenges of running an effective immunisation 
programme,[16] a finding supported by several other surveys.[5,7,17] 
This was also found to apply in the current study, with stock-
outs of the BCG, HepB, Penta, PVC and MV affecting 16.7% of 
partially vaccinated children. One caregiver reported becoming so 
demotivated after repeatedly being told that the required vaccines 

were unavailable, that she stopped taking her child for vaccination. 
The only vaccine shortage that may not have been caused by poor 
stock control at district or facility level was for the BCG vaccine, as 
there had been a global shortage in 2014/15.[18] This may have affected 
one child who missed a BCG vaccination because of unavailability. 
However, this child was born in November 2015 and catch-up 
therefore should have been possible at a subsequent visit, as the BCG 
vaccine can be given up to the age of 12 months in the SA public 
sector.[19] No global or national shortages of any of the other vaccines 
were reported. The cases of missed HepB and Penta vaccinations at 10 
weeks (two children) and 14 weeks (four children) therefore cannot be 
attributed to the global 2017 shortage of the hexavalent vaccine (DTaP-
IPV-Hib-HepB),[20] as all six children (born between November 2015 
and January 2016) were eligible for this vaccine in 2016. Although 
the hexavalent vaccine was introduced into the EPI-SA programme 
in August 2015, Penta and HepB vaccinations were captured as two 
separate events in this study because this is how they were captured on 
the RtHCs and many clinics still had Penta and HepB stock available 
several months after the hexavalent vaccine was introduced (National 
Department of Health, personal communication).

Lack of information, accounting for 26.8% of missed vaccinations, 
points to the importance of effective communication between 
vaccinators and caregivers. This includes both verbal communication 
(with the vaccinator discussing the next scheduled visit with 
the caregiver at the end of each vaccination visit) and written 
communication (with the vaccinator writing the date for the next 
scheduled visit on the RtHC).[20,21] It can therefore be argued that the 
lack of information also qualifies as a healthcare facility obstacle, as it 
is the duty of vaccinators to ensure that caregivers are fully informed 
of vaccination visits. Effective communication could have prevented 
11 cases of missed PCV3 doses owing to caregivers’ being unaware of 
the need for a follow-up vaccination at 9 months. This affected 16.7% 
of partially vaccinated children. Although effective communication 
should also have alerted caregivers to their child not having received 
certain vaccines (affecting 22.7% of partially vaccinated children), it is 
clear that the vaccinators were not aware of these missed vaccinations 
either, as none of the missed vaccinations was caught up at subsequent 
visits. If these vaccines were available in the clinic at the time of 
subsequent visits, this again implies healthcare facility obstacles, owing 
to vaccinator negligence.

Study limitations
The vast majority of participants were willing to vaccinate their 
children, with only one caregiver having no faith in vaccination 

Table 3. Subsequent dose recorded in the absence of a prior dose (N=9)
Vaccine dose Age when received Next vaccination opportunity missed*
RV2 without RV1 30.3 weeks The child would have been too old
Penta3 without Penta2 18.6 weeks Received PCV3 at 14.8 months
HepB2 without HepB1 14.3 weeks Received 2nd dose (recorded as HepB3) at 18.3 weeks; received PCV3 at 8.4 months
HepB2 without HepB1 23.7 weeks Received 2nd dose (recorded as HepB3) at 19.7 weeks; received PCV3 at 9 months
HepB3 without HepB2 18.6 weeks Received PCV3 at 14.8 months
HepB3 without HepB2 15.1 weeks Received PCV3 at 9 months
PCV2 without PCV1 15.0 weeks Received 2nd dose (recorded as PCV3) at 9 months
PCV2 without PCV1 13.0 weeks Received 2nd dose (recorded as PCV3) at 9.5 months
PCV3 without PCV2 9.7 months No vaccinations received after this age

PCV = pneumococcal conjugate vaccine; RV = rotavirus vaccine; Penta = pentavalent vaccine (diphtheria, tetanus, acellular pertussis, inactivated poliovirus, Haemophilus 
influenzae type b); HepB = hepatitis B vaccine.
*The measles vaccine given at 6 months of age in South Africa cannot be administered together with other vaccines and thus this visit does not count as a missed vaccination 
opportunity for these vaccines.

http://www.sajch.org.za/public/files/1798.pdf
http://www.sajch.org.za/public/files/1798.pdf
http://www.sajch.org.za/public/files/1798.pdf
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and another ceasing vaccination efforts after 10 weeks because she 
had lost faith in the healthcare system. However, this survey has 
important limitations resulting in it not being representative across 
the full socioeconomic spectrum in Tshwane Region 5.

First, field workers could not gain access to households in 
gated communities, where a higher rate of internet access is 
more likely. As the internet is the major source of vaccination 
misinformation,[22] higher rates of vaccine hesitancy and lower FIC 
rates would  be  expected in these communities.[22] This is a major 
limitation of the study, and since the majority of people living 
in these communities are likely to use private-sector vaccination 
services, their children’s coverage would not be included in the DHIS 
coverage figures. This might explain why the FIC rate found in this 
survey is so similar to that reflected by the DHIS for Tshwane Region 
5. For future surveys, the risk of unavoidable bias when conducting 
face-to-face household surveys in populations with pockets of gated 
communities must be considered, and more innovative ways of 
reaching these communities must be found.[2]

Second, no one was found at home or entry was refused at 1 028 
houses. Apart from the 245 houses where entry was refused, follow-
up visits were attempted after hours and on weekends, but without 
success. As this study was conducted during the school holidays, 
it is likely that these residents were on vacation. Those who take 
vacations during school holidays are more likely to have young 
children, hence a substantial number of eligible children may have 
been missed by this survey. Also, people who can afford to take 
vacations are more likely to be employed. As employed residents 
in a similar study in Tshwane Region 1 were found to have more 
knowledge and awareness about vaccination,[23] the FIC rate may 
have been higher among children in these households.

Third, of the 118 eligible caregivers who did not participate in the 
study, 67 were excluded because they did not have a RtHC. A previous 
study from elsewhere in SA reported that children without RtHCs 
were less likely to be fully immunised,[4] and therefore it is possible 
that the FIC rate may have been lower among these children. The 
remaining 51 caregivers in this group refused to participate after 
hearing the purpose of this study, which may suggest that they were 
not interested in vaccination. The FIC rate could consequently have 
been lower among these children.

These limitations resulted in the target sample size of 780 not 
being reached. However, it is important to note that the entire Region 
5 had been divided into 30 clusters, which included six that consisted 
of gated communities and vacant or undeveloped numbered stands 
and so were not surveyed. Thus, of the 13 793 households listed by 
the City of Tshwane municipal records, only 8 188 were theoretically 
accessible. Of these, 98.4% were visited during the survey. Also, if 
a 50% FIC rate is assumed across 30 clusters (50% gives the largest 
possible sample size at every level of precision) and a desired 
precision of ±10% (80% power) at a 95% confidence level and a 
design effect of 2, a sample size of only 210 was needed, which 
translates to only seven eligible participants in each cluster. Thus, 
despite the limitation introduced by the reduced number of surveyed 
households, the study is still powered at >80%, thus satisfying the 
statistical power requirement for a subdistrict survey.[12]

Conclusion
The 78.6% FIC rate reported in this study is slightly below the WHO 
district target of 80%, and can be improved by addressing reasons 
for missed vaccinations, mostly related to modifiable healthcare 
facility obstacles. Possible solutions include: providing accredited 
programmes to empower vaccinators and their supervisors to 
effectively manage vaccination logistics and administration, and 

to communicate effectively with their clients about vaccination; 
extending clinic hours to early evenings and Saturdays and offering 
immunisations daily instead of only on specific days; advocating 
MomConnect service utilisation to remind caregivers about the 
date for the next immunisation visit. MomConnect, a National 
Department of Health initiative, which involves registering pregnant 
women on an SMS database to receive weekly health messages 
during pregnancy and their child’s first year of life. Participants can 
also send messages to ask questions free of charge.[21]

There is also a need for increased vaccine advocacy among 
communities and education on the importance of always having 
the RtHC available. The Department of Health recently launched a 
digital Road to Health (RtH) booklet (https://www.jembi.org/Project/
The-Digital-Road-to-Health-Project), which is a free application 
available for Android-operated smartphones. This is similar to the 
paper version of the RtH booklet that was introduced in November 
2017 to replace the previous RtHC.[24] Although not all caregivers 
can afford smartphones, these digital records are highly likely to 
improve the validity of future household coverage surveys. Also, if 
used together with MomConnect messaging, this application can 
potentially increase FIC as well. 

The Department of Health recently embarked on the first national 
immunisation coverage survey since 1994, with data on more than 
15 000 children aged 2 - 3 years being collected.[2,25] National surveys 
are invaluable tools for monitoring and evaluating vaccination 
programmes, but are costly and therefore conducted infrequently in 
low- and middle-income countries.[2,25] It was recently highlighted 
that once the gaps identified by the national survey have been 
addressed, smaller-scale surveys will be needed in districts where 
corrective interventions have been implemented.[2] The current 
study is an example of how high-validity smaller-scale studies can 
be conducted, without the huge financial implications of a national 
survey.[2] In addition, online surveys are recommended to reach 
caregivers living in gated communities, who may be more affluent 
and educated or have higher rates of vaccine hesitancy.[22]
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