
 

UNIVERSITY OF WITWATERSRAND, JOHANNESBURG 

FACULTY OF HEALTH SCIENCES 

SCHOOL OF PATHOLOGY 

 

 

 

Maternal vaccination in South Africa: timing and completeness  

 

Name: Julia Bourne 

Student Number: 1634880 

Research Report 

MSc(Med)-Vaccinology 

 

Supervisor: Dr Clare Cutland, BSc, MBBCh, DCH, PhD 

Co-supervisor: Shobna Sawry, BSc, BScHons, MSc(Med) 

  



Julia Bourne MSc(Vaccinology) Research Report: Version 2.0 ii 

Declaration  

I, Julia Bourne, declare that this research report is my own, unaided work. It is being submitted 

for the Degree of Master of Science (Medicine) in the field of Vaccinology at the University of 

the Witwatersrand, Johannesburg. It has not been submitted before for any degree or 

examination at any other University.  

Signature:  

Date: 15/03/2023 

Place: 29 Athlone Road, Parkview, Johannesburg, 2193, South Africa.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Julia Bourne MSc(Vaccinology) Research Report: Version 2.0 iii 

Dedication 

 

In loving memory of my mum, Sheila. You inspire me daily. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Julia Bourne MSc(Vaccinology) Research Report: Version 2.0 iv 

Abstract 

 

Maternal immunisation is an invaluable public health measure that protects not only the mother, 

but also the foetus and new-born infant against a host of diseases; and is recommended by both 

the World Health Organisation (WHO) and South African national health authorities. 

Pregnancy induces a heightened state of immune system vulnerability, leaving women more 

susceptible to severe influenza outcomes, whilst neonatal tetanus has a fatality rate of between 

80-100% in the absence of medical intervention. Maternal immunisation against influenza and 

tetanus has been successfully utilised as a public health strategy across the globe to uphold 

maternal and neonatal health. Maintaining coverage is imperative for both diseases as influenza 

strains change seasonally and tetanus cannot be eliminated, highlighting the importance of 

continued maternal immunisation. This study aimed to describe the uptake of both influenza 

and tetanus vaccinations during pregnancy, the completion of the tetanus vaccination schedule 

and the timing of both influenza and tetanus immunisation within South African antenatal care 

facilities. In addition, this study described clinical and demographic factors affecting maternal 

immunisation uptake. Clinical and demographic data were collected in a parent study and were 

retrospectively analysed in this study using the statistical software Stata. Influenza vaccination 

uptake within the sampled population was found to be 16.62% (806/4851). The odds of 

influenza vaccination were significantly higher in women aged 21-30 years, and women with 

six or more ANC visits. Metro East Cape Town site in the Western Cape outperformed Gauteng 

sites, with significantly increased odds of influenza vaccination amongst women frequenting 

that site. Appropriate influenza immunisation: defined as immunisation occurring during the 

period of either 01/04/2017-31/07/2017 or 01/04/2018-30/06/2018, occurred in 74.86% 

(530/708) of the cohort. Women who were alcohol users were significantly more likely to 

receive an influenza vaccine – yet this may be explained by the Metro East site which had the 

higher influenza coverage having the highest prevalence of alcohol use during pregnancy. Of 

7105 women, 7031 (98.96%) received at least one dose of tetanus toxoid vaccine (TTV). Of 

these women, 39.24% (2759) received one dose; 51.06% (3590) received two doses and 9.70% 

(682) received the recommended three doses of TTV in their index pregnancy. Tetanus 

schedule completion was significantly more likely in women ≤20 years, and those who 

presented for their booking antenatal care (ANC) visit in the first trimester. In addition, women 

with more than three visits had an increased likelihood of TTV schedule completion. The odds 

of TTV schedule completion were decreased by negatively parity and gravidity, values over 

one and less than six, and greater than one respectively. Women with hypertension were 

significantly less likely to receive three TTV doses compared to women without hypertension. 
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Tetanus immunisation schedule adherence prevalence was 0.60% (4/670) in women with three 

doses and 90.34% (3209/3552) in women with two. Improvements may be made in South 

African maternal immunisation coverage, with this study supporting the idea of targeted 

educational campaigns and a revision of the maternal immunisation schedule to include the 

tetanus, diphtheria & acellular pertussis vaccine instead of the tetanus toxoid vaccine.  
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Chapter One: Literature Review 

 

1.1. Introduction  

Pregnant women and their infants are disproportionately burdened by vaccine-preventable 

diseases, due to immunomodulation that occurs during pregnancy and the immaturity of the 

infant’s immune system before the age of six months (1,2). Maternal vaccination is an 

invaluable public health measure that protects not only the mother, but also the foetus and new-

born infant against a host of diseases; subsequently playing an integral role in neonatal 

outcomes (3,4). Maternal immunisation strategies targeting influenza and neonatal tetanus have 

shown great success in reducing disease, not only amongst pregnant women but also their 

infants through the transplacental transfer of antibodies (5,6). The optimal timing of maternal 

vaccination is a contested topic, with first trimester vaccination protecting the mother primarily, 

whilst vaccination in the second and third trimester allows for maximal transplacental antibody 

transfer to the foetus (7). Limited literature exists from the African continent pertaining to the 

timing of maternal immunisation and factors affecting the uptake and completion of the 

recommended schedules, highlighting the need for further research.  

 

This literature review summarises the importance and significance of maternal immunization, 

examines existing public health policies in South Africa related to maternal vaccinations and 

the observable successes thereof, optimal timing of vaccine dosages, as well as known factors 

affecting vaccine uptake amongst pregnant women. To achieve this, a literature search on the 

Google Scholar database was performed using the following keywords: maternal immunisation, 

tetanus, influenza, optimal timing, vaccine uptake, coverage, recommendations, and pregnancy. 

Over 503 000 hits were presented, from which relevant material was extracted between 

February 2022 and  November of 2022. 

 

1.2. Importance of Maternal Vaccination  

1.2.1. Immunomodulation in Pregnancy 

During pregnancy, the maternal immune system undergoes a series of changes in order to 

protect the semi-allogeneic foetus from the maternal immune response, as the embryo and 

placenta both express foreign antigens due to paternal genetic contribution (1). Fuhler’s 2020 

review concludes that successful pregnancies involve differing immunological profiles, with 

the first trimester of pregnancy characterised by the immune system exhibiting a pro-

inflammatory Th1 cell profile, whilst the second and third trimesters are characterized by an 

anti-inflammatory tolerance-associated Th2 cell profile (1). These changes appear to be the 
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result of elevated progesterone levels seen in pregnancy and are evident at the foeto-maternal 

interface, however, the degree to which these translate to the peripheral immune system remains 

contested in the literature (1,8). Lissauer et al’s 2015 study on the effects of progesterone on 

maternal T cells revealed a skewing of cytokine profiles amidst the CD8+ and CD4+ T cell 

populations, a reduction in the polyfunctionality of the T cells and decreased T cell proliferation 

(8). These effects were noted to occur in a dose-dependent manner, evidencing that whilst an 

anti-inflammatory, dampened immune profile may be present at the foeto-maternal interface, 

peripheral effects are less pronounced due to lower levels of progesterone in the maternal sera 

(8). Therefore whilst evidence suggests pregnancy is accompanied by a degree of immune-

suppression, Lissauer et al propose that the periphery is less affected by pregnancy’s 

immunomodulation – in order to maintain the integrity of the maternal immune system (1,8). 

Kourtis et al’s 2014 review however argues that the Th2 immunological profile which favours 

the innate immune response and decreases the strength of cell-mediated immunity by 

suppressing cytotoxic T cell action may be responsible for the increased burden of certain 

diseases in pregnancy, calling into question Lissauer’s theory (9). Regardless of the 

physiological mechanisms behind immunomodulation and the degree to which this occurs in 

pregnancy, the literature firmly supports that pregnant women are at a heightened vulnerability 

regarding certain infections such as Hepatitis E, Herpes Simplex, Malaria and several vaccine-

preventable diseases including measles, varicella and influenza (9).  

 

1.2.2. Heightened Severity of Influenza Infection During Pregnancy  

Pregnant women are disproportionately affected by severe influenza complications, which is 

believed to be the result of cardiopulmonary adaptations and reduced adaptive immune 

response, leading to reduced viral clearance and delayed recovery (5). Evidence for a 

heightened burden of influenza complications amongst pregnant women was formally 

documented during the Spanish influenza pandemic in 1918 (10), and is supported by more 

recent data (9). The 2009 influenza A H1N1 pandemic was no exception to this, with pregnant 

women, who made up 1% of the population, contributing 5% of all influenza deaths in the 

United States (11). The report which examined all cases of symptomatic H1N1 infection 

amongst pregnant women reported to the Centres for Disease Control and Prevention (CDC) 

between April 2009 and August 2009 ascertained that pregnant women were more susceptible 

to severe illness and even death as a result of infection than non-pregnant adults (11). In addition 

to these findings, pregnancy complication rate and illness severity was higher in later stages of 

pregnancy, including an elevated rate of pre-term births within the sample compared to the 

national rate (30.2% vs. 13%) (11). However, Siston et al acknowledge the limitations of their  
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report in that it likely under-represents the pregnant American population who contracted the 

H1N1 strain as it considered only cases reported to the CDC (11). Additionally, the data likely 

overestimates the severity of disease complications – particularly as the sample had an elevated 

rate of underlying medical conditions which may have been risk factors in themselves for 

hospitalisation, pre-term delivery and death (11). Despite these limitations, Vousden et al’s 

2021 observational study supported the conclusions of Siston et al, finding elevated severity of 

influenza infection amongst pregnant women infected with seasonal influenza (12). The United 

Kingdom based study found that pregnant women with influenza had an adjusted odds ratio 

(aOR) of 21.3 (2.78–163.1) of being admitted into an intensive care unit, 3.86 (0.39-37.9) of 

pregnancy loss, 1.60 (0.94-2.73) for pre-term delivery, and 3.89 (0.64-23.4) for 

stillbirth/perinatal death compared to pregnant women without influenza infection (12). Exact 

statistics quantifying these risk estimates vary between studies, possibly due to virulence 

variation between seasons, health system dynamics and health-seeking behaviours; however, it 

is evident that overall pregnancy appears to heighten the risk of severe illness and complications 

during influenza infection (13).  

 

1.2.3. Influenza in Pregnancy: South Africa 

Limited literature is available detailing the implications of influenza infection during pregnancy 

within sub-Saharan Africa (14). However, high risk groups for influenza-associated 

hospitalisation in South Africa have been identified and include pregnant women, and infants 

younger than six months of age (15). Pregnant women in South Africa have been found to be 

disproportionately affected by influenza compared to non-pregnant individuals, with a 

heightened influenza-associated mortality rate of 12.6 compared to 7.3 (crude death rate per 

100 000 person-years) (14). Between the years 1999 to 2009, pregnant women in South Africa 

were found to have three times the risk of death compared to non-pregnant women as a result 

of seasonal and H1N1 influenza infection (14). An analysis of the burden of the 2009 H1N1 

influenza pandemic in the country found pregnant women constituted 56% of influenza case 

fatalities amongst women of reproductive age – supporting that pregnancy is a possible risk 

factor for death as a result of H1N1 infection (16). In addition to the above, pregnancy has been 

associated with an increased risk of hospitalisation as a result of severe acute respiratory illness 

associated to influenza infection in South Africa (15). Overall, maternal influenza-related 

complications in unvaccinated individuals include increased risk of hospitalization, morbidity, 

and mortality; and though evidence for such is limited in sub-Saharan Africa – that which is 

available is in line with other global findings. Influenza infection is not only a threat to maternal 
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health, but additionally compromises foetal and neonatal health, increasing the risk of stillbirth, 

preterm delivery, low birth weight and foetal distress (5). 

 

1.2.4. Influenza Infection in Neonates and Infants 

Influenza complications have been documented in infants younger than six months of age, who 

have been identified to be at a heightened susceptibility for severe influenza-associated disease 

and hospitalization (5). Amongst the high risk groups for hospitalisation as a result of severe 

acute respiratory illness associated with influenza infection in South Africa are infants below 

the age of six months, with an aOR of 37.6 compared to individuals between the ages of five to 

twenty four years of age (15). Furthermore, infants below the age of one year display a 

significantly elevated influenza and respiratory syncytial virus (RSV) associated mortality rate 

compared to those between the ages of one and four years (15). In line with these observations, 

an estimated 44% of hospitalisations and 59% of deaths associated with influenza occur during 

infancy according to Wang et al’s global model, with 23% of these hospitalisations and 36% 

of the in-hospital deaths occurring in infants younger than six months of age (17). These figures 

are likely an underestimate of the burden of influenza infection during infancy, as the model 

did not account for primary infections or secondary bacterial infection exposure that may be 

caused by influenza, without the detectable presence thereof in pathological samples (17). 

These vulnerabilities to respiratory viruses are a result of the neonatal immune system which 

favours an anti-inflammatory profile in order to permit the establishment of the microbiome 

(2). In addition to vulnerabilities to viral infections, neonates are also vulnerable to a host of 

bacterial infections, including vaccine-preventable tetanus infection as a result of 

environmental exposure (18).   

 

1.2.5. Neonatal Tetanus 

Tetanus is a vaccine-preventable disease that adversely affects foetal and neonatal outcomes – 

therefore maternal tetanus vaccination is imperative in maintaining tetanus elimination (19). 

Tetanus is caused by Clostridium tetani, a bacteria that produces an exotoxin which affects the 

central nervous system; causing muscle rigidity and spasms (19,20). The risk of neonatal 

tetanus exposure in Africa is increased by poor sanitation and traditional birth practices 

pertaining to the umbilical cord, such as use of unsterile cutting equipment and the application 

of herbs, cow or rat faeces to the umbilical stump (18). The disease is fatal in 80-100% of 

neonates in the absence of medical intervention, and due to its environmental origin eradication 

is impossible; highlighting the importance of maternal vaccination to achieve elimination 

(20,21). South Africa reports less than one case of neonatal tetanus  per 1000 live births per 
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district – therefore achieving elimination goals (22), however, vaccination remains essential in 

maintaining cases below this threshold, due to the impossibility of eradication. 

The neonatal immune system exhibits alterations in not only the innate system which reduces 

capacity for viral clearance, but also in the adaptive immune system – compromising antigen-

specific immunological action and immunological memory (2). Therefore, neonates are at 

heightened vulnerability to disease that cannot be prevented by currently available vaccines 

dependent on evoking an immunological memory response – thus extending the importance of 

maternal vaccination beyond the mother’s health to that of the neonate through the 

transplacental antibody transfer pathway (2,5). 

 

1.3. Maternal Antibody Transfer  

The vertical transmission of maternal antibodies provides a mechanism of protecting neonates 

from potentially fatal diseases in the first few months of life (5). This movement of antibodies 

which involves only the IgG class is facilitated via the neonatal Fc receptor (FcRn) (4,23). FcRn 

abundance has been accredited as a limiting factor in transplacental transfer, however a recent 

study by Clements et al disputes this, finding no correlation between placental FcRn levels and 

IgG titres in neonates (4,24). IgG transfer has consistently been documented to be dependent 

on maternal IgG levels, with maternal sera antibody levels correlating to those of the neonatal 

cord (4). Interestingly, Palmeira et al’s review notes that an inverse relationship has been 

observed in the literature between maternal IgG levels and antibody transfer ratios – whereby 

elevated maternal levels result in reduced transfer efficacy, commonly reported in African 

studies. These observations, though dated, are supported by Clements et al’s 2020 findings, 

whereby a negative correlation was observed between total maternal IgG levels and transfer 

ratios, specifically those of IgG1, IgG2 and IgG3; whilst IgG4 was the least affected by 

maternal IgG levels (24). The significance thereof lies in the potential to investigate optimal 

levels of maternal IgG classes for antibody transfer to the neonate to maximise conferred 

immunity, and the effects of this inverse relationship on pathogen-specific antibody transfer 

(24). Though the exact relationship between maternal IgG levels and transplacental transfer 

ratios is yet to be fully elucidated, a clear relationship exists between gestational age and the 

degree of antibody transfer to the foetus (4).  

 

The transplacental transfer is initiated early in the second trimester at around 13 weeks, steadily 

increasing throughout the pregnancy with the maximal rate of transfer occurring in the third 

trimester – particularly in the final month of pregnancy wherein foetal antibody levels usually 

surpass those of the mother (4). Consequentially, infants born prematurely do not get exposed 
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to the full transfer window, therefore have lower antibody titres, and thus weaker immune 

systems compared to infants carried to term (4). Overall, due to this natural maternal ability to 

confer protection against diseases to the foetus, maternal immunisation has been adopted as a 

strategy to capitalise on this natural immunity and tailors this antibody transfer to be pathogen-

specific through vaccination – successfully protecting not only mothers but also the vulnerable 

neonates until such a time that they are eligible for vaccination themselves (3,4).  

 

1.4. Vaccination During Pregnancy  

 

1.4.1. Vaccine Recommendations 

Maternal vaccination protecting against tetanus and influenza is recommended by both the 

World Health Organisation (WHO) and South African national health authorities, with South 

African maternal immunisation schedules aligning with WHO recommendations (25,26). Due 

to the disproportionate adverse outcomes associated with influenza infection during pregnancy, 

the WHO has recommended that pregnant women are vaccinated with inactivated influenza 

vaccines (25), a decision supported by the South African National Institute for Communicable 

Diseases (26,27). Influenza vaccines are generally available annually from March in South 

Africa, with seasonal influenza circulation occurring any time between April to September 

(27,28). Vaccination of pregnant women against influenza may safely occur at any stage of 

pregnancy, even two weeks following birth (27,28). Tetanus vaccination is also recommended 

in pregnancy, with up to three doses recommended during pregnancy, and an additional two 

post-delivery, as described below (29).  

 

Tetanus vaccination in pregnancy follows a less straight-forward set of guidelines than 

influenza immunisation, complicating completion of the suggested schedule of doses. In 

previously unvaccinated pregnant women, a first dose is recommended upon first antenatal 

clinic attendance, a second at least four weeks following the first yet at least two weeks prior 

to birth, and then a third dose six months after the second dose, and during the pregnancy. These 

doses should be followed by an additional fourth and fifth, either a year later or in later 

pregnancies (29). A minimum of two doses should be administered in women with previously 

unknown immunisation status (29). As more than half of pregnant women in South Africa only 

present for antenatal care during their second trimester of pregnancy (30),  the likelihood of a 

woman receiving three tetanus toxoid vaccines during her pregnancy, and therefore completing 

the schedule, is small.  
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An additional disease immunised against in pregnancy is pertussis, administered in the form of 

the tetanus, diphtheria and acellular pertussis (Tdap) vaccine (31). Tdap vaccination is 

recommended to pregnant women by national health authorities across the globe, however it is 

not routinely administered in South Africa (7). The risk of pertussis in South Africans is highest 

amongst infants under the age of one year, with the majority of in-hospital pertussis deaths 

occurring in infants under the age of six months (32). With an overall case-fatality rate of 4.2%, 

pertussis poses a significant threat to health in South Africa, disproportionately affecting HIV-

positive individuals as well as infants under the age of one year (32). These findings advocate 

for the addition of Tdap vaccination to the South African maternal immunisation schedule, 

which is further backed by the success of maternal Tdap vaccination in reducing the burden of 

pertussis amongst infants in other countries (32). Continued surveillance is necessary in South 

Africa as it is unclear whether the current burden of disease is in line with pertussis’s natural 

cycle or the result of compromised immunity within the population due to the switch from the 

whole cell vaccine to the acellular pertussis vaccine (32). Overall, the success of global and 

local immunisation campaigns reinforce the continued importance of this public health strategy 

(6). 

 

1.4.2. Success of Maternal Immunisation: Influenza, Tetanus and Pertussis 

Maternal immunization’s success in reducing maternal and neonatal disease burden has 

garnered the public health strategy widespread advocation (6). McMorrow et al found that 

amongst high risk South African groups, influenza vaccination campaigns averted the most 

hospitalisations amongst pregnant women relative to other groups, as well as proving cost 

effective, which in conjunction with the adverse outcomes associated with maternal influenza 

infection supports the targeting of pregnant women for influenza immunisation (33). In 

addition, maternal immunisation successfully reduces the risk of influenza infection in neonates 

for up to six months, estimated to avert 45-63% of neonatal and infant laboratory-confirmed 

influenza cases (34). This is supported by South African findings, whereby maternal 

immunisation with the trivalent inactivated influenza vaccine was found to successfully protect 

neonates for six months following birth, reducing the attack rate of confirmed influenza illness 

amongst HIV-uninfected mothers from 3.6% to 1.8%, whilst reducing that of HIV-infected 

mothers from 17.0% to 7.0% (35).     

 

Maternal immunisation programs implemented in the 1980s demonstrated a 96% global 

reduction of neonatal tetanus-related mortality in 2015, and 79% of the African WHO member 

countries achieved elimination by 2016 – including South Africa (18,22). In 2018 it was 
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estimated that 90% of neonates in South Africa were protected at birth through maternal 

vaccination, and no cases of neonatal tetanus were reported during that year, however these 

data may exclude rural cases of tetanus that went unreported (21). From the start of January 

2020 to the end of April 2020, two cases of neonatal tetanus were recorded in South Africa, 

with one resulting in death (22). In addition to the above, though not currently practised in 

South Africa, maternal immunisation against pertussis has proven successful in reducing the 

burden of disease in infants not yet eligible for immunisation themselves (36). 

 

The implementation of maternal immunisation against pertussis in the United Kingdom 

following the 2012 pertussis outbreak has demonstrated notable success in targeted groups (37). 

A notable drop in infant laboratory-confirmed pertussis infections and pertussis-related 

hospitalizations were observed specifically in the age group targeted by maternal immunisation 

campaigns, relative to other population groups (37). Vaccine efficacy was observed to be 91% 

in infants younger than three months whose mothers were vaccinated between 7-28 days before 

birth, with this level falling when vaccination occurred between six days before to up to two 

weeks following birth (37). Following the implementation of the maternal pertussis program, a 

79% reduction in infant deaths was observed, which was supported by later reviews on the 

program’s efficacy whereby the vaccine was estimated to be 95% effective against infant deaths 

(36,37). Maternal immunisation against pertussis is further supported in Sandmann et al’s 

mathematical model study, wherein halting the program in the UK would result in an estimated 

mean hospitalisation of 972 infants annually as opposed to 308 that are currently estimated with 

the intervention in practice (38). The success of the program has been attributed to two factors: 

reduction of disease in mothers which reduces exposure of neonates, and transplacental 

antibody transfer (37).  

 

Evidently, maternal immunisation plays an integral role in improving both maternal and 

neonatal health, highlighting the importance of establishing what factors influence 

immunisation in pregnancy. Physiologically maternal immunisation has been determined to be 

affected by the immunogenicity of the vaccines in pregnancy, transplacental antibody transfer 

and the timing of vaccination during pregnancy (7). 

 

1.5. Optimal Timing of Maternal Vaccination 

1.5.1. Maternal Tetanus Immunisation 

The optimal window for maternal immunisation to maximise antibody titres in the foetus 

extends from the second half of pregnancy, peaking in the final month, and is influenced by not 
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only the afore-mentioned gestational age at birth and maternal IgG titres but also the timing of 

maternal vaccination during pregnancy (4). The timing of maternal immunisation is a complex 

matter requiring consideration of who the protection is primarily aimed at (7). As seen in Table 

1, the majority of the literature shows that maternal immunisation against tetanus and pertussis 

is optimal when performed in the late second to early third trimester. Eberhardt et al’s findings 

suggest however that earlier second trimester immunisation is superior to that in the third 

trimester, evidenced by elevated anti-pertussis and anti-filamentous haemagglutinin geometric 

mean antibody concentrations and seropositivity rates in the earlier immunised infants (39). 

The importance of these findings lies in allowing for a greater window period for immunisation, 

potentially minimising the chance of vaccinations being missed or occurring too close to 

delivery to allow for sufficient transplacental transfer (39). In addition to this, Eberhardt et al 

speculated on the potential benefit this early immunisation would have in the context of preterm 

infants, which was confirmed in later research (39,40). The Tdap window in the United 

Kingdom was changed from 28-32 weeks to 20-32 weeks in 2016, and following this policy 

change a significant reduction whereby premature neonate pertussis hospitalisations were 

halved was observed (40). There is a lack of literature surrounding not only the timing but also 

the completion of maternal tetanus immunisation in South Africa, highlighting a gap in the 

knowledge around maternal tetanus vaccination within the country and factors that may affect 

it.  

 

1.5.2. Maternal Influenza Immunisation  

Similarly, limited literature exists around the optimal timing for maternal influenza 

immunisation, which is thought to be the result of varied recommendations from governing 

health bodies (41). Overly-complicated and cautious language used in package inserts has the 

potential to cause reluctance of healthcare professionals to administer influenza vaccines to 

pregnant women (42). Prior to 2018, influenza vaccine package inserts included statements 

indicating that lack of foetal harm and adverse impact on reproductive capacity caused by the 

product had not been excluded, and that immunisation must only take place when absolutely 

necessary following a risk-benefit assessment, leading to hesitancy to utilise the product during 

pregnancy despite immunisation committee recommendations (42,43). This is further 

complicated by the seasonal availability of the vaccine as opposed to continuous access, like in 

the case of Tdap vaccines. Influenza therefore represents a complex problem in pregnancy, 

requiring the consideration of how much of the pregnancy will occur during the influenza 

season in order to ascertain who best to aim the protection at (34). Maternal influenza 

complication severity is the worst in the third trimester – calling for early gestational 
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vaccination to maximise protection in the mother, whilst foetal targeting should focus on 

optimal transplacental antibody transfer windows – which is later in pregnancy (7). First 

trimester immunisation primarily protects the mother, with neonatal antibody titres comparable 

to those in infants of unvaccinated mothers. Based on when influenza vaccinations become 

available,  immunisation conferred by the vaccination will protect mothers from  adverse events 

during their pregnancy, who will likely give birth as the influenza season is ending or has 

elapsed; therefore prioritizing optimal transplacental antibody transfer is unlikely to be a 

priority given that the infant will be at minimal risk for influenza infection (34). 

 

Later immunisation prioritises the protection of neonates who will likely be born in the 

influenza season – eliciting high anti-influenza antibodies. Optimal timing for antibody transfer 

to the foetus is contested, however in terms of eliciting anti-influenza antibodies, second and 

third trimester immunisation has been established as superior to that in the first trimester 

(34,44). Interestingly, as seen in Table 1.1, though Zhong et al determined a specific timeframe 

for optimal antibody transfer, Katz et al found no significant difference between second and 

third trimester antibody levels (34,44). This may be explained by the different methods between 

the studies, whereby Zhong et al recruited from all trimesters, whilst Katz et al’s sample had a 

minimum gestational age of 17 weeks – not fully encompassing the second trimester. Overall, 

influenza immunisation during any trimester has been shown to reduce influenza symptoms in 

both neonates and mothers (45), which supports the continued policy of immunising upon 

vaccine availability (34). This will allow for the optimal protection of the most vulnerable 

target, be that the neonate with later immunisation, or the mother with earlier trimester 

immunisation (34).  

 

Overall, further research is required in the field of optimal maternal immunisation timing, in 

order to fully assess the benefits associated with vaccination in different trimesters with 

consideration of who the immunisation will be targeting (46). In addition to this, the 

comparability of available studies is limited due to differing methods, including measures of 

assessment and gestational age inclusions within the samples, as seen in Table 1. Despite this, 

the purpose of the following study is to investigate the timing of maternal immunisation for the 

purpose of assessing whether pregnant women are presenting early enough to complete the 

tetanus dose recommendations. Research in resource-limited developing countries such as 

South Africa should be prioritised in the future, as it is impossible to generalise data from 

developed countries to these populations due to differences in infrastructure, health care 

availability and a host of other factors that may be influencing maternal vaccine uptake. 
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1.6. Factors affecting vaccine uptake in pregnancy in South Africa   

1.6.1. Maternal Vaccine Coverage 

Despite numerous health policies promoting maternal immunisation, and a high acceptability 

thereof, influenza vaccine uptake remains suboptimal in South Africa, with the estimated 

coverage in 2015 standing at 14% (26,33,47). Routine antenatal influenza vaccination coverage 

in South Africa was found to be less than 16% (48,49), with no available data for maternal 

tetanus vaccination uptake. Despite these levels, Bishop et al demonstrated the capacity for 

maternal immunisation successes through enhanced targeting measures, increasing maternal 

influenza vaccination coverage to 78.7% at targeted clinic sites between 2015-2018 (49). There 

is therefore a need for further studies in South Africa to determine actual uptake levels in the 

absence of targeted immunisation measures.  

 

1.6.2. Factors Affecting Maternal Immunisation Uptake 

Suboptimal uptake has been linked to fear of adverse outcomes, lower education status and 

ethnicity in the United Kingdom, whilst the prime cause behind suboptimal vaccine coverage 

in the United States is believed to be vaccine safety concerns amongst mothers (50,51). The 

link to ethnicity has also been observed in the United States, with black pregnant women being 

less likely to be administered an influenza vaccine than white pregnant women (52), however 

these results cannot be generalised to the South African population – requiring a study into 

whether ethnicity influences maternal vaccine uptake within the nation. In addition to several 

of the above-mentioned factors, misinformation also plays a role in maternal vaccine uptake in 

South Africa; affecting not only the mother’s but also their support system’s opinion on the 

safety of vaccination during pregnancy (47).  

 

In rural Kwa-Zulu Natal, care-givers’ and partners’ perceived acceptability of maternal 

immunisation plays a major role in pregnant women’s vaccine uptake, particularly when the 

women are financially dependent on these individuals (53). Vaccine uptake is additionally 

influenced by traditional beliefs which may supersede the perceived value of immunisation 

schedules (53). Chimukuche et al further identified poor service delivery as a modifiable factor 

hindering maternal immunisation efforts, with study participants complaining of long queues 

at antenatal clinics, unfriendly attitudes of health care workers and a lack of education around 

the importance of maternal immunisation (53). In Gauteng vaccine acceptability was found to 

be high amongst South African women, antenatal health care workers and community leaders, 

with men being the most wary of vaccines (47).  



 

Table 1.1: Studies Assessing the Optimal Timing of Maternal Immunisation for Influenza and tetanus, diphtheria and acellular pertussis vaccinations 

 

  

 

Study period Country Vaccine Study Design Sample 

 

Neonatal measures Optimal timing 

(weeks) 

Compares all 

3 trimesters 

Reference 

2013-2016 United Kingdom Influenza Prospective 

cohort 

96 HAI 24-36 Yes (34) 

2011-2013 Rural Nepal Influenza Randomised 

control 

3693 HAI N/A No (44) 

2016-2018 India Influenza Retrospective 

cohort 

346 Influenza symptoms N/A Yes (45) 

2014 Switzerland Tdap Prospective 

observational 

non-inferiority 

335 ELISA 13-25 No (39) 

2013-2014 Israel Tdap Prospective 

observational 

61 ELISA 27-30 No (54) 

2013-2014 North America Tdap Prospective 

observational 

cohort 

626 ELISA 27-30 No (55) 

2014-2018 United Kingdom Tdap Retrospective 

cohort 

346 Hospitalisations 20-32 No (40) 

2013-2014 United States of 

America 

Tdap Retrospective 

cohort 

74504 Pertussis infections 27-36 Yes (56) 

2014 Australia Tdap Randomised 

control 

116 ELISA 28-32 No (57) 

HAI: Haemagglutination Assay, ELISA: Enzyme-linked Immunosorbent Assay, Tdap: Tetanus diphtheria acellular pertussis 



 

 

Age was also found to be influential in vaccine uptake, with younger pregnant women less 

likely to get vaccinated due to visiting antenatal facilities too far into their pregnancies (47).  

 

In addition to personal factors, timing complications relating to the tetanus vaccination strategy 

may impair adequate uptake levels, as completion may be challenging in patients presenting for 

antenatal care for the first time at later stages of pregnancy. Poor attendance of antenatal care 

visits has been identified as a barrier to maternal immunisation in developing countries (58). In 

Malawi, low coverage of antenatal visits amongst other factors such as socioeconomic status 

and parity were found to influence maternal immunisation uptake, however no comparable 

literature is available for South Africa (58). Similar findings were observed in the Ivory Coast, 

with higher parity found to be negatively associated with tetanus vaccine uptake, whilst 

increasing age was positively associated with maternal tetanus immunisation (59). The 2019 

Ivory Coast study further identified a positive association between increased antenatal care 

visits and the uptake of the tetanus toxoid vaccine, with women attending at least four antenatal 

visits having an OR of 2.347 compared to women with less visits (59). A similar association 

was identified whereby having at least four antenatal visits significantly increased the odds of 

sufficient tetanus toxoid dose uptake, with an OR of 2.347 (95% CI: 1.384–3.981) relative to 

women with less than four antenatal visits (59). These observations were only true of rural-

residing women and not of urban-residing women (59), and cannot be extrapolated to South 

Africa due to cultural and infrastructure differences.  

 

In terms of antenatal care coverage, a 2015 study from Eswatini found a high usage rate of 

97.3%; however this study utilised data from 2006 to 2007, therefore is out of date (60). South 

African antenatal care guidelines are in line with those suggested by the WHO, as described in 

Table 1.2, recommending a total of eight visits. Recent data available within South Africa 

regarding antenatal care coverage shows that of the recommended 8 antenatal contact visits, 

pregnant women attended an average of 5.9 in the public sector (61). This study did not however 

examine maternal immunisation uptake and whether or not this correlated to the number of 

antenatal care visits, suggesting the need for further research in the country, and whether this 

high antenatal visit coverage observed in 2016 remains accurate is yet to be determined. 

Another variable of consideration possibly affecting maternal vaccination uptake is human 

immunodeficiency virus (HIV) status (62). 
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Table 1.2 : Antenatal Visit Recommendations According to the World Health Organisation (63) 

 Timing 

Trimester 1 2 3 

Visit number 1 2 3 4 5 6 7 8 

Schedule (weeks) ≤12 20 26 30 34 36 38 40 

 

Maternal HIV status may affect vaccine uptake, however data investigating such are limited. 

Positive HIV status was found to be negatively associated with influenza and tetanus 

vaccination uptake amongst pregnant women in the United States of America (62), however 

the HIV group made up a small proportion of the sample, limiting the statistical power of the 

finding. In addition, the study cannot be generalised to a South African population with 

different health-seeking behaviours and health care practices. Only one South African study 

has examined the effect of HIV status on maternal vaccination uptake, and though it found HIV 

status to have no relation to vaccine uptake, it was conducted in an environment wherein uptake 

was purposefully promoted, therefore it may not reflect standard conditions and may have 

masked any association between the variables (49). The HIV burden in South Africa is high 

and these individuals are at an increased risk of adverse influenza outcomes, with an increased 

risk of influenza-associated mortality (64), however little literature exists examining the effect 

of HIV status on maternal vaccination uptake in South Africa, highlighting a key gap in the 

knowledge.  

 

1.7. Conclusion  

Current literature on the timing of maternal immunisation is limited and contested, with poor 

comparability levels between studies. The literature is even more limited regarding factors that 

may be influencing maternal vaccine uptake in developing countries, particularly on the African 

continent. There is therefore a need for African research into the optimal timing of maternal 

immunisation, uptake coverage, and factors that may be influencing these variables such as 

antenatal care visit attendance and HIV status. This highlights the importance of the study: 

Maternal vaccination in South Africa: timing and completeness, as this will give updated 

information on maternal vaccine coverage and the completion of the recommended schedule, 

as well as the timing of immunisation from 3 urban sites in Gauteng and the Western Cape. 

Outputs from this study, which utilised data collected in a retrospective record review, describe 

the uptake of influenza and tetanus vaccines in antenatal attendees at public healthcare facilities. 

Study results will be useful for identifying limitations and challenges associated with maternal 
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immunisation and enable scientifically supported communication strategies and training to 

encourage uptake and improve acceptance of maternal immunisation in South Africa.  

 

1.8. Study Aims & Objectives  

1.8.1. Aims:  

1. Assess the uptake and adherence to the maternal immunisation government schedule in 

South Africa. 

2. Determine factors affecting maternal immunisation within the South African 

population. 

1.8.2. Objectives: 

• Describe the uptake and timing (gestational age) of influenza vaccines amongst 

pregnant women in 3 regions of South Africa: Soweto, Inner city Johannesburg and 

Metro East Cape Town. 

• Describe the uptake, timing (gestational age) and completeness of tetanus vaccines 

amongst pregnant women in 3 regions of South Africa: Soweto, Inner city Johannesburg 

and Metro East Cape Town. 

• Estimate the effect of demographic and clinical factors on the uptake of influenza and 

tetanus vaccines amongst pregnant women in 3 regions of South Africa: Soweto, Inner 

city Johannesburg and Metro East Cape Town. 
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Chapter Two: Methods 

 

2.1. Ethics Approval  

Permission to conduct the study was obtained from the University of the Witwatersrand’s 

Human Research Ethics Committee, independently of the parent project, reference number: 

M211181 MED21-11-044. Ethics for the parent project was obtained from both the University 

of the Witwatersrand and Stellenbosch University Human Research Ethics Committees, with 

the following respective reference numbers: 180707 and N18/10/122. 

 

2.2. Study Design  

The study design was a retrospective review of medical maternity charts. This was a secondary 

analysis of a dataset that was established by the parent project: Epidemiology of obstetric and 

neonatal outcomes in South Africa.  

 

2.3. Sample 

The study participants comprised of 9371 pregnant women who gave birth at any of the 

following sites between the period of 1st July 2017 and 30th June 2018:  

In the Gauteng province: 

▪ in Soweto: Chris Hani Baragwanath Academic Hospital, Bheki Mhlangeni Hospital, 5 

Midwife Obstetric Units (Lillian Ngoyi, Chiawelo, Zola, Michael Maponya, Mofolo) 

▪ in Inner City Johannesburg: Charlotte Maxeke Johannesburg Academic hospital and 

Shandukani Midwife Obstetric Unit   

In the Western Cape province: 

▪ in Metro East Cape Town: Tygerberg, Khayelitsha, Helderberg, and Karl Bremer 

hospitals and the Midwife Obstetric Unit: Michael Mapongwana Community Health 

Centre. 

The principal investigators for the above sites were Dr Clare Cutland (Soweto), Professor Lee 

Fairlie (Inner City Johannesburg) and Dr Shaun Barnabas (Metro East Cape Town). There were 

no exclusion criteria for the parent project sample; provided the women gave birth within the 

established time frame their records were used in the study.  

 

2.4. Procedure 

For this study, previously collected data from the parent project, ‘Epidemiology of obstetric 

and neonatal outcomes in South Africa’, Wits HREC 180707, U.Stellenbosch HREC 
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N18/10/122, were utilised. The parent study collected maternity chart data for randomly 

selected deliveries at study sites, during the period of 1st July 2017 and 30th June 2018. Data 

pertaining to maternal, foetal and neonatal health and antenatal care visits were abstracted from 

the maternity charts and captured on the Research Electronic Data Capture (Redcap) database 

(65).  

 

This project consisted of a secondary analysis of pre-existing data from the parent database. 

Pertinent variables from the parent project database were selected for this study. These included 

data variables necessary for assessing the timing and uptake of both influenza and tetanus 

vaccination amongst pregnant women, and possible demographic and clinical factors affecting 

maternal immunisation uptake.  

 

2.4.1. Variable Definitions  

Outcome Variables 

The dependent variables of the study included: 

▪ the uptake of the influenza vaccine in pregnancy, a binary variable;  

▪ the completion of the tetanus immunisation schedule in the index pregnancy, a binary 

variable split into either complete (three doses) or incomplete (one to two doses); 

▪ the timing/gestational age of tetanus vaccination (first, second or third trimester) and 

influenza vaccination (trimesters and in season versus out of season), categorical 

variables;  

▪ the number of tetanus doses received (one, two or three doses), a categorical variable.  

Explanatory Variables 

• Maternal age variable was established by taking the maximum age value recorded for 

each participant in their maternity record (latest recorded age at any visit) which was 

then categorised into five groups: ≤20 years, 21-30 years, 31-40 years, women aged ≥ 

41 years, and women of unknown age.  

• The region variable was split according to study site, with the Soweto (Wits-VIDA) and 

Inner-City Johannesburg (WRHI) representing Gauteng, and the Metro East Cape Town 

(FAMCRU) site representing the Western Cape.  

• Tobacco smoking, drug usage and alcohol usage during pregnancy were described 

categorically by defining status according to user, non-user, quitter or unknown.  

• The history of other vaccine uptake was defined as either yes, no or unknown.  
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• Race was categorised into six groups encompassing the four commonly reported groups 

within the country: Black African, Coloured, Indian/Asian and White, as well as other 

and unknown (66). 

• Birth history was described using parity and gravidity which were categorised 

numerically, and included an unknown category. Women with a recorded gravidity of 

zero were recategorized as unknown due to the impossibility of such pertaining to this 

study. 

• Gestational age at the booking visit was categorised according to trimester, first (<12 

weeks); second (13-26 weeks) or third (27-48 weeks). Any value below zero or above 

48 weeks were categorised as unknown due to the improbability/impossibility of such.  

• Gestational age at delivery was categorised according to pre-term and not viable (<28 

weeks), preterm but viable (29-36 weeks), term (37-42 weeks) and post-term (43-48 

weeks) (67). Women with a gestational age above 48 weeks or below zero were 

categorised as unknown due to these ages being highly improbable or impossible.  

• The season of delivery used in the influenza uptake analysis was divided into two 

groups: in season, from when the vaccine is typically available in South Africa to the 

later end of flu season (from April to September) and out of season (October to March) 

(27,28).  

• In addition, the overall cohort was analysed by the variable ‘visits in influenza vaccine 

season’, which was binary and categorised as yes or no. The ‘visits in influenza vaccine  

season’ variable defined mothers who attended at least one antenatal visit during the 

period of national influenza vaccine availability. The vaccine availability period was 

established as having commenced in April for both 2017 and 2018 (W. Ramkrishna, 

personal communication, July 29th 2022). In 2017 the end of the period was designated 

to be the 31st of July, given that the influenza peak is typically seen at the 

commencement of July (28), therefore vaccine administration beyond this point is 

improbable. The end of the vaccine period in 2018 was the end date for the study, June 

30th.  

Further categorical variables included: pre-existing medical conditions, HIV status and number 

of antenatal care visits. 

 

2.4.2. Calculated Variables  

The gestational age at immunisation was established for both influenza and tetanus doses. This 

was calculated by determining the difference in weeks between the recorded gestational age at 
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booking to the date of the respective vaccine doses. This difference was then added to the 

gestational age in weeks at booking and categorised according to trimester. Following the 

establishment of the gestational age at each tetanus dose, the intervals between dose 

administrations were assessed to determine whether immunisation guidelines were adhered to. 

This analysis was performed on individuals with two and three tetanus doses. Correct adherence 

was defined as individuals having at least four weeks between their first and second dose, and 

at least 24 weeks between doses two and three (29). Individuals with correct intervals were 

distinguished from those with incorrect intervals between all doses, between doses one and two, 

or doses two and three.    

 

2.5. Exclusions 

Women were excluded from the sample if they lacked an antenatal booking visit, as these 

women presented at a clinic for the first time when they were delivering, therefore lacked data 

pertaining to antenatal care visits that was relevant to the study.  

 

2.6. Data Analysis 

The data were analysed using version 16.1 of the statistical software STATA (StataCorp, Texas, 

United States). The distribution of the following continuous variables was established by 

assessing skewness and kurtosis: maternal age, the number of ANC visits, and gestational age 

at both the booking and delivery visits. These variables were not normally distributed, (maternal 

age, number of ANC visits, gestational age at delivery – right skewed; gestational age at 

booking – left skewed) and the data were subsequently expressed using the median and 

interquartile ranges (IQRs). The variables were compared between the respective groups 

(influenza and tetanus samples) using the Wilcoxon rank-sum test. The effect of the explanatory 

variables (including the categorised continuous variables) on the binary outcome variables were 

analysed using univariate logistic regression. The data are described using odds ratios with a 

95% confidence interval. A p-value of less than 0.05 was considered to be significant for all 

statistical tests.  

 

Percentages were used to describe the following: 

▪ Proportion of women immunised against influenza: number of women who presented 

per month who were immunised against influenza across the three study sites as a 

percentage of all women who presented for antenatal care in that month and had not 

yet received an influenza vaccine for that season. 
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▪ Proportion of women who were immunised in their first, second or third trimester: 

number of women immunised within defined trimesters in the vaccine availability 

periods over the number of women immunised within the respective vaccine 

availability period. 

▪ Proportion of women who were immunised in their first, second or third trimester with 

their first tetanus dose according to their dose completion and gravidity: number of 

women immunised in their first tetanus dose in defined trimesters over the number of 

number of women who received only one dose, two doses or three.  

▪ Proportion of women with correct adherence to the timing guidelines between tetanus 

doses in women who received two doses: the number of women vaccinated within 

correct or incorrect time frames over the number of women who received two doses in 

their pregnancy.  

▪ Proportion of women with correct adherence to the timing guidelines between tetanus 

doses in women with the complete schedule administered during their pregnancy: the 

number of women vaccinated within correct or incorrect time frames over the number 

of women who received three doses in their pregnancy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Julia Bourne MSc(Vaccinology) Research Report: Version 2.0 21 

Chapter Three: Results  

 

3.1. Sample Characteristics  

A total of 9371 mothers were recorded on the study database, of which 375 (4.0%) were 

excluded; all had no antenatal booking visits. The demographic, followed by the clinical 

characteristics of the remaining 8996 participants are presented in Table 3.1, ordered according 

to the format of an antenatal card from which the data were extracted. Most of the sample 

originated from Gauteng study sites (85.88%), and most of the participants had a maximum 

recorded age of between 21-30 years old. The sample consisted primarily of African women 

(96.87%), with minor representation of other races within the group. Most of the women 

reported no pre-existing medical conditions (89.62%), with an HIV prevalence of 28.01% and 

reported use of teratogenic substances (smoking, recreational drugs or alcohol) of 3.96%, 

0.45% and 7.17% respectively. The majority (79.74%) of the women attended at least four 

antenatal care visits, with 61.63% of women presenting in their second trimester for their 

booking visit. Of the population, 71.81% of the women had been pregnant at least once before 

participation in the study, with only 32.36% of the participants being nulliparous. Most of the 

women delivered live neonates (98.09%) with birthweights within a normal range (84.72%), 

more commonly via vaginal than caesarean delivery (63.31% as opposed to 36.69%) (Table 

3.1). 

 

3.2. Influenza Analysis 

3.2.1. Factors Affecting Influenza Immunisation During Pregnancy 

Of the 8996 participants, data on influenza uptake were available for 6941 (77.16%), with the 

remaining 2055 having no influenza immunisation recorded in their maternity chart. Of these 

6941 women, 4851 (69.89%) had at least one antenatal visit during the vaccine availability 

period (01/04/2017-31/07/2017 or 01/04/2018-30/06/2018), whilst 2090 (30.11%) did not. 

These 2090 women were excluded from the subsequent influenza analysis to reduce bias. The 

median gestational age at booking of the influenza immunised group was 18.00 (13.00-23.00), 

similar to that of the non-immunised group: 18.14 (12.85-23.00) weeks, (P>0.05) (Table 3.2). 

Women who presented in their third trimester were significantly less likely to receive the 

influenza vaccine than women who presented in their first trimester (OR: 0.73, CI: 0.55-0.98), 

with no significant differences in the second trimester relative to the first (P>0.05). The median 

age of women who received the influenza vaccine was 27.30 (23.36-31.73) years, whilst that 

of women who did not receive the influenza vaccine was 27.53 (23.30-32.56) years, (P=0.38).  
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Table 3.1: Maternal characteristics of the population. 

Variable Total Percentage 

Total  8996 100% 

Region 

Soweto 

Inner City Johannesburg 

Metro East Cape Town 

  

5189 57.68 

2505 27.96 

1265 14.12 

Maternal age (years) 

Median (IQR) 

≤20 

21-30 

31-40 

≥41 

  

27.67 (23.42-32.70) 

819 10.09 

4400 54.23 

2543 31.34 

351 4.33 

Race 

Black African 

Coloured 

Asian/Indian 

White 

Other 

  

7405 96.87 

144 1.88 

51 0.67 

12 0.16 

32 0.42 

Pre-existing medical conditions  

None reported 

Hypertension 

Asthma 

Tuberculosis 

Known allergy 

Diabetes 

Epilepsy 

Cardiac condition 

Other* 

  

7526 89.62 

206 2.45 

88 1.05 

49 0.58 

39 0.46 

35 0.42 

28 0.33 

25 0.30 

113 1.35 

HIV status 

Negative  

Positive  

  

6063 71.99 

2359 28.01 

Smoking 

Non-user 

User 

Quitter 

  

6840 94.15 

288 3.96 

137 1.89 

Recreational drug use   
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Non-user 

Quitter 

User  

6107 98.61 

58 0.94 

28 0.45 

Alcohol consumption  

Non-user 

User 

Quitter 

  

6321 86.93 

521 7.17 

429 5.90 

Number of ANC visits  

(Median [IQR]) 

1 

2-3 

4-5 

5-7 

≥8 

  

6 (4-7) 

525 5.91 

1275 14.35 

2582 29.05 

2745 30.88 

1761 19.81 

Gestational age at 1st ANC visit 

Median (IQR) 

1st trimester 

2nd trimester 

3rd trimester 

  

19.85 (14.00-25.00) 

1640 18.96 

5330 61.63 

1679 19.41 

Parity  

0 

1 

2-3 

4-5 

≥6 

  

2887 32.36 

3063 34.33 

2684 30.09 

270 3.03 

17 0.19 

Gravidity 

1 

2-3 

4-5 

≥6 

  

2514 28.19 

4927 55.25 

1313 14.72 

164 1.84 

Gestational age at delivery  

Median (IQR) 

≤28 weeks 

29-36 weeks 

37-42 weeks  

43-48 weeks 

  

38.57 (36.57-40.00) 

205 2.56 

1592 19.90 

6038 75.47 

166 2.07 

Neonate status at delivery 

Liveborn 

  

8607 98.09 
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Stillborn 168 1.91 

Mode of delivery  

Vaginal  

Caesarean 

  

5769 63.31 

3344 36.69 

Birth weight (grams) 

Median (IQR)  

Underweight (150-2500) 

Normal weight (2503-5400) 

  

3085 (2750-3400) 

1379 15.28 

7645 84.72 

Visits in influenza vaccine season   

Yes 

No 

4851 

2090 

69.89 

30.11 

*Other - medical condition not specified on the antenatal card. 

Visits in influenza vaccine season: Yes: between 01/04/2017-31/07/2017 or 01/04/2018-30/06/2018, No: 

outside of these dates. 

Totals may not match overall total due to missing data. 

 

Women aged 21-30 years were more likely to have received an influenza vaccination compared 

to women of ≤20 years of age (P<0.05). Women between the ages of 31-40 years had a 14.46% 

influenza vaccine uptake with the difference relative to those aged ≤20 years not found to be 

significant (13.54%) (P>0.05). No significant difference was observed between women older 

than 41 years and the comparison age group, with women older than 41 years having an 

influenza uptake prevalence of 10.19%. No significant associations were found between 

influenza uptake and race, pre-existing medical conditions, HIV status, smoking or recreational 

drug use (P>0.05). In addition, no significant associations were found between influenza 

immunisation and categories for parity or gravidity (P>0.05) (Table 3.2). 

 

Between mothers who consumed alcohol and non-users and quitters, non-users and quitters 

were significantly less likely to receive an influenza vaccine during their pregnancy compared 

to women who used alcohol during their pregnancy (OR: 0.64, CI: 0.48-0.87; OR: 0.63, CI: 

0.40-0.9 respectively) (Table 3.2). Alcohol use by site amongst mothers with confirmed 

influenza uptake was 17.95% (7/39) at Metro East Cape Town, 4.96% (6/121) at Inner-City 

Johannesburg and 7.45% (48/644) at Soweto. There were significant differences between 

regions for influenza vaccine uptake; mothers from the Gauteng sites (Soweto and Inner-City 

Johannesburg) were less likely to receive influenza immunisation during pregnancy compared 

to women at the Western Cape site (Metro East Cape Town) (OR: 0.28, CI: 0.18-0.44 0.23; 

OR: 0.11, CI: 0.07-0.18 respectively) (Table 3.2). A large amount of data were missing for the 



Julia Bourne MSc(Vaccinology) Research Report: Version 2.0 25 

Metro East Cape Town site, with only 95 out of 1265 (7.51%) women having recorded 

influenza uptake data.  

 

Women with reported influenza immunisation data who had six or more antenatal care visits 

had significantly greater odds of receiving the influenza vaccine compared to women with only 

one antenatal visit (OR: 1.79, CI: 1.05-3.06 for 6-7 visits; OR: 2.01, CI: 1.17-3.46 for ≥8 visits). 

There was no significant difference in the likelihood of receiving the influenza vaccine between 

mothers who had one antenatal visit and mothers who had between two to five visits, despite 

these women exhibiting slightly higher vaccine uptake relative to women with only one visit. 

Women who received a dose of the tetanus vaccine during pregnancy were less likely to receive 

the influenza vaccine during pregnancy when compared to women who did not receive the 

tetanus vaccine at all (OR: 0.04, CI: 0.02-0.07) (Table 3.2). 

 

 

 

 

 

 

  



 

 

Table 3.2: Comparison of demographic and clinical characteristics between mothers who attended at least one ANC visit during the influenza vaccine availability 

period (01/04/2017-31/07/2017 or 01/04/2018-30/06/2018) stratified according to influenza vaccine uptake.   

 

 Influenza Vaccine Uptake  

 Total Yes No  

Variable  N Row % N Row % OR (95% CI) 

Total  4851 806 16.62 4045 83.38  

Maternal age (years) 

Median (IQR) 

≤20 

21-30 

31-40 

≥41 

 

 27.30 (23.36-31.73) 27.53 (23.30-32.56)  

485 62 13.54 396 86.46 Reference 

2428 447 18.41 1981 81.59 1.44 (1.08-1.92)* 

1342 194 14.46 1148 85.54 1.08 (0.79-1.47) 

108 11 10.19 97 89.81 0.72 (0.37-1.43) 

Race  

Black African 

Coloured 

Asian/Indian 

White 

Other 

 

4006 664 11.72 3342 83.42 1.72 (0.52-5.71) 

86 9 7.56 77 89.53 1.01 (0.25-4.03) 

29 3 10.34 26 89.66 Reference 

5 0 0.00 5 100.00 1 

21 5 23.81 16 76.19 2.71 (0.57-12.90) 

Region 

Soweto 

Inner City Johannesburg 

 

3333 644 19.32 2689 80.68 0.28 (0.18-0.44)* 

2121 121 8.55 1295 91.45 0.11 (0.07-0.18)* 
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Metro East Cape Town 95 39 45.88 46 54.12 Reference 

Pre-existing medical conditions  

None reported 

Hypertension  

Asthma 

Known allergy 

Tuberculosis 

Diabetes 

Epilepsy 

Cardiac condition 

Other* 

Unknown 

     

4263 721 16.91 3542 83.09 1.20 (0.94-1.54) 

100 10 10.00 90 90.00 0.55 (0.29-1.07) 

47 4 8.51 43 91.49 0.46 (0.17-1.30) 

27 7 25.93 20 74.07 1.76 (0.74-4.18) 

16 5 31.25 11 68.75 2.29 (0.79-6.61) 

12 0 0.00 12 100.00 1 

14 3 21.43 11 78.57 1.37 (0.38-4.92) 

7 1 14.29 6 85.71 0.84 (0.10-6.96) 

42 8 19.05 34 80.95 1.18 (0.55-2.56) 

277 35 12.64 242 87.36 0.71 (0.50-1.03) 

HIV status 

Negative  

Positive  

 

3383 561 16.58 2822 83.42 0.95 (0.79-1.13) 

1215 211 17.37 1004 82.63 Reference 

Smoking 

Non-user 

User 

Quitter 

 

3674 601 16.36 3073 83.64 1.07 (0.70-1.64) 

168 26 15.48 142 84.52 Reference 

81 17 20.99 64 79.01 1.45 (0.74-2.86) 

Recreational drug use  

Non-user 

Quitter 

User 

 

3205 494 15.41 2711 84.59 0.59 (0.27-1.32) 

34 8 23.53 26 76.47 Reference 

16 4 25.00 12 75.00 1.08 (0.27-4.31) 
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Alcohol consumption  

Non-user 

Quitter 

User 

 

3410 544 15.95 2866 84.05 0.64 (0.48-0.87)* 

250 39 15.60 211 84.40 0.63 (0.40-0.98)* 

268 61 22.76 207 77.24 Reference 

Parity  

0 

1  

2-3 

4-5 

≥6 

 

1639 291 17.75 1348 82.25 Reference 

1634 281 17.20 1353 82.80 0.96 (0.80-1.15) 

1392 208 14.94 1184 85.06 0.81 (0.67-0.99) 

138 19 13.77 119 86.23 0.74 (0.45-1.22) 

10 2 20.00 8 80.00 1.16 (0.24-5.48) 

Gravidity  

1 

2-3 

4-5 

≥6 

 

1430 261 18.25 1169 81.75 Reference 

2636 443 16.81 2193 83.19 0.90 (0.76-1.07) 

664 88 13.25 576 86.75 0.68 (0.53-0.89)* 

84 8 9.52 76 90.48 0.47 (0.22-0.99) 

Vaccination uptake history 

Yes 

No 

 

28 1 3.57 27 96.43 Reference 

4778 781 16.35 3997 83.65 5.28 (0.72-38.87) 

Tetanus vaccine uptake  

Yes 

No 

 

4781 747 15.62 4034 84.38 0.04 (0.02-0.07)* 

68 57 83.82 11 16.18 Reference 

Number of ANC visits 

1 

     

144 16 11.11 128 88.89 Reference 
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2-3 

4-5 

6-7 

≥8 

529 62 11.72 467 88.28 1.06 (0.59-1.90) 

1424 205 14.40 1219 85.60 1.35 (0.78-2.31) 

1688 309 18.31 1379 81.69 1.79 (1.05-3.06)* 

1065 214 20.09 851 79.91 2.01 (1.17-3.46)* 

Gestational Age at 1st ANC visit 

Median (IQR) 

1st trimester 

2nd trimester  

3rd trimester  

 

 18.00 (13.00-23.00) 18.14 (12.85-23.00)  

1068 173 16.20 895 83.80 Reference 

3006 532 17.70 2474 82.30 1.11 (0.92-1.34) 

598 74 12.37 524 87.63 0.73 (0.55-0.98)* 

Season of delivery  

Influenza season (Mar-Sep) 

Out of season (Oct-Feb) 

 

3421 660 19.29 2761 80.71 2.10 (1.74-2.54)* 

1430 146 10.21 1284 89.79 Reference 

Estimated delivery season       

Influenza season (Mar-Sep) 2825 558 19.75 2267 80.25 1.94 (1.61-2.33)* 

Out of season (Oct-Feb) 1510 170 11.26 1340 88.74 Reference 

The reference group for pre-existing medical conditions is women who did not have the condition.  

*Other - medical condition not specified on the antenatal card. 

Statistical significance p<0.05 indicated by ‘*’. IQR: interquartile range; N: population; ANC: antenatal care. 

Wilcoxon rank-sum test and logistic regression were used to assess intervariable relationships and statistical significance thereof.  

N varies in the population due to some participants lacking data on the variable in question.  

Totals may not match overall total due to missing data. 



 

 

 

Fifty seven women of 806 (7.07%) immunised against influenza had no reported TTV uptake. 

Of these 57 women, 51 (89.47%) had less than three prior pregnancies, and six (10.53%) had a 

parity of three or more. Women without influenza immunisation during their index pregnancy 

were significantly more likely to have a completed TTV schedule compared to women who 

received the influenza vaccine (OR: 1.43, CI: 1.07-1.90) (Table 3.4). Of 806 women with 

influenza vaccine uptake and ANC visits within the influenza season, 747 (92.78%) received 

both the tetanus and flu vaccines (Table 3.2), whilst of 7031 women with TTV uptake only 760 

(10.81%) received both vaccines during their pregnancy (Table 3.4). Co-administration of the 

influenza and tetanus vaccines occurred within the sample, with 279 women of 760 (36.71%) 

receiving a flu vaccine and their first TTV dose at the same time, 106 (13.95%) receiving the 

flu vaccine at the same visit as their second tetanus dose, and 64 (8.42%) receiving it 

concurrently with their reported third TTV dose.  

 

More vaccinations were done at Soweto compared to Inner City Johannesburg and Metro East 

Cape Town (Figure 3.1). A greater number of vaccines were administered before the spike in 

influenza cases across all sites, with the greatest number of vaccines administered in April of 

both 2017 and 2018 compared to other months of the year. The percentage of women who were 

immunised out of those eligible who presented for an antenatal visit at the sites by month is 

described in Figure 3.2, demonstrating the efficiency of each site at immunising eligible 

mothers presenting for antenatal care before, during, and after the influenza season. Eligibility 

of women was determined by whether they had yet received a vaccine in either the 2017 vaccine 

season or the 2018 season, respectively, commencing in April when the vaccines were rolled 

out. Metro East Cape Town vaccinated the greatest proportion of women, peaking at 50%, 

compared to Soweto and Inner-City Johannesburg with respective maximum coverage of 

14.89% and 6.51%. As expected, all sites demonstrated an increase in the proportion of women 

immunised around the time of the respective 2017 and 2018 influenza seasons (Figure 3.2). 

Soweto and Inner-City Johannesburg coverage ranged from 1.33%-14.89% and 0.45%-6.51% 

in the 2017 vaccine period from 01/04/2017-31/07/2017. During the 2018 period (01/04/2018-

30/06/2018) coverage did not exceed 5% at either site (Figure 3.2). Coverage at Metro East 

Cape Town ranged between 0%-31.25% and 5.77%-50% in the 2017 and 2018 periods 

respectively (Figure 3.2). 
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Figure 3.1: Influenza immunisation during pregnancy across study sites relative to monthly NICD-

confirmed provincial influenza cases, among those with at least one reported visit during the vaccine 

availability period (01/04/2017-31/07/2017 or 01/04/2018-30/06/2018) between December 2016 - 

June 2018 (C. Cohen, personal communication, June 15th 2022). 

 

 

 
 
Figure 3.2: Proportion of women in each month immunised against influenza among those eligible* 

with at least one reported visit during the vaccine availability period (01/04/2017-31/07/2017 or 

01/04/2018-30/06/2018), between April 2017-June 2018 across study sites relative to monthly NICD-

confirmed influenza cases (C. Cohen, personal communication, June 15th 2022). (*eligible: women who 

had not yet received an influenza vaccine  for that season from the vaccine rollouts in April 2017 & 2018.)  

0

5

10

15

20

25

30

35

40

0

20

40

60

80

100

120

D
ec

-1
6

Ja
n
-1

7

F
eb

-1
7

M
ar

-1
7

A
p
r-

1
7

M
ay

-1
7

Ju
n
-1

7

Ju
l-

1
7

A
u
g
-1

7

S
ep

-1
7

O
ct

-1
7

N
o
v
-1

7

D
ec

-1
7

Ja
n
-1

8

F
eb

-1
8

M
ar

-1
8

A
p
r-

1
8

M
ay

-1
8

Ju
n
-1

8

N
u
m

b
er

 o
f 

N
IC

D
-c

o
n

fi
rm

ed
 C

as
es

N
u
m

b
er

 o
f 

In
d
iv

id
u
al

s 
Im

m
u
n

is
ed

Month of the Year

Soweto Inner City Johannesburg

Metro East Cape Town Gauteng Cases

Western Cape Cases

0

5

10

15

20

25

30

35

40

0

5

10

15

20

25

30

35

40

45

50

N
u
m

b
er

 o
f 

N
IC

D
-c

o
n

fi
rm

ed
 C

as
es

P
ro

p
o
rt

io
n

 o
f 

W
o
m

en
 I

m
m

u
n

is
ed

Month of the Year

Soweto Inner-City Johannesburg Metro East Cape Town

Gauteng Cases Western Cape Cases



Julia Bourne MSc(Vaccinology) Research Report: Version 2.0 32 

3.2.2. Timing of Influenza Immunisation  

Of the 806 women immunised against influenza, 414 (51.36%) were immunised at their 

antenatal booking visit, with 390 (48.38%) immunised at a follow-up visit and only two women 

(0.25%) received the influenza vaccine upon admission for delivery. Women whose estimated 

delivery date fell within the influenza season (between April and September) had a significantly 

increased odds of receiving an influenza vaccine during their pregnancy compared to women 

with estimated due dates between October and March (OR: 1.94, CI: 1.61-2.33). (Table 3.2). 

In line with this observation, women with actual delivery dates for within the influenza season 

had significantly increased odds of influenza immunisation compared to women who delivered 

outside of the season (OR: 2.10, CI: 1.74-2.54). Of 806 participants with influenza uptake in 

their pregnancy, data on the gestational age at influenza immunisation and season of 

immunisation were available for 708 (87.87%) (Figure 3.3). Most women with visits during the 

vaccine availability period were vaccinated within the period (530/708, 74.86%), however 

25.14% (178/708) were vaccinated outside of the period. Most immunisations occurred during 

the second and third trimesters of pregnancy both ‘in season’ (93.2%) and ‘out of season’ 

(91.0%), with less than ten percent of immunisations occurring in the first trimester, both within 

and outside of the vaccine availability period (Figure 3.3).  

 

Figure 3.3: Proportion of 708 participants vaccinated against influenza according to trimester among 

those with at least one ANC visit during the influenza vaccine availability period (01/04/2017-

31/07/2017 or 01/04/2018-30/06/2018). (*in season vaccination was during the vaccine availability 

period, out of season was outside of these dates).  
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3.3. Tetanus Immunisation Analysis  

3.3.1. Factors Affecting Tetanus Immunisation During Pregnancy 

Of the 8996 participants, tetanus immunisation data were available for 7105 (78.98%) 

participants. Of these participants, medical records of 74 (1.04%) recorded no receipt of tetanus 

immunisation at all during the pregnancy and were subsequently excluded from the comparison 

analysis. The majority of women with no tetanus toxoid vaccination (TTV) uptake were African 

(55/57, 96.49%) and from the Metro East Cape Town (44/74, 59.49%) or the Soweto (27/74, 

36.49%) sites (Table 3.3). The median age of TTV unvaccinated women was 27.31 (IQR: 

23.62-28.87), with the majority of women aged between 21-30 years (56/70, 80.00%). Most 

women reported no pre-existing medical conditions (57/74, 77.03%), and a 43.28% (29/67) 

prevalence of HIV was observed amongst these participants. The use of teratogenic substances 

was low, however not absent, with 5.08 (3/59) being smokers, 1.92% (1/52) using recreational 

drugs and 16.95% (10/59) consuming alcohol during their pregnancy. The 74 unvaccinated 

women had a median of 7 (IQR: 5-8) antenatal visits during their pregnancy, with the majority 

having five or more visits (55/74, 74.32%). The median gestational age at the booking visit was 

16.14 (IQR: 11.00-23.29) weeks, with most women presenting for booking in the second 

trimester (39/71, 54.93%). Most of the participants with no TTV uptake had a parity of less 

than four (73/74, 98.65%) and 86.48% (64/74) had a gravidity of less than four.   

  

Of the 7031/8996 (78.16%) women who had TTV uptake recorded in their maternity charts, 

90.30% (6349/7031) had an incomplete TTV status and 9.70% (682/7031) had a complete 

schedule of doses in their pregnancies at the time of the study (Table 3.4). Of those with 

incomplete TTV status, 2759/7031 (39.24%) had one dose only and 3590/7031 (51.06%) had 

two doses. Women with incomplete TTV status were significantly older (median age 27.72 

years (IQR: 23.45-32.71)) than those with complete TTV status (26.68 years (IQR: 22.24-

31.58)) (P<0.01). Compared to younger women (≤20 years), women aged 31-40 years at their 

booking visit, were significantly less likely to achieve a complete TTV status during their index 

pregnancy (OR: 0.64, CI: 0.48-0.84). Aside from low TTV completion amongst women with 

hypertension (5/132, 3.79%) compared to those without hypertension (OR: 0.36, CI: 0.15-0.89), 

no other medical conditions were found to be significantly associated with tetanus uptake in 

pregnancy. Having a parity of greater than zero demonstrated significantly decreased odds of 

TTV completion, among women with a parity of one (198/2401, 8.25%), between two to three 

(187/2088, 8.96%); and between four and five (11/215, 5.12%) compared to women with a 

parity of zero (OR: 0.63, CI: 0.52-0.76; OR: 0.69, CI: 0.57-0.84; OR: 0.38, CI: 0.20-0.70 

respectively).  
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Table 3.3: Clinical and demographic characteristics of mothers with no TTV uptake 

Variable Total Percentage 

Total  74 100% 

Region 

Soweto 

Metro East Cape Town 

Inner City Johannesburg 

  

27 36.49 

44 59.49 

3 4.05 

Maternal age (years) 

Median (IQR) 

≤20 

21-30 

31-40 

≥41 

  

27.31 (23.62-28.87) 

4 5.71 

56 80.00 

7 10.00 

3 4.29 

Race 

Black African 

Coloured 

Asian/Indian 

White 

Other 

  

55 96.49 

1 1.75 

1 1.75 

0 0 

0 0 

Pre-existing medical conditions  

None reported 

Hypertension 

Tuberculosis 

Epilepsy 

Diabetes 

Cardiac condition 

Asthma 

Known allergy  

Other* 

Unknown 

  

57 77.03 

2 2.70 

2 2.70 

1 1.35 

0 0 

0 0 

0 0 

0 0 

5 6.76 

2 2.70 

HIV status 

Negative  

Positive  

  

38 56.72 

29 43.28 

Smoking 

Non-user 

User 

Quitter 

  

56 94.92 

3 5.08 

0 0 
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Recreational drug use 

Non-user 

User  

Quitter 

  

51 98.08 

1 1.92 

0 0 

Alcohol consumption  

Non-user 

User 

Quitter 

  

47 79.66 

10 16.95 

2 3.39 

Number of ANC visits  

Median (IQR) 

1 

2-3 

4-5 

6-7 

≥8 

  

7 (5-8)  

2 2.70 

4 5.41 

13 17.57 

31 41.89 

24 32.43 

Gestational Age at 1st ANC visit 

Median (IQR) 

1st trimester 

2nd trimester 

3rd trimester 

  

16.14 (11.00-23.29) 

22 30.99 

39 54.93 

10 14.08 

Parity  

0 

1 

2-3 

4-5 

≥6 

  

26 35.14 

23 31.08 

24 32.43 

1 1.35 

0 0 

Gravidity 

1 

2-3 

4-5 

≥6 

  

24 32.43 

40 54.05 

9 12.16 

1 1.35 

*Other - medical condition not specified on the antenatal card. 

Totals may not match overall total due to missing data. 

 

Additionally, women with gravidity values greater than one had significantly decreased odds 

of complete TTV scheduling, with completion of 6.86% (338/3850) of women with a gravidity 

of two to three, 5.86% (77/1005) of those with four to five and 4.27% (7/132) of women with 
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six or more (OR: 0.65, CI: 0.55-0.77; OR: 0.56, CI: 0.43-0.73; OR: 0.38, CI: 0.18-0.82 

respectively) (Table 3.4).   

 

Women with complete TTV status had significantly more ANC visits than women with 

incomplete TTV, with medians of 6 (IQR: 5-8) and 5 (IQR: 4-7) visits, respectively (P<0.01). 

Compared to women with only one ANC visit, women with four or more visits displayed 

significantly increased TTV schedule completion, with 8.84% (191/2160) of participants 

having between four and five visits, 12.58% (283/2249) with six to seven and 13.09% 

(172/1314) participants with eight or more visits having a complete TTV schedule (OR: 7.11, 

CI: 2.62-19.27; OR: 10.54, CI: 3.90-28.50; OR: 11.03, CI: 4.06-29.98, respectively). 

Participants with completed TTV status presented significantly earlier in their pregnancy for 

their booking visit (16.43 (11.14-21.29) weeks) compared to women in the incomplete TTV 

status group (20 (14.71-25) weeks), (P<0.01). Furthermore, women who presented for their 

first antenatal visit in their second or third trimester had significantly decreased odds of TTV 

schedule completion relative to women who presented in their first trimester (OR: 0.55, CI: 

0.46-0.66; OR: 0.20, CI: 0.14-0.28, respectively). No significant associations were found 

between race, region, HIV status, the use of teratogenic substances (smoking, alcohol, 

recreational drugs), vaccination uptake history (other than influenza immunisation) and 

participants having a complete tetanus immunisation schedule during their pregnancy (P>0.05) 

(Table 3.4).  

 

 

 



 

 

Table 3.4: Demographic and clinical factors affecting TTV uptake during pregnancy in women presenting for antenatal care between July 2017-June 2018. 

 TTV Uptake in Index Pregnancy   

 Total Complete TTV status 

(3 doses) 

Incomplete TTV status 

(1 - 2 doses) 

 

Variable  N Row % N Row % OR (95% CI) 

Total  7031 682 9.70 6349 90.30  

Maternal age (years) 

Median (IQR) 

≤20 

21-30 

31-40 

≥41 

      

 26.68 (22.24-31.58) 27.72 (23.45-32.71)  

670 82 12.24 588 87.76 Reference 

3451 351 10.17 3100 89.83 0.81 (0.63-1.05) 

2008 164 8.17 1844 91.83 0.64 (0.48-0.84)* 

252 19 7.54 233 92.46 0.68 (0.38-1.21) 

Race 

Black African 

Coloured 

Asian/Indian 

White 

Other 

      

5835 576 9.87 5259 90.13 0.86 (0.49-1.51) 

124 14 11.29 110 88.71 Reference 

40 0 0.00 40 100.00 1 

10 0 0.00 10 100.00 1 

27 1 3.70 26 96.30 0.30 (0.04-2.40) 

Region  

Soweto 

Inner City Johannesburg 

Metro East Cape Town 

      

4798 495 10.32 4303 89.68 1.96 (0.61-6.29) 

2155 182 8.45 1973 91.55 1.57 (0.48-5.07) 

54 3 5.56 51 94.44 Reference 
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Pre-existing medical conditions  

None reported 

Hypertension 

Asthma 

Known allergy 

Tuberculosis 

Diabetes 

Epilepsy 

Cardiac condition 

Other* 

Unknown 

      

6238 609 9.76 5629 90.24 1.07 (0.83-1.38) 

132 5 3.79 127 96.21 0.36 (0.15-0.89)* 

66 3 4.55 63 95.45 0.44 (0.14-1.41) 

33 2 6.06 31 93.94 0.60 (0.14-2.51) 

26 4 15.38 22 84.62 1.70 (0.58-4.94) 

23 3 13.04 20 86.96 1.40 (0.41-4.72) 

17 3 17.65 14 82.35 2.00 (0.57-6.97) 

15 0 0.00 15 100.00 1 

53 3 5.66 50 94.34 0.56 (0.17-1.79) 

378 40 10.58 338 89.42 1.11 (0.79-1.55) 

HIV status 

Negative  

Positive 

      

4920 484 9.84 4436 90.16 1.07 (0.89-1.29) 

1750 162 9.26 1588 90.74 Reference 

Smoking 

Non-user 

User 

Quitter 

      

5402 539 9.98 4863 90.02 1.74 (1.01-3.01) 

234 14 5.98 220 94.02 Reference 

124 7 5.65 117 94.35 0.94 (0.37-2.39) 

Recreational drug use  

Non-user 

Quitter 

User  

      

4711 457 9.70 4254 90.30 0.75 (0.32-1.78) 

48 6 12.50 42 87.50 Reference 

22 0 0.00 22 100.00 1 

Alcohol consumption        
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Non-user 

Quitter 

User 

5025 496 9.87 4529 90.13 0.96 (0.67-1.36) 

375 30 8.00 345 92.00 0.76 (0.46-1.26) 

361 37 10.25 324 89.75 Reference 

Parity  

0 

1  

2-3 

4-5 

≥6 

      

2260 282 12.48 1978 87.52 Reference 

2401 198 8.25 2203 91.75 0.63 (0.52-0.76)* 

2088 187 8.96 1901 91.04 0.69 (0.57-0.84)* 

215 11 5.12 204 94.88 0.38 (0.20-0.70)* 

14 1 7.14 13 92.86 0.54 (0.07-4.14) 

Gravidity  

1 

2-3 

4-5 

≥6 

      

1989 256 10.18 1733 87.13 Reference 

3850 338 6.86 3512 91.22 0.65 (0.55-0.77)* 

1005 77 5.86 928 92.34 0.56 (0.43-0.73)* 

132 7 4.27 125 94.70 0.38 (0.18-0.82)* 

Vaccination uptake history 

Yes 

No 

      

27 1 3.70 26 96.30 Reference 

6905 676 9.79 6229 90.21 2.82 (0.38-20.83) 

Influenza immunisation 

Yes 

No 

      

760 55 7.24 705 92.76 Reference 

6107 612 10.02 5495 89.98 1.43 (1.07-1.90)* 

Number of ANC visits 

Median (IQR) 

1 

      

 6 (5-8) 5 (4-7)  

297 4 1.35 293 98.65 Reference 
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2-3 

4-5 

6-7 

≥8 

1009 32 3.17 977 96.83 2.40 (0.84-6.84) 

2160 191 8.84 1969 91.16 7.11 (2.62-19.27)* 

2249 283 12.58 1966 87.42 10.54 (3.90-28.50)* 

1314 172 13.09 1142 86.91 11.03 (4.06-29.98)* 

Gestational Age at 1st ANC visit 

Median (IQR) 

1st trimester 

2nd trimester  

3rd trimester  

      

 16.43 (11.14-21.29) 20 (14.71-25)  

1232 197 15.99 1035 84.01 Reference 

4362 412 9.45 3950 90.55 0.55 (0.46-0.66)* 

1182 44 3.72 1138 96.28 0.20 (0.14-0.28)* 

2759 individuals obtained 1 dose only, 3590 individuals obtained two.  

The reference group for pre-existing medical conditions is women who did not have the condition.  

*Other - medical condition not specified on the antenatal card. 

Statistical significance p<0.05 indicated by ‘*’. IQR: interquartile range; N: population, ANC: antenatal care. 

Wilcoxon rank-sum test and logistic regression were used to assess intervariable relationships and statistical significance thereof.  

N varies in the population due to some participants lacking data on the variable in question.  

Totals may not match overall total due to missing data. 

 

 

 

 

 

 

 



 

3.3.2. Timing of Tetanus Immunisation  

Of the 7031 participants with confirmed TTV uptake, data on the timing of their first dose were 

available for 6723 (95.62%) individuals (Figure 3.4). Of these 6723 mothers, 2632 (39.15%) 

received only one dose, 3445 (51.24%) received two doses, whilst 646 (9.61%) received all 

three doses. Women who received three doses were more likely to receive their first dose in the 

first or second trimester compared to women with only one dose who were more likely to 

receive their first dose after the first trimester (Figures 3.4). Most women who received two 

doses were immunised with their first tetanus dose in the second trimester, with less than 15% 

of first dose immunisations happening after the second trimester (Figure 3.4). 

 

Of the 6723 participants with available data on gestational age at first tetanus dose 

administration, 1894 (28.17%) were pregnant for the first time (Figure 3.5). Of these women, 

27.82% (527/1894) received one dose, 59.77% (1132/1894) received two doses, whilst 12.41% 

(235/1894) received the complete three doses (Figure 3.5). Primigravid women were most 

likely to receive their first TTV dose in their second trimester regardless of how many doses 

they received. Women who only received one TTV dose were however more likely than women 

with two or three TTV doses to be immunised in their third trimester. Over half (54.75%) of 

the 6723 mothers had between two to three prior pregnancies, with 41.16% (1515/3681) having 

received only one TTV dose, 50.01% (1841/3681) having received two and 8.83% (325/3681) 

having received three TTV doses (Figure 3.6). Across all doses, women were most likely to be 

immunised in their second trimester. Women with three TTV doses were the most likely to 

receive their first dose in their first trimester and least likely to receive the first dose in their 

third trimester, whilst women with one dose were most likely to receive their first dose in their 

third trimester and least likely to receive it in their first trimester (Figure 3.6). Women with two 

doses were more likely to receive their first dose in the first trimester as opposed to the third, 

however predominantly immunisation occurred in the second trimester (Figure 3.6).  

 

Women who had been pregnant more than three times made up 16.27% (1094/6723) of the 

cohort. Of these women, 52.38% (573/1094) received one TTV dose, 40.13% (439/1094) 

received two TTV doses and 7.50% (82/1094) received three TTV doses (Figure 3.7). The 

distribution of the trimester of the first dose followed the trends of the abovementioned 

primigravid and multigravida women, with all women regardless of the number of doses 

received being most likely to receive their first tetanus vaccination in their second trimester 

(Figure 3.7). Of the primigravida women, only 12.87% (256/1989) received the complete TTV 

schedule (Figure 3.8). This figure was lower in multigravida women with between two and 
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three pregnancies, or more than three pregnancies: with respective proportions of 8.78% 

(338/3850) and 7.39% (84/1137). Most women with more than three pregnancies only received 

one TTV dose (593/1137, 52.15%) whilst most women with between two to three pregnancies 

received two TTV doses (1916/3850, 49.77%). The same was true of the primigravida 

participants, with 59.38% (1181/1989) of first-time pregnancy participants receiving two TTV 

doses (Figure 3.8).  

 

 
Figure 3.4: Timing (trimester) of receipt of 1st tetanus toxoid vaccine dose in 6723 pregnant women 

with complete (3 doses) or incomplete (1 or 2 doses) TTV uptake in their index pregnancy. 
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Figure 3.5: Timing (trimester) of receipt of 1st tetanus toxoid vaccine dose in 1894 primigravida 

women with complete (3 doses) or incomplete (1 or 2 doses) TTV uptake in their index pregnancy.  

 

 
Figure 3.6: Timing (trimester) of receipt of 1st tetanus toxoid vaccine dose in 3681 multigravida (2-

3) women with complete (3 doses) or incomplete (1 or 2 doses) TTV uptake in their index pregnancy. 

10.8
18.0

34.9

60.5

71.1

60.0

28.7

10.9 5.1

0

10

20

30

40

50

60

70

80

90

100

1 Dose (n=527) 2 Doses (n=1132) 3 Doses (n=235)

P
er

ce
n

ta
g
e 

o
f 

W
o
m

en
 I

m
m

u
n

is
ed

Tetanus Uptake in Current Pregnancy

Incomplete TTV Status                         Complete TTV Status

Trimester 1 Trimester 2 Trimester 3

13.9 17.1
24.9

56.1

68.1
66.5

30.0
14.8 8.6

0

10

20

30

40

50

60

70

80

90

100

1 Dose (n=1515) 2 Doses (n=1841) 3 Doses (n=325)

P
er

ce
n

ta
g
e 

o
f 

W
o
m

en
 I

m
m

u
n

is
ed

Tetanus Uptake in Current Pregnancy

Incomplete TTV Status                                Complete TTV Status

Trimester 1 Trimester 2 Trimester 3



Julia Bourne MSc(Vaccinology) Research Report: Version 2.0 44 

 

Figure 3.7: Timing (trimester) of receipt of 1st tetanus toxoid vaccine dose in 1094 multigravida 

(>3) women with complete (3 doses) or incomplete (1 or 2 doses) TTV uptake in their index 

pregnancy. 

 

 

 
Figure 3.8: Proportion of primigravida, multigravida (2-3) and multigravida (>3) participants who 

received TTV doses in their index pregnancy. 
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Of the women who received at least one TTV dose, 50.52% (3552/7031) received two doses 

and had data available on the timing between their doses (Figure 3.9). The majority, 90.34% 

(3209/3552) had an appropriate time interval between the doses, with less than ten percent 

having an incorrect interval between the first and second dose (Figure 3.9). Out of the 682 

women who received the complete TTV schedule of three doses in their pregnancy, data on the 

spacing between all three tetanus doses were available for 670 (98.24%) (Figure 3.10). Most 

women were incorrectly immunised (666/670, 99.40%), with a small proportion (4/670, 0.60%) 

receiving all three of their tetanus doses in line with established timing guidelines (Figure 3.10). 

Of those with incorrectly timed schedules, 11.79% (79/670) received all doses incorrectly. Only 

a small proportion of women had an incorrect time space between their first two doses (2/670, 

0.30%), with the majority of incorrectly immunised women having too short a time period 

between doses two and three (585/670, 87.31%). 

 

 

Figure 3.9: Proportion of 3552 pregnant women with two TTV doses schedule in their index 

pregnancy by the adherence to tetanus timing guidelines. 

 

Of 682 women who received three TTV doses, 671 (98.39%) had recorded time intervals 

between their second and third doses. Only 2.68% (18/671) women who achieved complete 

TTV status had a time interval of 24 weeks between their second and third tetanus dose, with 

the majority (230/671, 34.28%) receiving their third dose between eight and 12 weeks after the 

second (Figure 3.11). A small number of individuals received their third dose less than a month 

after the second (6/671, 0.89%), with 76.75% of women (515/671) receiving their third dose 

between one to four months after the second.  
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Figure 3.10: Proportion of 670 pregnant women with complete TTV status (3 doses) in their index 

pregnancy by the adherence to tetanus timing guidelines. 

 

 
Figure 3.11: Graph showing the time difference between the second and third dose of 671 pregnant 

women with three TTV doses in their index pregnancy. 
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Chapter Four: Discussion  

4.1. Maternal Influenza Immunisation Uptake in South Africa  

This is the first South African study assessing the uptake and the timing of routinely 

administered influenza and TT vaccines during pregnancy, within the government healthcare 

sector in the absence of a targeted intervention. Most women had no reported pre-existing 

medical conditions, were HIV uninfected and few reported the use of potentially teratogenic 

substances during their pregnancy (smoking, alcohol, or recreational drugs). Overall, influenza 

vaccine uptake was low (16.62%) among women who attended ANC visits during the influenza 

vaccination season (806/4851), while TTV uptake was high in the cohort (7031/7105, 98.96%). 

Pregnant women aged 21-30 years were significantly more likely to have an influenza vaccine, 

compared to mothers younger than 20 years. Increased exposure to the healthcare system 

increased the likelihood of influenza vaccine uptake among women of the cohort. Alcohol use 

increased the odds of maternal influenza vaccine uptake, whilst the uptake of tetanus vaccines 

during pregnancy decreased the odds of influenza immunisation.  

 

Maternal influenza vaccine uptake was significantly higher in the Western Cape region of the 

study compared to both Gauteng regions; however, all regions show an increase in maternal 

immunisation numbers that precedes the provincial influenza waves, demonstrating that the 

respective sites were immunising women ahead of the influenza season in line with guidelines. 

The Metro East Cape Town site had a large amount of missing data regarding influenza 

immunisation uptake, indicating the need for further investigation as to why these records were 

incomplete. 

 

4.2. Timing of Influenza Immunisation 

Influenza vaccine coverage ranged between 6.51%-31.25% across study regions in April 2017 

when the vaccine became available and dropped thereafter. A spike observed in April of 2018 

where coverage ranged between 2.31%-5.77% is lower than that observed in 2017, however 

coverage in May 2018 ranged from 0.38%-31.25%. This suggests vaccine administration may 

have been delayed in 2018 compared to 2017. The peaks in the months of April and May 

demonstrates a pattern where influenza immunisation coverage is typically highest just before 

the commencement of the flu season and falls as the flu season commences and progresses. In 

line with this finding, women who presented for any antenatal visits during the vaccine 

availability period (beginning of April to the end of July), or had an estimated delivery date or 

delivered within the flu season (April-September) had a significantly increased odds of 

receiving the influenza vaccine. This reflects the seasonality component of influenza 
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immunisation which is expected given the seasonality of influenza and the subsequent seasonal 

vaccine availability.   

 

Most of the influenza immunisations occurred within the appropriate period to confer immunity 

for the flu season, however 25.14% (178/708) of immunisations were reported outside of the 

appropriate months. Vaccine administration was uncommon, though not absent, in the months 

following the end of the influenza season. This is irregular and suggests the need for an audit 

investigating why women are receiving vaccines beyond the relevant season, as these vaccines 

will be incapable of conferring protection and are likely to be expired, thus posing a potential 

threat to health. Considering that 4851 of 6941 participants (69.89%) had at least one ANC visit 

during the influenza season, the reported coverage for women with visits in season of 16.62% 

is of concern. Women were typically immunised in their second or third trimester, with only a 

small proportion of women receiving their influenza immunisation during the first trimester. 

This may be explained by the median gestational age of presentation for the booking visit of 

the overall population being 19.85 (IQR: 14.00-25.00) weeks, with only 18.23% (1640/8996) 

women having at least one ANC visit during the first trimester, thus it would be unlikely for 

the participants to present early enough for first trimester immunisation.   

 

4.3. Maternal Tetanus Immunisation Uptake in South Africa  

Tetanus toxoid vaccine uptake was well recorded, with available data for 7105 participants 

(78.98%). A total of 7031 women (98.96%) received at least one tetanus vaccine during their 

pregnancy, with only 74 (1.04%) having received no tetanus vaccinations, or no vaccination 

having been recorded in their medical notes, during their pregnancy. No obvious differences 

exist between the 74 participants with no tetanus uptake compared to the 7031 with at least one 

dose administered during pregnancy, with most participants being African, between the ages of 

20 and 40 years and few reporting pre-existing medical conditions. Of the 74 participants with 

no TTV uptake, 98.65% had a parity of less than four, thus would have not had the opportunity 

to receive the recommended five doses and should have at least received one dose, in line with 

antenatal immunisation guidelines (29).  

 

In participants with at least one TTV dose, women with hypertension had a decreased odds of 

having completed TTV status, which may be a result of these women being less vigilant with 

their antenatal care visits relative to healthy women. This is supported by the observed increased 

likelihood of TTV schedule completion in women with an increased number of antenatal care 

visits, indicative of increased exposure to the healthcare system being positively associated with 
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maternal vaccine uptake. Increasing age decreased the likelihood of participants achieving 

complete TTV status (3 doses), significantly so in the 31-40 year age group relative to mothers 

less than 20 years of age. In addition to this, increased parity and gravidity decreased the odds 

of completion of the TTV schedule in the index pregnancy. These results may be explained by 

these women having received three doses in their previous pregnancies, thus not necessitating 

a complete schedule in their index pregnancy. The largest proportion of women who received 

three tetanus doses were primigravid participants, followed by women with a gravidity of 

between two and three, and finally those with a gravidity higher than three. Only 9.7% of the 

participants with reported TTV received a complete schedule of three doses despite 

primigravida participants accounting for 28.29% of the sample. It is unclear why women with 

more than three prior pregnancies have been receiving a full TTV schedule and indicates that 

either they were not immunised in their previous pregnancy, or that they received additional 

unnecessary doses.  

 

Most primigravid mothers and mothers with a gravidity between two and three received two 

TTV doses. The lack of third dose in primigravid mothers may be a result of a later presentation 

for booking the visit, which corresponds to the observed increased odds of TTV schedule 

completion in women presenting in the first trimester compared to women presenting in their 

second or third trimester: in line with the recommended guidelines on tetanus dose intervals. 

The additional dose in multigravida mothers, who, if previously immunised according to 

guidelines should only receive one booster dose, may be a result of a missed dose or be 

explained as an unnecessary dose, depending on their vaccine history in the previous pregnancy.  

 

4.4. Timing of TTV Doses 

Most women, regardless of gravidity or how many doses they received, were immunised with 

their first TT dose in their second trimester. This timing is undesirable given the guidelines on 

spacing between tetanus doses, thus prohibiting women from receiving the complete schedule 

of doses. Considering that the median age of presentation for booking was in the second 

trimester for both women with complete, incomplete or absent schedules, and that the overall 

population median was at 19.85 (IQR: 14.00-25.00) weeks, the likelihood of women in our 

population receiving three TTV doses in accordance to guidelines is small. However, the data 

show that adherence to the TTV interval guidelines was poor within the population. This 

adherence was better amongst people with only two tetanus doses (90.34%) than it was amongst 

those with three doses (0.60%), which may be a result of the recommended timing interval 

between the first two doses being at least a month.  
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Amongst participants with three doses, the most common point of incorrect schedule adherence 

was between doses two and three (87.31%), which require a six-month interval. This was 

followed by incorrect timing between all three doses (11.79%) and lastly, incorrect timing 

between the first and second dose (0.30%). The most common interval between doses two and 

three was found to be between eight to twelve weeks (34.28%) followed by an interval of four 

to eight weeks (22.35%). This indicates that the majority of women have too short an interval 

between their last two doses, and the data reflect that health care practitioners are not managing 

to correctly immunise mothers with three TTV doses. The timing anomalies may be explained 

by the lengthy six-month interval between doses two and three, as fitting a seven-month 

schedule into a nine-month pregnancy may be difficult if not impossible given that the majority 

of women present for their first visit beyond the second month of pregnancy. However, this 

does not explain or justify practitioners failing to follow the recommended schedule intervals. 

Considering these data, the maternal tetanus immunisation schedule is perhaps in need of 

revision, given that so few women have been fully immunised in accordance with 

recommended guidelines.  

 

4.5. Limitations  

The retrospective nature of this study did not allow us to consider or investigate additional 

social factors such as religion, personal beliefs or beliefs of friends, family, and the community, 

that may influence vaccine uptake decision-making. These factors have been shown to 

influence women’s decisions regarding maternal immunisation uptake (53). A prospective 

study with an embedded qualitative research component would be better suited to identifying 

reasons for non-vaccination amongst women as it could accommodate for factors beyond the 

scope of the maternal health card. We were also unable to account for a woman’s prior history 

of vaccine uptake in previous pregnancies as this retrospective medical chart review was limited 

to the information detailed in the current maternity case record. This is particularly relevant for 

TTV as guidelines for doses vary according to whether or not a woman’s TT immunisation 

history is known (29). Additional external and health system related factors were not available 

to provide further insight into why vaccines were not administered, preventing determination 

of whether this be health-personnel dependent, patient-dependent or system dependent (e.g. 

stockouts, waiting periods, resource expiration). Nonetheless, this study appropriately 

addresses vaccine coverage and baseline clinical and demographic variables that may affect 

uptake, laying the foundation for future research into the detailed determinants of vaccine 

uptake amongst pregnant women within the government healthcare system in South Africa. In 
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addition to this, our findings may be supplemented by recently published South African 

research covering personal factors influencing immunisation uptake during pregnancy (47). An 

unavoidable caveat of the study is the inability to account for the effect of the 2020 SARS-

CoV-2 pandemic on maternal immunisation uptake, however the study provides insight into 

pre-pandemic uptake: offering a comparison point for future South African studies. This will 

be imperative in assessing the effect of the pandemic on South African antenatal visit 

attendance, with available literature demonstrating a decline in visits due to fear of illness in 

several countries (including three African sites) (68). In addition, although there was minor race 

representation other than African in the population, the proportion of Africans in this study 

closely reflects the South African 2021 mid-year population estimates (66). In conjunction, the 

government health sector serves 71.5% of the population, the majority of whom are non-white 

individuals with only 9.9% of African individuals, 17.1% of Coloured individuals and 52.0% 

of Indian/Asian individuals being members of private medical aid schemes in 2018, as opposed 

to 72.9% of White individuals (69). Furthermore, the data quality is negatively affected by the 

missing variables amongst participants. However, care was taken to exclude these missing 

variables from the denominators where applicable, reducing the impact thereof. These missing 

data give insights into the room for improvement that exists within record-keeping in the 

government health sector.  

 

4.6. The Research in Context 

4.6.1. Influenza Coverage 

Between 2011 and 2018, national maternal influenza coverage was found to be similar to that 

observed in the above findings, being less than 16% (48,49). Bishop et al however demonstrated 

the power of targeted influenza campaigns, achieving a coverage of 78.7% from 2015 to 2018 

at designated sites within South Africa (49). Insight into non-vaccination within our study may 

be derived from this literature, as more than half of Bishop et al’s sample that were 

unvaccinated reported stockouts as the reason for not receiving the vaccine (49). This suggests 

that with improved resource allocation, as well as implementation of educational campaigns on 

vaccine advocacy targeted at both mothers and health care workers – maternal influenza vaccine 

uptake may be improved (49). Lengana et al’s 2015 collaboration with the department of health 

to increase vaccine availability in the public sector reinforces this notion, showing maternal 

uptake of 67.6% (70). Similarly, in those unvaccinated, the primary reason for such was vaccine 

unavailability due to either late facility arrival or stockouts (61.1%) (70).  
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A similar observation of increasing age being negatively associated with influenza vaccine 

uptake was noted by Bishop et al, with women older than 35 years being less likely to be 

vaccinated; as was the case with women over the age of 41 years in our study, relative to 

younger women. This is the converse of French research, wherein younger age groups 

demonstrated lower uptake compared to women over the age of 35 years (71).  Bishop et al 

observed that women from the Western Cape region were more likely to receive the influenza 

vaccine during pregnancy compared to those from Gauteng (49), as was observed in our 

findings. This suggests that despite the large amount of missing data for the Metro East Cape 

Town site, the observation that vaccine uptake was superior in the Western Cape relative to 

Gauteng may be regarded as accurate, based off of previous literature (49). No effect on HIV 

status on influenza vaccine uptake was observed in either sample (49), which contradicts 

American findings that positive HIV status is negatively associated with maternal immunisation 

against both tetanus and influenza (62). This may be explained in that the American literature 

cannot be generalised to a South African context due to differences: specifically, those in 

disease burden. South Africa is heavily burdened by HIV (64), whilst the American study had 

little representation of HIV positive participants – reducing comparability between populations 

(62).  

 

The increased likelihood of maternal influenza immunisation amongst alcohol users may be 

explained as coincidental, with an estimated South African prevalence of alcohol consumption 

during pregnancy of 13.2% (72). Given than 5.79% of the population reported alcohol 

consumption during pregnancy, this result is likely due to the high prevalence of maternal 

alcohol use in South Africa (73), with no other literary corroborations on such a relationship. 

This result may also be explained by both alcohol use and influenza vaccine uptake being higher 

in the Western Cape region compared to Gauteng sites. The decreased likelihood of influenza 

immunisation uptake in women with recorded TTV uptake is unprecedented, though may have 

been affected by the seasonal, and limited availability of influenza vaccines compared to the 

constant availability of tetanus toxoid vaccines – with only one million influenza vaccine doses 

distributed annually for all identified high-risk groups utilising the government health sector 

(48,49). It is unlikely either of the vaccines decreasing the odds of obtaining the other is 

associated with healthcare worker reluctance to co-administer the vaccines, as 60.12% 

(449/747) of women who received both an influenza and TT vaccine in their index pregnancy 

(who attended visits during the influenza season) received them concurrently. Few of the 57 

women who received an influenza vaccine, but no TTV doses had a parity of greater than three 

(10.53%, 6/57), therefore their lack of TTV administration cannot be attributed to the schedule 
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being completed in a prior pregnancy. In line with findings from other low and middle income 

countries, the more antenatal care visits a women attended, the greater the likelihood of 

immunisation (74,75). This is additionally supported by Malawian findings of poor antenatal 

clinic attendance being identified as a barrier to appropriate maternal immunisation coverage 

(58). These results reflect the success of increasing antenatal care visit recommendations, 

positively increasing maternal immunisation (61). 

 

4.6.2. Timing of Influenza Immunisation  

Similarly to French findings, most women were immunised in their second trimester (71). The 

gestational age at immunisation may be explained by the later gestational age at participant 

booking visit. The later gestational age of presentation of our population mimics that observed 

of a Nigerian population which had a mean gestational age of ANC booking of 19.1±7.8 weeks 

(76). This contrasts Raut et al’s review of factors affecting influenza uptake in low and middle 

income countries, wherein earlier antenatal care presentation and offering of the vaccine was 

associated with higher maternal influenza immunisation uptake (74). Raut et al justified this in 

that earlier engagement allowed for improved advocating of health practitioners on maternal 

immunisation – which corroborates with Bishop et al’s demonstration that with targeted 

vaccine campaigns – uptake can be improved (49,74). Based off of previous literature, the 

observed majority second or third trimester immunisation would primarily protect the neonate 

(34), yet Katz et al reported no change in vaccine efficacy between second or third trimester 

immunisation (44). This, in combination with findings that optimal neonatal protection was 

attained when immunisation occurred at least four weeks before delivery – reinforces Zhong et 

al’s recommendation that influenza immunisation occurs as soon as vaccines become available 

(34). Therefore, within South Africa, the gestational age of influenza immunisation is most 

commonly at a point whereby optimal antibody transfer to the neonate is achieved. The 

influenza vaccine is recommended to pregnant women regardless of foetal gestational age, yet 

requires around two weeks to develop a protective antibody response and should ideally occur 

prior to circulation as a result (26). Subsequently, the irregular timing of roughly one quarter 

(25.14%) of the maternal vaccinations against influenza suggests the need for an audit. The 

remaining 74.86% of participants were appropriately immunised, with peak immunisation 

occurring predominantly ahead of the influenza season onset – which is in line with 

recommendations (26).  
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4.6.3. Maternal Tetanus Toxoid Uptake  

Tetanus toxoid vaccine coverage within our population was high, with at least one dose 

administered in 98.96% of participants. This is similar to that observed in other African 

countries, including 83.9% in Nigeria, 99.6% in Sierra Leone and 88.2% in the Gambia (77–

79), yet is considerably higher than that observed in Ethiopia (63.2%) (80). Coverage with at 

least two doses was lower in our population than coverage seen in Nigeria (60.76% versus 

84.95%), however our coverage of at least two doses was higher than that seen in the Gambia 

(34.80%) and similar to that observed in Ethiopia (51.80%) (77,78,80). Optimally, individuals 

should receive six tetanus doses over their lifetime to attain lifelong immunity, however in 

pregnant women with an unknown tetanus immunisation history – the WHO recommends at 

least two doses, followed by a third at least six months later to attain lasting protection (29,81).  

Based on WHO recommendations, 51.06% of our population had adequate (two doses) tetanus 

immunisation during their pregnancy – however given the lack of data on participant’s prior 

TTV schedule completion it is impossible to determine whether this was sufficient.  

 

Our findings that increased antenatal care visits increased the odds of TTV completion is 

supported by other African studies as well as global literature (20,47,58,59), emphasizing that 

increased health system exposure positively increases maternal immunisation coverage. 

Additionally, these studies found higher parity to be negatively associated with tetanus uptake 

– similar to our observation of higher parity and gravidity being decreasing the odds of tetanus 

schedule completion (20,58,59). These observations are likely the result of these women having 

completed the schedule in prior pregnancies, therefore rendering three doses in their index 

pregnancy unnecessary (29). Godongwana et al discovered older women to be more accepting 

of maternal immunisations than younger women who infrequently attended antenatal visits 

(47), which stands in contrast to our finding that increasing age reduced the odds of tetanus 

completion. Global literature supports the association between increasing age and tetanus 

vaccine uptake, however does not examine the association between age and schedule 

completion (20). Care must be taken in interpreting this as older women in our population being 

less accepting than younger women of maternal immunisation, as older women are more likely 

to not need complete TTV status due to TTV in previous pregnancies. We found an unexpected 

negative effect of pre-existing hypertension on TTV schedule completion which is to our 

knowledge a novel observation. This may be explained by the high burden of hypertension 

(30.80%) in South Africans utilising government health care, with this burden being higher in 

females than in males (82).  
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4.6.4. Timing of Maternal TTV Immunisation   

Generally, women presented in the second trimester for their first antenatal booking visit, 

though those who had their booking visit in the first trimester were more likely to have a 

completed schedule – which is expected as it facilitates adherence to the seven-month three-

dose immunisation schedule (29). This is additionally in line with previous findings of 

increased health care system exposure being positively associated with maternal immunisation 

uptake (20,47,58,59). To our knowledge, this is the first study examining antenatal TTV 

schedule adherence – which was determined to be poor within the South African population. 

Difficulty of schedule completion has been acknowledged by the WHO and has been attributed 

largely to late presentation for booking visits (29). Adherence to the schedule is important, as 

failure to appropriately space the doses leads to antibody titres below the protective threshold, 

with these intervals determining the magnitude of immunogenicity and duration of protection 

(29,81). Poor adherence within the South African population is likely to compromise vaccine 

efficacy and therefore highlights the need for improved practices around maternal tetanus 

immunisation administration or perhaps the revision of the maternal immunisation schedule 

entirely. 

 

4.7. Future Directions  

Bishop et al’s findings in conjunction with the observed low influenza immunisation uptake 

support the annual implementation of influenza health campaigns to improve coverage within 

maternity patients in South Africa. Budgetary revisions should be made and increased 

allocation of the budget towards purchasing influenza vaccines should be considered, since low 

uptake has been predominantly attributed to vaccine stockouts (49). An audit into the incorrect 

administration of influenza vaccines to pregnant women is necessary to determine the reasons 

for such – which will enable countermeasures to be implemented to protect against this threat 

to health.  

 

In addition to influenza interventions, considering the poor adherence to the timing of the TTV 

schedule, South Africa stands to benefit perhaps from changing the maternal immunisation 

schedule, exchanging the tetanus toxoid vaccine instead for the Tdap vaccine. Motivation for 

this includes not only that this vaccine has been successfully implemented overseas (37), but 

also as pertussis is a threat to health in South Africa and this vaccine swap may reduce disease 

burden in neonates (32). Additionally, only one dose of Tdap  is required in each pregnancy 

(83), which would eliminate the complexity of the current tetanus toxoid schedule. 

Replacement of the tetanus toxoid vaccine with Tdap in pregnancy would suit the South African 
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context, with optimal Tdap administration time occurring in the second and third trimester – 

accommodating for the late initial presentation observed within our population. To recommend 

this switch with confidence, we propose an immunogenicity trial to see if Tdap elicits 

equivalent tetanus protection in neonates born to women previously unvaccinated with TT in 

adulthood. Additionally, a feasibility study would be advised to assess the cost of replacing the 

TTV schedule with the Tdap vaccine. Should the Tdap swap not be feasible or prove inferior 

to the efficacy of the tetanus toxoid schedule, similar campaigns to those recommended for 

influenza need to be implemented, ensuring that health care practitioners are advocating for 

maternal immunisation and that the government is appropriately stocking health facilities. This 

would need to occur on a continuous basis, given that TTV lacks the influence of seasonality.  

 

Context-specific vaccine acceptability information is lacking in South Africa. Barriers to 

vaccine uptake may differ between provinces and between urban and rural areas. Future 

research should include qualitative studies that engage pregnant women, health care workers 

and community leaders which may be invaluable in determining context-specific barriers to 

vaccine uptake during pregnancy. In addition, the above study could be revised in the post-

pandemic context within the country to see if similar decreases in coverage as a result of 

decreased antenatal visits have occurred, as have been seen elsewhere (68).   
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Chapter Five: Conclusions  

 

In conclusion, influenza coverage within the population sampled was low (16.62%) – even in 

the peak immunisation periods ahead of the influenza season. The data indicates that influenza 

campaigns should focus on women above the ages of 21-30 years and those with fewer ANC 

visits. In addition, the Gauteng region appears to require further influenza vaccine campaigning, 

due to its underperformance regarding coverage relative to the Metro East Cape Town study 

site. The odds of influenza immunisation uptake were decreased in women with TTV uptake 

during the index pregnancy, whilst the odds of receiving three TTV doses were decreased in 

women who received the influenza vaccine. Despite appropriate spikes in coverage preceding 

the commencement of the influenza season, uptake only ever reached a maximum of 50% of 

women who attended an ANC visit during the vaccination season. Furthermore, despite most 

vaccinations occurring within the appropriate period – the occurrence of 25.14% of 

immunisations outside of this period requires further investigation due to the potential health 

risks of expired vaccinations. No associations were observed between influenza uptake and pre-

existing medical conditions, race, HIV status, parity, gravidity, smoking or recreational drug 

use.  

 

Though coverage with at least one TTV dose in pregnancy was high within the population 

(98.96%), coverage with two doses and the complete three dose schedule was lower, 

respectively 51.06% and 9.70%. TTV schedule completion was more likely in women with 

younger age, earlier presentation for antenatal care and a greater numbers of antenatal care 

visits. Schedule completion was less likely in women with increased parity and gravidity, and 

with hypertension. No other medical conditions were implicated in completion of the schedule. 

Our findings are in line with expectations that older women and those with previous 

pregnancies will be less likely to need the full schedule of doses due to previous exposure in 

the health care system. TTV interval schedule adherence was low amongst women with three 

doses (0.60%) yet was high in those with only two doses (90.34%). Schedule adherence 

shortcomings may be explained by late presentation for ANC booking visits, as has been 

recognised by the WHO as a barrier to maternal immunisation.  

 

Overall, maternal coverage for both influenza and TTV immunisations requires improvement 

which may be achieved by implementing educational campaigns within the health care setting, 

targeted at both practitioners and patients. Irregular adherence to immunisation guidelines 

suggests the need for investigations into the determinants thereof, whilst the low completion of 
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the tetanus schedule in conjunction with observed international success of the Tdap vaccine 

implementation, supports a revision of the maternal schedule to replace the tetanus toxoid 

vaccine with the tdap vaccine. This study has provided insight into clinical and demographic 

factors affecting the uptake of maternal vaccines in a pre-pandemic context, setting a 

comparison point for future studies assessing the impact of the pandemic on maternal health 

care.  
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