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Thesis organization 

This thesis is organized in two sections: Part A and Part B. 

The research protocol, which provides the context to why we embarked on this study, the research questions, 

aim and objectives, methods, ethical approval, and study timelines, is appended in Part B. Following the protocol 

are supplementary materials related to the study, including supporting data and analyses, the ethics clearance 

certificate, and the author submission guidelines for the targeted journal, Vaccine. 

The study findings have been compiled into a journal-ready manuscript which is presented in Part A. This 

manuscript details the work done, the key findings from the research work, a detailed discussion appraising our 

findings against existing literature, an appropriate description of the study's limitations, and some concluding 

statements drawing key recommendations for policy, practice, and future research. Part A is formatted in line 

with the author guidelines of Vaccine (Appendix 6). 
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Abstract 

Introduction: Limited evidence on the burden of hepatitis B virus (HBV) infection among children living with 

HIV (CLWH), HIV-exposed uninfected (HEU) and HIV-unexposed uninfected (HUU) children hinders progress 

towards eliminating hepatitis B as a public health threat in South Africa. 

Methods: This study used secondary data and archived sera (N= 671) obtained from children <13 years old 

presenting at health facilities in the Western Cape, South Africa. Hepatitis B vaccine coverage was assessed 

using vaccination records for doses 1 to 3 by 12 months of age. Timely uptake of the hepatitis B vaccine was 

calculated as the difference between the actual and expected date of vaccine receipt, defined as 4 days before 

and up to 28 days after the recommended age. The prevalence of HBV infection was determined based on the 

presence of HBsAg within each subgroup. Logistic regression analysis was performed to assess factors 

influencing incomplete and delayed vaccination. 

Results: Coverage with all three doses by 12 months of age was 86.7% (13/15), 77.0% (57/74), and 80.9% 

(263/325) for CLWH, HEU, and HUU, respectively (p=0.645). Hepatitis B vaccine coverage decreased across 

all subgroups as the dosing schedule progressed from doses 1 to 3. Across the strata, the highest proportion of 

participants with delayed uptake for the third dose of hepatitis B vaccine was noted among CLWH at 23.1% 

(3/13), followed by 21.6% (58/269) among HUU and 15.3% (9/59) among HEU children (p= 0.540). The 

median delay in vaccination for dose 3 was highest among CLWH (11.3 weeks) compared to HUU (6.7 

weeks) (p= 0.368). HBV infection was detected in 1.4% (1/74) of HEU and 0.3% (1/328) of HUU children, 

while no cases were observed among CLWH. Factors associated with completing the three-dose hepatitis B 

vaccine series included crèche attendance, low-to-middle socio-economic status (SES), timely uptake of dose 

1, participant’s age (in months), and HIV exposure status. For the third dose, crèche attendance reduced the 

likelihood of delayed uptake by 69%, while a monthly increase in the participant’s age was associated with a 

2% increase in delayed uptake in the multivariable model. 

Conclusion: Our findings highlight disparities in timely hepatitis B vaccine uptake and coverage, emphasizing 

the need for targeted interventions ensuring timely vaccine uptake among HIV-exposed children. 

 

 

 

Keywords: Hepatitis B virus, Vaccine coverage, Vaccine timeliness, Children living with HIV (CLWH), HIV- 

exposed uninfected (HEU), HIV-unexposed uninfected (HUU). 



PART A 

2 

 

 

Highlights 

 

• Vaccine coverage remains below global targets, with no significant differences among HIV-exposed 

versus unexposed children. 

• Delays in vaccine uptake is higher among children living with HIV (CLWH), increasing their risk of 

infection. 

• Despite high vaccine coverage rates, CLWH have the lowest levels of immune protection. 

• Prevalence of hepatitis B is low in this cohort, although high core antibody positivity may indicate 

maternal antibody transfer and suggest a higher risk of exposure. 
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Introduction 

Hepatitis B is a significant public health threat and a major cause of morbidity and mortality globally (1). 

Chronic hepatitis B virus (HBV) infection can lead to long-term complications such as cirrhosis and 

hepatocellular carcinoma (HCC) (2). Globally, approximately 254 million people are chronically infected with 

HBV, with an estimated 1.1 million HBV-associated deaths reported in 2022 (3). 

Hepatitis B is transmitted either vertically (intrauterine, intrapartum, or postnatal) or horizontally through direct 

contact with infected blood or blood products (4). The natural history of chronic HBV infection progresses 

non-linearly through several phases, including HBeAg-positive infection, HBeAg-positive disease, HBeAg-

negative infection, HBeAg-negative disease, the grey zone, and the occult hepatitis B phase (5). Markers of 

HBV infection and immunity detectable in the blood include hepatitis B surface antibody (Anti-HBs), 

indicating immunity; hepatitis B core antibody (Anti-HBc), which is a marker of past infection; and hepatitis B 

surface antigen (HBsAg), signifying active HBV infection (6). Diagnosis of active HBV infection depends on 

the serological detection of HBsAg and HBV DNA (6, 7). This infection can either be acute or chronic. Acute 

HBV infection can persist for up to six months and remains transmissible during this time, with possible 

symptoms such as fever, nausea, and jaundice (6). Recovery is confirmed by the absence of the virus in the 

blood (6). Chronic HBV infection occurs when HBsAg persists in the blood for more than six months (2, 6, 8). 

Chronic HBV infection may be symptomatic or asymptomatic, with symptoms including mild fever, jaundice or 

abdominal pain (2). Occult hepatitis B can also occur and is characterized by the absence of HBsAg in the 

blood with detectable HBV DNA in the liver, with or without detectable HBV DNA in the serum (8, 9). Its 

exact pathogenesis remains unclear (10). 

Sub-Saharan Africa is among the regions with the highest HBV prevalence (4). Africa accounts for 

approximately 25% of the global infected population (11). Despite this high burden of chronic HBV infection, 

only 13% of cases had been diagnosed, and around 3% of individuals received treatment by the end of 2022 (3). 

The distribution of the disease burden across African countries highlights significant disparities (3). Nigeria has 

the highest number of HBV infections, with over 14 million cases recorded in 2022, followed by Ethiopia with 

approximately 7.6 million cases (3). In that same year, Ghana, Côte d'Ivoire, the Democratic Republic of 

Congo, and South Africa each reported between 2.1 and 2.9 million cases (3). In South Africa, a national cross-

sectional study reported an HBsAg prevalence of 9.0% in the general population, with 6.4% classified as chronic 

HBV carriers (12). The high burden of HIV within the African region further compounds the disease 

epidemiology. The global prevalence of HBV/HIV co-infection has been estimated at 2.7 million (13), with the 

highest burden of 5.2% reported in the African region (14). However, the distribution of HBV/HIV co-

infections within the African region is highly variable across geographies and population groups. A recent 

systematic review reported a co-infection rate of 3.3% among pregnant women living with HIV in the African 

region (15). Prevalence rates among this population varied by country, with Nigeria reporting a higher rate of 

27.3%, compared to 4.7% in Congo and 3.2% in South Africa (16-18). In South Africa where both diseases are 

endemic, a previous study conducted in the Eastern Cape reported an HBV co-infection rate of 12.2% among 
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children living with HIV (CLWH) (1). The public health relevance of underlying HIV co-infection is the rapid 

acceleration in hepatitis B disease progression due to increased viral replication and reactivation in the absence 

of effective treatment (1). 

Fortunately, HBV infection is vaccine preventable. In 2009, the World Health Organization (WHO) 

recommended the hepatitis B birth-dose (HepB-BD) to eliminate mother-to-child transmission (eMTCT) (11). 

This is an integral toolkit in the WHO’s Global Health Sector Strategy (GHSS) for the elimination of viral 

hepatitis by 2030 which aims to achieve a 90% reduction in new infections and a 65% reduction in mortality 

(19). In line with this strategy, the WHO recommends administering HepB-BD to all newborns, followed by 2- 

3 additional doses of a hepatitis B containing vaccine during infancy (3). Globally, 115 countries have 

implemented a universal HepB-BD vaccination program, with coverage reaching 45% in 2022 (3). However, 

the African region lags with only 18% of newborns receiving the HepB-BD in 2022 (3). Coverage of the third 

dose of the hepatitis B vaccine (HepB3) administered during infancy, also varies globally, with the African 

region having the lowest coverage at 72% in 2022, while the Eastern Mediterranean (84%) and the Americas 

(83%) also fall short of the WHO 90% coverage targets (3). Despite these challenges, the introduction of the 

hepatitis B vaccine in infancy has led to a decline in the global HBV prevalence, with a 31.3 % reduction from 

1990 to 2019 (20). The vaccine protects individuals and communities against the burden of HBV and its long- 

term complications (21). Given suboptimal HepB-BD and HepB3 vaccine coverage rates, the African region 

continues to experience a disproportionate burden, accounting for 63% of incident HBV cases and 25% of HBV- 

related deaths (3). This highlights the urgent need to scale up vaccination coverage to extend lifesaving benefits 

to populations most at need towards achieving global elimination targets. 

It is important to note that vaccine coverage and timeliness are similar yet distinct concepts. Vaccine coverage 

provides an indication of the performance of a vaccination program (22). It is calculated as the proportion of 

children who received their vaccines by a certain age (typically <1 year or ≥1 year of age) (23, 24), or the total 

number of doses received, regardless of timing (23). Timeliness, however, refers to whether a child received a 

vaccine within specific timeframes, categorized as early, on-time, or delayed (24). Timely vaccination is critical 

to ensure children receive early protection against vaccine-preventable diseases (VPDs) (24). This is especially 

pertinent for the prevention of HBV infection, given that the risk of progressing to chronic disease and associated 

sequelae is directly proportional to the time at infection. Regions with the highest prevalence of chronic HBV 

infection typically report high rates of vertical transmission (13). Individuals who acquire chronic HBV 

infection during early childhood have a higher risk of developing serious complications during adulthood (25), 

whereas infections acquired during adulthood are usually symptomatic and rarely become chronic cases (26). 

Furthermore, early Hepatitis B e-antigen (HBeAg) seroconversion (before the age of 3), when accompanied by 

severe liver damage, significantly increases the risk of developing HCC (27). Delayed seroconversion (over the 

age of 40 years) is associated with an increased risk of cirrhosis and HCC (28). Additionally, those with HCC 

have a high risk of mortality if they do not receive appropriate treatment including liver transplantation in some 

instances (25). It is estimated that 15-40% of those chronically infected will develop liver cirrhosis, HCC or 

liver failure (29). 
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In South Africa, routine infant hepatitis B vaccination has been part of the Essential Programme on 

Immunization (EPI) since 1995 (30). The hepatitis B vaccine is administered as part of a hexavalent vaccine 

(DTaP-IPV-Hib-HepB) at 6, 10, and 14 weeks, with an additional dose available at 18 months of age (12). Until 

recently, South Africa has not had a HepB-BD vaccination program in place (31). A selective birth-dose 

vaccination program was rolled out in January 2024, targeting babies born to women with a laboratory 

confirmed chronic HBV infection (31). The reach of this birth-dose program in South Africa is yet to be 

understood. 

Global elimination of HIV eMTCT programs have achieved significant success in reducing HIV infections in 

newborns. However, there has been limited success in HBV eMTCT due to gaps in universal screening of 

pregnant women for hepatitis B, linkage to care, and access to the HepB-BD. This has led to a growing and 

thriving population of HIV-exposed uninfected (HEU) children whose risk of HBV infection is not adequately 

prioritized. Among HIV-infected pregnant women, the burden of HBV infection remains high at 8.6% (32), and 

HEU children face an increased risk of infection (33). Additionally, HEU children have been reported to 

demonstrate reduced vaccine-induced immunity (34-36), leaving them at increased risk of infectious diseases, 

including HBV infection, compared to their HIV-uninfected counterparts. Despite this, comparable evidence on 

the burden of hepatitis B among CLWH, HEU, and HIV-unexposed uninfected (HUU) children in South Africa 

is scarce. This gap in knowledge limits our understanding of the need for targeted interventions, thereby 

hindering national progress toward eliminating hepatitis B as a public health threat. This study aims to describe 

the coverage and timely uptake of routine infant hepatitis B vaccination, and the burden of HBV infection among 

CLWH, HEU, and HUU children in South Africa. 
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Methods 

 
Specific Objectives 

1. To assess the coverage and timely uptake of the hepatitis B vaccine among CLWH, HEU, and HUU 

children in the Western Cape province of South Africa. 

2. To determine the prevalence of HBV infection among CLWH, HEU, and HUU children in Western 

Cape, South Africa. 

3. To explore factors associated with the completion and timely uptake of recommended hepatitis B 

vaccine doses among CLWH, HEU, and HUU children in Western Cape, South Africa. 

Study design 

We conducted a retrospective cross-sectional study, utilising a convenient sample of sera obtained from children 

participating in a parent study between 2012 and 2016 (37). The parent study, conducted in health facilities in 

the Western Cape, focused on investigating the incidence of pertussis in South African children who presented 

with mild to severe lower respiratory tract infections (37). From the original database containing 709 entries, 

671 participants with available Case Report Forms (CRFs) were included in the current sub-study (Figure 1). 

Eligibility criteria2 for analysis of vaccine coverage and timeliness included the availability of Road-to-Health 

Cards (RTHCs) containing participant's immunization history with a legible date and signature indicating the 

administration of the hepatitis B vaccine, as well as CRFs documenting the HIV status of both the mother and 

child. Socio-demographic and economic data were retrieved from the original study database. Socio-economic 

status (SES) was determined based on maternal asset ownership (including type of dwelling, access to basic 

amenities), employment status, and education level. HIV status was determined for both the mother and the 

child based on their confirmed HIV test results, while the child’s exposure status was determined by the mother's 

HIV test result. Children categorized as CLWH, HEU, or HUU all had documented HIV test results. Briefly, 

HIV status was determined at the time of enrolment into the parent study by age-appropriate tests. This involved 

HIV polymerase chain reaction (PCR) for participants <18 months and two ELISA tests in older children. 

Participants under 18 months were categorised as HEU if they were ELISA positive but PCR negative. Older 

participants (>18 months) were categorised as HEU if their mother was HIV-positive during pregnancy, but the 

child tested negative for HIV (37). Where we could not confirm whether a child underwent HIV testing based 

on their clinical records, these participants were only classified as either HIV-exposed or HIV-unexposed. Where 

available, information on antiretroviral therapy (ART) use was collected for both mothers and children living 

with HIV. Data on duration of ART were available for CLWH. We did not have data on hepatitis B 

 

 

 

2For Objective 2 of this study, the non-availability of RTHCs and ineligibility for the hepatitis B vaccine were not 

considered as exclusion criteria. 
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vaccination and infection status of mothers and as such, this could not be assessed in this study. Figure 1 presents 

a breakdown of study samples and assessments conducted in this study. 

 

 

Figure 1: Study sample stratification and laboratory testing for serological markers 

Note: RTHC = Road-to-Health Card, CRF = Case Report Form. 

 

Assessment of hepatitis B vaccine coverage and timeliness 

Hepatitis B vaccine coverage and timeliness were assessed for each dose, provided participants were age- 

eligible and had a RTHC available. Among the study population, 616 participants had RTHCs available. For 

vaccine coverage, 606 participants were age-eligible for dose 1, 566 for dose 2, and 530 for dose 3. For vaccine 

timeliness among eligible participants with appropriately documented RTHCs, 557 had received dose 1, 507 

had received dose 2, and 440 had received dose 3. 

Definitions 

 

i. Eligibility to receive the hepatitis B vaccine at 6, 10, and 14 weeks was defined as being not more than 

4 days younger than the minimum age for which the vaccine is licensed, and not more than 4 days prior 

to the minimum dosing interval (38). 

ii. Coverage was defined as the proportion of age eligible children who had documented evidence (date and 

signature on RTHC) of receiving each scheduled dose of the hepatitis B vaccine by 12 months of age. 

iii. Complete coverage referred to receiving all three hepatitis B vaccine doses by 12 months of age. 

iv. Vaccine timeliness was defined as receiving a dose between 4 days before and up to 28 days after the 

national EPI recommended age, in accordance with previous studies (39-41). 
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v. Early vaccine uptake included doses given more than 4 days before the recommended age or dosing 

interval (42), 

vi. Delayed vaccine uptake referred to doses administered more than 28 days after the recommended age 

(43). 

 

Laboratory testing for HBV serological and molecular markers 

Between 2023 and 2024, a total of 513 archived serum samples were tested for three key serological markers: 

HBsAg, anti-HBs, and anti-HBc, using Elecsys® test kits (Roche Diagnostics, Mannheim, Germany). 

Serological assays were performed on the Cobas® 6000 analyser series (Roche Diagnostics International Ltd., 

Rotkreuz, Switzerland). Following the manufacturers guidelines, samples were considered positive if the cut-

off index for HBsAg was ≥ 1.0 COI, ≥10 IU/mL for anti-HBs, and ≤ 1.0 COI for anti-HBc. To determine the 

presence of HBV DNA among those testing positive for HBsAg and/or anti- HBc, we quantified viral loads 

using a real-time PCR (qPCR) assay performed on the CFX96 touch real-time PCR (Bio-Rad Laboratories, 

California, USA). For this purpose, HBV DNA was extracted from available sera using the High Pure Nucleic 

Acid Extraction Kit (Roche Diagnostics, Mannheim, Germany). The Luna® Universal qPCR Master Mix 

(New England Biolabs, Ipswich, MA, USA) which uses SYBR® Green 1 to measure DNA amplification in 

real-time, was used for the in-house qPCR reactions together with Taq1 and Taq2 primers targeting the viral 

surface gene as published previously [39]. A standard Accurun HBV positive control (SeraCare Life Sciences, 

Inc., USA) with a lower limit of detection of ct=29 was included in the assay. The positive cut-off was set at 

any amplification <29 ct value while anything amplified at >30 ct value was considered negative. 

Data analysis 

Numerical data were described using medians and interquartile ranges. Categorical variables were described 

using proportions as percentages. Associations between numerical data were analysed using Kruskal-Wallis 

tests and categorical variables were analysed using Chi-square or Fisher’s exact tests where appropriate. To 

assess hepatitis B vaccine coverage rates, proportions of eligible participants who received age-specific hepatitis 

B vaccine doses by 12 months of age were described. Timeliness for each vaccine dose was calculated as the 

difference in the actual date and the expected date of receipt of the age-specific immunization. The median 

duration of delay in uptake was described for vaccine doses received 28 days past the scheduled date. The 

prevalence of HBV infection was determined based on the presence of HBsAg within each subgroup. Factors 

influencing the incomplete and delayed uptake of hepatitis B vaccine doses were assessed by logistic regression 

analyses using the binary outcomes incomplete/complete and delayed/timely administration, with complete 

coverage and timely administration used as the reference categories. As a priori, HIV exposure status, SES, 

maternal age, and crèche attendance were included in the multivariable model, along with variables that had a 

p-value <0.15 in the univariable model. All statistical analyses were conducted in R version 4.3.0 and R Studio 

version 2024.04.02+764 (45), with significance defined at a two-tailed p-value of <0.05. 
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Ethical Considerations 

We used secondary data and archived sera collected during a parent study approved by the University of Cape 

Town (UCT) Faculty of Health Sciences (FHS) Human Research Ethics Committee (HREC) [HREC Reference 

Number: 371/2011]. Ethical clearance to conduct this sub-study was granted by the UCT FHS HREC [HREC 

303/2024]. Only samples from participants whose caregivers consented to future testing were included in this 

sub-study. 

 

Results 

 
Demographic characteristics of the study population 

A total of 671 participants were included in this study and of these, 20 were categorised as CLWH, 93 HEU and 

398 HUU, while 9 HIV-exposed and 151 HIV-unexposed had no records of their HIV infection status and thus 

could not be stratified into the three core study subgroups. Among CLWH, 40% (8/20) were on ART, with a 

median ART duration of 14 months. Overall, over half of the participants (53.7%, [360/671]) were male with a 

median age of 13.2 months [IQR 4.8, 40.6]. CLWH had a higher median age of 20.4 months [IQR 9.3, 65.1], 

compared to HEU (10.8 months, [IQR 4.8, 20.4]) and HUU children (11.1 months, [IQR 4.8, 28.8]). Half 

(50.0%, [10/20]) of CLWH had ever attended crèche compared to 26.1% of HEU (24/92) and 26.3% of HUU 

(104/395) children. Among the mothers in the study, 122 were HIV-positive, and only 41.8% (51/122) reported 

being on ART. Data on their ART regimen and duration of treatment were unavailable. The median maternal 

age was 29.1 years [IQR 24.5, 34.7]. Most mothers (90.4%, [596/659]) reported having completed secondary 

education. The majority could be categorised into the upper-middle socio-economic level (39.2%, [263/671]) 

and this was consistent across the HIV strata, with just over half of mothers of CLWH (57.9%, [11/19]) falling 

into this category. The demographic characteristics of the study population are presented in Table 1 with 

further details in Appendix 3. 
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Table 1: Baseline characteristics of study participants and caregivers 
 

Characteristic Total, n= 6711 CLWH, n= 20 HEU, n=93 HUU, n=398 

n (%) or Median [IQR] 

Participant 

demographics 

    

Sex     

Female 311(46.4) 9(45.0) 40(43.0) 187(47.0) 

Male 360(53.7) 11(55.0) 53(57.0) 211(53.0) 

Age (months) 13.2 20.4 10.8 11.1 
 [4.8,40.6] [9.3,65.1] [4.8,20.4] [4.8,28.8] 

Race     

Black 384(58.7) 18(90.0) 88(95.7) 223(57.6) 

Coloured 268(41.0) 2(10.0) 4(4.4) 162(41.9) 

White 1(0.1) 0 0 1(0.3) 

Indian/Asian 1(0.1) 0 0 1(0.3) 

Crèche 2 
    

Yes 193(29.0) 10(50.0) 24(26.1) 104(26.3) 

No 473(71.0) 10(50.0) 68(73.9) 291(73.7) 

Maternal demographics 

Age (years) 29.1 28.9 31.8 28.3 
 [24.5,34.7] [26.5,33.4] [26.4,34.7] [23.9,33.9] 

Education     

Basic education 18(2.7) 0 2(2.1) 10(2.6) 

Primary 30(4.5) 0 5(5.4) 18(4.6) 

Secondary 596(90.4) 20(100.0) 85(91.4) 354(90.5) 

Tertiary 15(2.3) 0 1(1.1) 9(2.3) 

Socio-economic 
    

quartiles3     

High 76(11.3) 2(10.5) 11(13.8) 47(13.0) 

Low 120(17.9) 4(21.0) 21(26.3) 72(20.0) 

Lower-middle 49(7.3) 0 3(3.8) 35(9.7) 

Upper-middle 263(39.2) 11(57.9) 38(47.5) 182(50.3) 
Unknown 163(24.3) 2(10.5) 7(8.8) 26(7.2) 

Note: Missing data shown in this table if greater than 5% of the category total. 
1This total includes the 160 children with known HIV exposure but unknown infection status (n=9) and those who were 

HIV unexposed with unknown infection status (n=151). 
2Pre-school, Kindergarten, Nursery. 
3Socio-economic status (SES) was categorized into quartiles based on a validated weighted composite score that included 

maternal asset ownership, employment, and education. 
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Coverage of the hepatitis B vaccine among HIV-exposed and unexposed children 

The dose coverage for the hepatitis B vaccine within the study population is summarized in Table 2. While 

vaccine coverage rates were not statistically significantly different across the subgroups, HEU children had the 

highest decline in coverage from dose 1 to dose 3 (12.5%), followed by HUU children (11.1%) while CLWH 

had a minimal decline of 2.2%. 

Table 2: Hepatitis B vaccine coverage rates among CLWH, HEU and HUU children 
 

Hepatitis B vaccine coverage n (%) 

 

Hepatitis B dose 

 

Total1 

 

CLWH 

 

HEU 

 

HUU 

 

p-value 

 n=606 n=18 n=86 n=375  

 

Dose 1 

 

556(91.7) 

 

16(88.9) 

 

77(89.5) 

 

345(92.0) 

 

0.627 

 n=566 n=16 n=79 n=350  

Dose 2 505(89.2) 14(87.5) 69(87.3) 312(89.1) 0.777 

 n=530 n=15 n=74 n=325  

 

Dose 3 

 

426(80.4) 

 

13 (86.7) 

 

57 (77.0) 

 

263(80.9) 

 

0.645 

1This total includes participants whose mothers were confirmed as either HIV-infected or HIV-uninfected, but the child's 

HIV status was not tested. 

 

Across the strata, vaccination coverage decreased as the dosing schedule progresses from dose 1 to dose 3 

(Figure 2). 

 

Figure 2: Hepatitis B vaccine coverage for doses 1, 2 and 3 among CLWH, 

HEU, and HUU 
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Timeliness and duration of delay of the hepatitis B vaccine 

The majority of participants across all subgroups received their scheduled doses on time, as shown in Figure 3. 

Delayed vaccine uptake increased over the course of the schedule with the highest proportion of delayed uptake 

observed for HepB3 (Figure 3). Across the strata, the highest proportion (23.1%, [3/13]) of participants who 

experienced delayed uptake for HepB3 was noted among CLWH, followed by 21.6% (58/269) among HUU, 

and 15.3% (9/59) in the HEU subgroups (p= 0.540). 

 

 
Figure 3: Timeliness of uptake of hepatitis B vaccine at 6, 10, and 14 weeks by HIV strata 
Hepatitis B vaccination at 6 weeks (n = 557), 10 weeks (n= 507) and 14 weeks (n= 440). 

 

 

Delayed hepatitis B vaccine uptake increased for each subsequent dose. From dose 1 to dose 2, delays increased 

by 8.0%, 10.8%, and 3.8% among CLWH, HEU, and HUU subgroups, respectively (Appendix 4). Delays 

further increased from dose 2 to dose 3 by 8.8% and 9.9% among CLWH and HUU. The median delay in 

weeks for HepB3 was highest among CLWH, at 11.3 weeks [IQR 9.6, 13.0], compared to 6.9 weeks [IQR 

5.2,20.0] among HEU and 6.7 weeks [IQR 5.2, 10.0] among HUU children (p= 0.368). The median age for 

completing HepB3 was 15.9 weeks, 15.6 weeks and 15.1 weeks for CLWH, HEU and HUU, respectively (p= 

0.876). 
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Prevalence of hepatitis B virus infection and immunity 

The prevalence of serological markers of HBV infection and immunity across the study strata is presented in 

Table 3. Overall, 13.5% (69/513) of the study population were non-immune to HBV infection, with CLWH 

(52.6%, [10/19]) having significantly higher susceptibility rates than HEU (14.9%, [11/74]) and HUU 

participants (11.6%, [38/328]) (p<0.001). Vaccine induced immunity, indicated by anti-HBs in the absence of 

other markers of infection, was prevalent in 69.0% (354/513) of the study population. Among the 354 

participants with protective levels of immunity, 338 had valid RTHCs. Among these, 317 (93.8%) were 

confirmed to have received at least one dose of the hepatitis B vaccine. 

When comparing HepB3 coverage rates and the proportion of age-eligible participants with vaccine-induced 

immunity across the strata, it was observed that although 86.7% (13/15) of CLWH completed their vaccination 

schedule, only 40% (6/15) had protective titres of anti-HBs (Figure 4). In contrast, 81.5% (216/265) of 

participants in the HUU subgroup were fully vaccinated, with 82.6% (219/265) having protective anti-HBs 

levels. Among the HEU subgroup, 80.7% (46/57) were fully vaccinated with all (80.7%, [46/57]) exhibiting a 

protective immune response (Figure 4). 

 

Figure 4: Vaccine coverage and proportion protected (anti-HBs positive) against 

hepatitis B among CLWH, HEU and HUU 

In terms of vaccine non-response (participants who received all three hepatitis B vaccine doses but remained 

unprotected), we found a proportion of 8.3% (27/325) in the overall population. The non-response rate was 

highest among CLWH (53.8%, [7/13]), compared to HEU (6.8%, [3/44]) and HUU (5.6%, [12/213]) children. 

Additionally, 0.8% (4/513) of the population tested positive for anti-HBc alone, indicating isolated total anti-

HBc positivity or past infection (Table 3). Across the strata, only one HUU participant (0.3%, [1/328]) had 

markers of past infection and had received at least one vaccine dose. Another participant living with HIV was 
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both anti-HBc and anti-HBs positive and was not on ART. Using the qPCR assay, no HBV DNA was detected 

among children who tested positive for anti-HBc. 

HBsAg was present in 2/513 participants (0.4%). One participant was HEU, aged 1.2 months, and had received 

their first eligible dose of the hepatitis B vaccine. The other participant was HUU and concurrently tested 

positive for anti-HBs despite not receiving any of their scheduled doses by 7 months of age. The simultaneous 

detection of HBsAg and anti-HBs in the absence of vaccination suggests this participant was in the process of 

seroconverting or transplacental transfer of anti-HBs. Among both HBsAg positive participants, HBV DNA was 

not detectable by qPCR. 

Table 3: Prevalence of serological markers of hepatitis B virus infection and immunity among CLWH, 

HEU and HUU children 
 

Interpretation Serological 

markers 

Total 

population 

n=5131 

CLWH, 

n=19 

HEU, 

n=74 

HUU, 

n=328 

p-value 

  n (%)     

Not immune-Not protected 

Has not been infected with HBV 

Anti-HBc- 

HBsAg- 

Anti-HBs- 

 

69 (13.5) 

 

10 (52.6) 

 

11 (14.9) 

 

38 (11.6) 

 

<0.001 

Could be infected 

Possible acute or past HBV 

infection 

Anti-HBc+ 

HBsAg- 

Anti-HBs- 

 

4 (0.8) 

 

0 

 

0 

 

1 (0.3) 

 

1 

Immune-Protected 

Immunity from vaccination and not 

infected with HBV, or a past 

infection 

Anti- 

HBs+(≥10mI 

U/mL) 

Anti-HBc- 

HBsAg- 

 

 

354 (69.0) 

 

 

7 (36.8) 

 

 

46 (62.2) 

 

 

233 (71.0) 

 

 

<0.001 

Immune Controlled-Protected 

Surface antibodies resulting from 

natural infection, indicating 

recovery from a previous HBV 

infection. 

 

Anti-HBc+ 

Anti-HBs+ 

HBsAg- 

 

 

28 (5.5) 

 

 

1 (5.3) 

 

 

5 (6.8) 

 

 

18 (5.5) 

 

 

0.842 

Infected 

Positive HBsAg is a marker of 

active HBV infection. 

 

HBsAg+ 

 

2 (0.4) 

 

0 

 

1 (1.4) 

 

1 (0.3) 

 

0.221 

1This total includes the 92 participants with known HIV-exposure but unknown infection status (n=8) and those who 

were HIV-unexposed with unknown infection status (n=84). 
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Factors associated with incomplete coverage and delayed uptake of hepatitis B vaccine 

 

Factors associated with decreased odds of incomplete hepatitis B vaccine coverage in the univariable model 

included crèche attendance (OR:0.55, p= 0.021), low-middle SES (OR:0.17, p=0.024) and timely uptake of 

dose 1 (OR: 0.16, p<0.001). However, in the multivariable model, the only factors to retain statistical 

significance were timely uptake of dose 1 (OR: 0.08, p<0.001) and participants age in months (OR: 0.62, 

p<0.001), while HIV exposure status (OR:2.92, p=0.036) was only significant in the multivariable model. 

Findings from the logistic regression analysis are presented in Tables 4 and 5. 

 

Table 4: Factors associated with incomplete coverage by 12 months of age 
 

Variable  Univariable OR (95 

% CI) 

p-value Multivariable 

OR (95% CI) 

p-value 

HIV exposure status HIV-unexposed 

[Ref]1 

1 — 1 — 

 HIV-exposed 1.26(0.72 - 2.11) 0.402 2.92(1.06 - 8.03) 0.036 

Sex Male [Ref] 1 —   

 Female 0.80(0.52 - 1.23) 0.307   

Age (months)  0.77(0.67 - 0.87) <0.001 0.62(0.49 - 0.76) <0.001 

Crèche attendance No [Ref] 1 — 1 — 

 Yes 0.55(0.32 - 0.90) 0.021 0.94(0.26 - 3.05) 0.922 

Maternal age (years)  0.99(0.97 - 1.02) 0.684 0.99(0.93 - 1.06) 0.765 

SES High [Ref] 1 — 1 — 

 Low 0.56(0.25 - 1.25) 0.154 0.88(0.22 - 3.49) 0.848 

 Low-middle 0.17(0.03 - 0.65) 0.024 0.14(0.01 - 1.26) 0.121 

 Upper-middle 0.97(0.51 - 1.92) 0.927 0.82(0.26 - 2.72) 0.742 

Maternal age category <18 [Ref] 1 —   

 >18 1.47(0.25 - 27.95) 0.722   

Maternal Education Basic [Ref] 1 —   

 Primary 1.26(0.21 - 10.13) 0.804   

 Secondary 1.45(0.39 - 9.44) 0.629   

 Tertiary 1.20(0.13 - 11.54) 0.867   

Highest grade 

completed 

 1.04(0.90 - 1.22) 0.580   

Timely Dose 1 Delayed [Ref] 1 — 1 — 
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 Timely 0.16(0.08 - 0.31) <0.001 0.08(0.02 - 0.25) <0.001 

   1Reference category 

 

Factors found to decrease the odds of delayed uptake of HepB3 in the univariable model included crèche 

attendance (OR: 0.44, p=0.004). In the multivariable model, crèche attendance remained a protective factor 

(OR: 0.31, p= 0.005), while participants age in months (OR:1.02, p=0.014) increased the odds of delayed 

vaccine uptake. 

Table 5: Factors associated with delayed uptake of the 3rd dose of the hepatitis B vaccine 
 

Variable  Univariable 

OR (95 % CI) 

p-value Multivariable 

OR (95% CI) 

p-value 

HIV exposure status 
HIV-unexposed [Ref] 1 — 1 — 

 HIV-exposed 0.65(0.32 - 1.23) 0.209 0.55(0.23 - 1.21) 0.162 

Sex Male [Ref] 1 —   

 Female 0.76(0.47 - 1.20) 0.243   

Age (months)  1.01(1.00 - 1.01) 0.085 1.02(1.00 - 1.03) 0.014 

Crèche attendance No [Ref] 1 — 1 — 

 Yes 0.44(0.24 - 0.75) 0.004 0.31(0.13 - 0.67) 0.005 

SES High [Ref] 1 — 1 — 

 Low 0.80(0.35 - 1.89) 0.609 0.69(0.26 - 1.84) 0.449 

 Low-middle 0.58(0.18 - 1.66) 0.319 0.44(0.12 - 1.47) 0.198 

 Upper-middle 0.79(0.38 - 1.72) 0.530 0.78(0.35 - 1.86) 0.564 

Maternal age (years)  1.01(0.98 - 1.04) 0.634 1.01(0.97 - 1.05) 0.704 

Maternal age category <18 years [Ref] 1 —   

 >18 years 0.54(0.10 - 3.94) 0.482   

Maternal Education Basic [Ref] 1 —   

 Primary 1.38(0.28 - 7.94) 0.695   

 Secondary 0.80(0.23 - 3.69) 0.749   

 Tertiary 0.75(0.08 - 5.69) 0.781   

Highest grade completed  0.90(0.78 - 1.04) 0.142 0.92(0.76 - 1.12) 0.421 
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Discussion 

This study provides important insights into hepatitis B vaccine coverage, timeliness, and the burden of HBV 

infection among CLWH, HEU, and HUU children in the Western Cape province of South Africa. Previous 

studies conducted in South Africa have typically focused on the hepatitis B vaccine coverage or the disease 

burden in the general population and have not specifically looked at hepatitis B vaccine timeliness among HIV-

exposed children (both infected and uninfected) compared to their unexposed counterparts (39, 46, 47). To the 

best of our knowledge, this study is the first of its kind to compare the hepatitis B vaccine coverage rates, 

timeliness, and burden of HBV infection among a population of CLWH, HEU, and HUU children in South 

Africa. Our findings highlight key disparities in vaccine uptake and immunity among these groups, emphasizing 

the need for targeted interventions to improve hepatitis B prevention efforts in high-risk populations like HIV-

exposed children. 

Low hepatitis B vaccine coverage and timeliness among HIV-exposed children 

The overall hepatitis B vaccine coverage rate in this study was 80.4% and varied across subgroups: 86.7% 

among CLWH, 77.0% among HEU and 80.9% among HUU children. These coverage rates are comparable to 

the national coverage rate of 78.8% reported in 2023 (48). More specifically, the coverage rate in the years the 

participants were sampled (2012-2016) ranged from 86.1% in 2012 to 84.4% in 2016 (48). The overall 

coverage rate in our study aligns closely with both the national coverage rates during the sampling period and 

the current 2023 estimate. However, hepatitis B vaccine coverage was suboptimal across all groups, with a 

decline in coverage observed as the vaccine schedule progressed. The coverage rates for the third dose across 

all subgroups fall short of the 90% coverage target set by the WHO GHSS to eliminate viral hepatitis as a public 

health threat by 2030 (19). 

Our study found lower hepatitis B vaccine coverage rates for the third dose compared to the first dose. This 

aligns with prior studies conducted in African countries and other low- and middle-income settings, 

demonstrating declining vaccine coverage rates for later doses in multi-dose vaccine series (49-51). An analysis 

across 47 African countries showed a decline in HepB3 coverage compared to the first dose, with a sharp decline 

observed in countries that administer the vaccine at 6, 10 and 14 weeks (49). For example, in Côte d’Ivoire, 

coverage dropped from 74% to 58%, while Liberia reported a decline from 80% to 53%, highlighting challenges 

in completing the vaccine schedule (49). Similarly, a study in Ethiopia (50) reported declining coverage rates 

for the pentavalent (DTP-HepB-Hib) doses, although the third-dose coverage was slightly higher (92.6%) 

compared to that reported in our study (80.4%). This higher coverage may be because they assessed coverage 

up to 23 months of age, allowing more time for children to catch-up on missed doses, thereby increasing overall 

coverage rates. In addition, a study conducted in Tanzania (51) reported a decline in coverage from the first to 

the third pentavalent dose, with coverage dropping from 79.4% for dose 1 to 72.8% for dose 3. This disparity 

may be due to a lack of access to immunization services, as the study included a significant proportion of 

children from rural areas who experienced longer delays in vaccine uptake. 
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The timeliness of vaccine administration also revealed critical gaps, particularly among CLWH, who 

experienced the highest median delay for HepB3 (11.3 weeks). This aligns with previous studies (52, 53) 

indicating that CLWH are more likely to experience delays in routine immunizations, potentially due to frequent 

healthcare visits for HIV care that disrupt adherence to standard immunization schedules. Delayed vaccination 

places children at prolonged risk of HBV infection, highlighting the need for interventions such as providing 

integrated healthcare services, promoting caregiver education on the importance of timely vaccination, and 

improved record keeping at crèches to ensure timely vaccine uptake, particularly in high-risk populations. 

Factors influencing vaccine uptake and timeliness in this study included socio-economic status, timely uptake 

of dose 1, HIV-exposure status and crèche attendance. Children who attended crèche had higher odds of 

receiving timely vaccinations, possibly due to caregiver awareness and institutional immunization requirements. 

In South Africa, school entry regulations require parents to present proof of immunization when enrolling their 

children in public schools (54), which may contribute to higher third-dose coverage rates observed in our study. 

However, a child will not be excluded from school enrolment if they are not fully immunized. In the Western 

Cape, the education policy stipulates that in such cases, parents must write to the Head of the Education 

Department to secure admission (55). These measures tend to enhance parental adherence with the EPI schedule. 

This underscores the potential role of national health and educational policies, and the importance of early 

childhood education centres in improving vaccine uptake and timeliness. A systematic review assessing the 

impact of school vaccination policies on coverage rates reported that vaccination mandates for schoolchildren 

increased coverage, with a greater effect observed in regions where baseline vaccination rates were low (56). 

Strengthening the implementation of educational policies is essential to enhance adherence to the full 

immunization schedule particularly for HIV-exposed children. Furthermore, to improve vaccine uptake, 

interventions such as SMS reminders for caregivers has been associated with higher rates of complete coverage 

(57, 58). We also found that delays in the uptake of the first dose was associated with reduced dose completion 

rates by 12 months of age. This underscores the need to target at-risk populations that could benefit from 

adherence monitoring to ensure timely administration of subsequent doses. Strengthening health education 

during antenatal care (ANC) visits, promoting continuous use of healthcare services, and increasing community 

involvement, particularly among women living with HIV, could further improve vaccine timeliness and 

adherence. 

Hepatitis B virus infection and immunity gaps 

The prevalence of HBV infection in this study was low, with only two participants testing positive for HBsAg. 

This low prevalence is consistent with findings from other studies in sub-Saharan Africa (8, 59, 60), which have 

attributed the decline in childhood HBV prevalence to the widespread implementation of routine infant hepatitis 

B immunization programs. However, the presence of isolated anti-HBc positivity in some participants raises 

concerns about maternal exposure and risk of MTCT, occult HBV infection and the potential for underdiagnosis. 

Given the age of the participants and the absence of detectable HBV DNA, it is possible that the anti-HBc 
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detected among study participants was a result of transplacental transfer from an infected mother to child and 

would need further investigation (61). 

Despite relatively high vaccine coverage rates, immunity levels differed significantly across HIV strata. 

Protective anti-HBs levels were significantly lower among CLWH (36.8%) compared to HEU (62.2%) and 

HUU (71.0%). This is consistent with previous studies (34-36), indicating that individuals living with HIV 

often exhibit suboptimal vaccine-induced immune responses due to immune dysregulation. Furthermore, the 

waning immunity observed among HIV-exposed children suggests a need for booster doses or targeted 

revaccination strategies to maintain long-term protection against HBV infection. Fortunately, the current South 

African EPI schedule includes a fourth dose of the hepatitis B vaccine at 18 months as part of the hexavalent 

vaccine. Given that hepatitis B immunity wanes over time and that CLWH in this study were relatively older, 

increasing uptake of the fourth dose at 18 months of age could enhance long-term protection in this vulnerable 

group (6, 35, 62). These findings highlight the need for comprehensive, targeted public health interventions and 

guidelines. This includes enhancing antenatal screening for HBV infection (59) particularly among pregnant 

women living with HIV and ensuring timely birth-dose vaccination for their exposed newborns, followed by 

completion of all four doses of the hepatitis B vaccine as per the South African EPI schedule. In addition, at-

risk groups like CLWH should be screened for missed vaccinations during routine healthcare visits and caught- 

up with the schedule to enhance hepatitis B immunity. 

Implications for public health policy and implementation 

Our findings have significant implications for public health policy and implementation. First, the observed 

delays in hepatitis B vaccination among HIV-exposed children underscore the need for enhanced immunization 

tracking and reminder systems. Second, the lower levels of vaccine-induced immunity among CLWH and HEU 

children highlight the need for further research to enhance our understanding of the need for serological 

monitoring, or targeted vaccination strategies. Finally, the introduction of the HepB-BD in South Africa presents 

a critical opportunity to further reduce the burden of perinatal HBV transmission. While the selective birth-dose 

strategy targeting infants born to HBV-infected mothers is a step forward, a universal birth-dose policy may be 

more effective in closing immunity gaps and preventing early childhood HBV infection. 

Strengths and limitations of this study 

This study is the first of its kind to compare hepatitis B burden and vaccination history among CLWH, HEU 

and HUU participants in South Africa, providing critical evidence for further exploration in larger prospective 

studies. A key strength of this study is the availability of reliable vaccination records through participants’ 

RTHCs, as few studies are able to confirm vaccination history using reliable clinical records and thus often 

depend on caregiver recall. The findings of this study should be considered in light of some limitations. The 

reliance on secondary data may have introduced selection bias, while the retrospective nature of the study and 

the absence of data on maternal HBV vaccination and infection status limits our ability to fully assess the risk 

of vertical transmission. Additionally, due to the possibility of maternal HIV seroconversion during pregnancy 
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or breastfeeding, some children classified as HUU may, in fact, have been HEU, particularly since maternal 

HIV testing was conducted during pregnancy. The relatively small sample size of CLWH, although a reflection 

of the success of HIV eMTCT programs in South Africa, may have reduced the statistical power to detect 

associations within this subgroup. Lastly, we did not assess the seroprevalence of acute HBV infection based 

on detection of anti-HBc IgM. Future research should explore longitudinal assessments of hepatitis B 

immunity in HIV-exposed children to better understand the durability of vaccine-induced protection and the 

potential need for targeted interventions, while also improving representativeness across rural and urban 

populations and including healthy, HIV-unexposed children. 

Conclusions 

This study highlights disparities in hepatitis B vaccine uptake, timeliness and immunity among HIV-exposed 

and unexposed children in South Africa. The findings underscore the need for targeted interventions to improve 

vaccine coverage and timeliness, particularly among CLWH. Given the lower levels of protective immunity 

observed in HIV-exposed children, enhanced vaccination strategies may be necessary to ensure long-term 

protection. Additionally, the introduction of the selective HepB-BD in South Africa should be carefully 

evaluated to determine its reach and impact on closing immunity gaps in high-risk populations. Strengthening 

immunization programs through improved caregiver education, health system integration, and innovative 

reminder systems will be crucial for achieving hepatitis B elimination targets in South Africa. 
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PART B: Appendices 

 

Appendix 1: Research Protocol 

Hepatitis B virus infection and vaccine coverage among children living with HIV, HIV-exposed 

uninfected, and HIV-unexposed uninfected children in the Western Cape, South Africa 

Introduction 

Globally, hepatitis B prevalence rates vary (Figure 1) with an estimated 245 million individuals living with HBV 

infection and 1.1 million HBV-associated deaths reported in 2022 (1). Chronic HBV infection can lead to 

hepatitis, cirrhosis, or hepatocellular carcinoma (2). The age at which HBV infection occurs plays a crucial role 

in disease outcomes, with infections occurring during infancy or childhood carrying a higher risk of chronic 

complications compared to those acquired during adulthood (3). Around one in four people with chronic 

hepatitis B will develop cirrhosis or liver cancer (4). The mortality rates of HBV-related liver cirrhosis exhibit 

geographical variation (5). In 2019, an estimated 331,000 deaths were attributed to HBV-related liver cirrhosis 

and chronic liver disease (6). Additionally, an estimated 192,000 deaths due to HBV-related liver cancer were 

recorded in the same year (6). 

 

 

Figure 1: Global distribution of chronic hepatitis B prevalence in 2022 
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In 2019, the global prevalence of HBV surface antigen (HBsAg), a marker of acute or chronic HBV infection, 

among infants and children under 5 years of age was 1% (5). The highest prevalence among children under 5 

was observed in the African region at 2.7%, while the lowest prevalence was in the Americas at 0.1% (5). A 

study conducted in South Africa, comparing pre- and post-HBV vaccine introduction in children and adults aged 

1 to 25 years, demonstrated a decline of 2.8% in HBsAg prevalence and a 44% increase in HBV immunity (7). 

Despite the decreasing prevalence of HBV infection in children, vertical transmission of HBV remains a concern 

(8). 

Globally, 7.6% of people living with HIV are co-infected with HBV (9). In South Africa, approximately 7.4% 

of people are co-infected with HIV and HBV (9). This co-infection significantly elevates the risk of perinatal 

HBV transmission and contributes to a more severe progression of chronic hepatitis B (10). Despite these 

significant implications, there remains a gap in understanding the prevalence of viral hepatitis among people 

living with HIV. 

The national HIV Vertical Transmission Prevention program recommends routine HIV testing for all pregnant 

women whose HIV status is unknown or negative, along with rapid initiation of lifelong antiretroviral therapy 

in all women newly diagnosed with HIV (8). This initiative has resulted in a growing population of HIV-exposed 

uninfected (HEU) children. In 2018, it was reported that 21.6% of children under 15 years old were categorized 

as HEU (11, 12). It has been demonstrated that children exposed to HIV show a lower antibody response to 

HBV vaccination compared to children unexposed to HIV (13). This increases the susceptibility of HIV-exposed 

children to HBV transmission, especially in the presence of elevated viral DNA levels in HBV/HIV co-infected 

mothers not on treatment (14). However, there is limited understanding of the disease burden in HEU children 

compared to children living with HIV (CLWH). 

The Global Health Sector Strategy (GHSS) on viral hepatitis, introduced in 2016 by the World Health Assembly, 

aims to eliminate viral hepatitis as a public health threat by 2030 (15). This includes reducing hepatitis-related 

deaths by 65%, new chronic HBV and HCV infections by 90%, and achieving a hepatitis B third dose vaccine 

coverage of 90% (15). To meet the targets of eliminating viral hepatitis, an expansion of interventions aimed at 

preventing transmission, coupled with increased testing and treatment efforts to mitigate the consequences of 

infections, are necessary (15, 16). 

Hepatitis B immunization is crucial for eliminating the disease as a public health threat (17). In 2015, global 

hepatitis B vaccine coverage among infants reached 84% (18), which was close to the 2022 and 2030 targets 

(90% coverage), outlined in the GHSS. However, there are geographical disparities in coverage across World 

Health Organization (WHO) regions (17). The Western Pacific (90%), Americas (89%), and Southeast Asia 

(87%) regions reported the highest coverage in 2015, approaching the GHSS target (17). Conversely, the 

European (81%), Eastern Mediterranean (80%), and African (75%) regions had the lowest coverage rates (17). 

Low coverage of hepatitis B vaccine birth-dose is particularly concerning, as individuals with HBV infections 

acquired at birth represent the majority of chronic liver disease cases later in life (18). Timely administration of 
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the birth-dose (within 24 hours of birth) of the hepatitis B vaccine is crucial for preventing vertical transmission 

of HBV (19). In the WHO African region, the limited availability of hepatitis B birth-doses is concerning, with 

only 15 out of 47 countries having introduced routine hepatitis B birth-dose vaccination programs (20). In 2022, 

hepatitis B birth-dose coverage in the WHO African region stood at a mere 18% (21), indicating a significant 

gap in protecting newborns against this vaccine preventable disease. With GAVI support, it is anticipated that 

more countries within the region will introduce the birth-dose although scaling up coverage remains a 

challenge. This issue is particularly concerning in South Africa, where infants born to mothers with HBV are 

at risk of vertical transmission in the absence of a universal hepatitis B birth-dose vaccination program. 

Addressing the low coverage of hepatitis B birth-dose vaccination is critical to advancing progress toward the 

targets set by the GHSS. 

To prevent long-term complications of chronic hepatitis B and mitigate further transmission, improving HBV 

diagnosis and enhancing access to care are necessary (22). Simultaneously, ongoing efforts should focus on 

enhancing vaccination coverage and timeliness which are crucial to eliminating HBV infection as a public health 

threat. In South Africa, the hepatitis B vaccine was incorporated into the national Essential Program on 

Immunization (EPI) schedule in 1995, administered at weeks 6, 10, and 14 (23). Until recently, the country has 

not had a hepatitis B birth-dose vaccination program in place. In January 2024, the National Department of 

Health rolled out a selective hepatitis B birth-dose vaccination program, targeting exposed newborns. The high 

burden of HBV/HIV co-infections in South Africa presents additional challenges to national viral hepatitis 

elimination efforts. To the best of our knowledge, data on HBV prevalence among the growing population of 

HEU compared to HIV-unexposed uninfected (HUU) children in South Africa also remains limited. Therefore, 

we aim to investigate vaccine coverage and HBV infection among CLWH, HEU, and HUU children to better 

inform current policy and practice in South Africa. 

 

Problem Statement 

The dearth of research on the burden of HBV infections among CLWH and HEU children in South Africa 

hinders the capacity to implement effective and tailored interventions. This knowledge gap directly impacts the 

goal of eliminating viral hepatitis as a public health threat, as outlined by the GHSS. To effectively reach the 

targets set by the GHSS, it is essential to understand the vaccine coverage rates and burden of hepatitis B among 

these high-risk populations. By addressing these knowledge gaps, public health strategies can be designed to 

meet the specific needs of CLWH and HEU populations, ultimately advancing progress toward the elimination 

of viral hepatitis as a significant public health concern. 
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Research Questions 

This study seeks to address the following research questions: 

1. How do hepatitis B vaccine coverage rates and timely uptake among CLWH and HEU differ from that 

among HUU children? 

2. How does the burden of HBV infection among CLWH and HEU differ from that among HUU children? 

3. What are the determinants of hepatitis B vaccine coverage and timely uptake among CLWH, HEU, and 

HUU children? 

 

Aim 

To describe the coverage and timely uptake of routine infant hepatitis B vaccination and the burden of HBV 

infection among CLWH, HEU, and HUU children in South Africa. 

 

 

Objectives 

1. To assess the coverage and timely uptake of the hepatitis B vaccine among CLWH, HEU, and HUU 

children in Western Cape, South Africa. 

2. To determine the prevalence of HBV infection among CLWH, HEU, and HUU children in Western 

Cape, South Africa. 

3. To explore factors associated with the completion and timely uptake of recommended hepatitis B 

vaccine doses among CLWH, HEU, and HUU children in Western Cape, South Africa. 

 

Methods 

a. Study design 

We will adopt a retrospective cross-sectional study design, utilising a convenient sample of sera obtained from 

children during a parent study conducted between 2012 and 2016 (24). This parent study, conducted in health 

facilities in the Western Cape, focused on investigating the incidence of pertussis in South African children who 

presented with mild to severe lower respiratory tract infections (24). 

For the purpose of the current study, clinical, demographic, and socio-economic records from 671 participants, 

and 535 archival sera (serum samples) which were collected from children aged 27 days to 12 years will be 

assessed. 

b. Sample size 

There are 671 participant data available for this secondary data analysis, with an estimated minimum of 330 

children's records expected to meet the inclusion criteria. 
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The sample size of 330 was calculated using the following formula: 

𝑛 = 
𝑝(1−𝑝)(1.96)2 

𝑑2 where p is the expected proportion and d is the precision. 

HBV: 

p= 85.3 %, The 2022 national immunization coverage for the third dose of the hepatitis B vaccine in South 

Africa 

d= 3.8%, The prevalence of hepatitis B infection in children under 5 years of age in 2019 (25). 

c. Inclusion criteria:

• Secondary data (laboratory, clinical, demographic, and socio-economic records) from children under the age

of 13 who were admitted to Red Cross War Memorial Children’s Hospital for lower respiratory tract infections 

between 07 September 2012 to 06 September 2013 will be included in this study. 

• Only participants whose caregivers consented to having their samples undergo additional testing will be

included to address Objective 2. 

Exclusion criteria3: 

• Non-availability of Road-to-Health Cards (RTHCs)

• Ineligible for hepatitis B vaccine

• Non-Availability of Case Report Forms (CRFs)4

d. Data collection

Variables such as hepatitis B vaccination history, including the number of doses received and age at vaccination, 

will be retrieved from RTHCs. Results from hepatitis B serological testing will be collected, encompassing three 

key markers: HBsAg, anti-HBs, and anti-HBc. Briefly, serum samples were tested for these three markers using 

Elecsys® test kits, and serological assays were performed on the Cobas® 6000 analyser series (Roche 

Diagnostics, Germany). HBsAg serves as an indicator for acute and chronic HBV infection, anti-HBs signifies 

immunity from vaccination or previous acute infection that resolved, and anti-HBc is indicative of exposure to 

HBV. Additionally, socio-demographic and economic data, such as participant and maternal age, maternal 

education, and socio-economic status (SES), will be extracted from the parent study research database (Table 

1). 

3 For Objective 2 of the study, the non-availability of RTHCs and ineligibility for the hepatitis B vaccine will not apply. 
4 A template of the CRF used in data collection is provided in Appendix 2. 
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Table 1: Participant and caregiver variables extracted from the parent study 
 

  

Type 

 

Scale 

 

Categories/units 

Participant Demographics    

Age Numerical Continuous Months 

Sex Categorical Binary Male, Female 

Race Categorical Polytomous Black, Coloured, 

Asian/Indian or White 

HIV exposure status Categorical Binary Exposed, Unexposed 

HIV status Categorical Polytomous Positive, negative, 

unknown 

Number  of  hepatitis  B 
doses 

Numerical Discrete  

HBsAg titre Numerical Continuous mIU/mL 

Anti-HBs titre Numerical Continuous mIU/mL 

Anti-HBC titre Numerical Continuous mIU/mL 

Caregiver Demographics 
   

Age Numerical Continuous Years 

Highest grade Numerical Discrete Grade 

Education1 Categorical Binary Primary, secondary, tertiary 

Socio-economic status2 Categorical Polytomous High, low, upper-middle, 

lower-middle, unknown 

1Education was defined according to the South African school system as follows: primary (grades 1-7), secondary 

(grades 8-12) and tertiary (higher education). Basic education is a combination of primary and secondary school (grades 

1-12). 
2Socio-economic status was categorized into quartiles based on a validated weighted composite score that included 

maternal asset ownership, employment, and education. 

 

 

e. Outcomes of interests 

This study aims to establish a baseline for further research on hepatitis B vaccine coverage, timely uptake, and 

the burden of hepatitis B among CLWH and HEU children, comparing them to their HUU counterparts in 

South Africa. 

The evidence will play a crucial role in highlighting gaps in our current understanding of vaccine coverage, 

timeliness, and HBV infection among high-risk populations, particularly CLWH and HEU. Our goal is to 

contribute robust evidence needed to inform the prioritization of viral hepatitis elimination efforts among 

CLWH and HEU children in the South African context. 

f. Data analysis 

Descriptive data including participant demographics will be presented in a table. Numerical data will be analysed 

using either the mean (standard deviation) or median (interquartile range) depending on the distribution. 

Categorical variables will be described using proportions as percentages. Statistical tests, including Kruskal- 

Wallis tests, will be used to analyse associations between numerical data. For categorical variables, associations 

will be assessed using Chi-square or Fisher’s exact tests, as appropriate. To assess hepatitis B vaccine coverage 
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rates among CLWH, HEU and HUU children, the study will examine the proportions of participants who 

received age-specific hepatitis B vaccine doses by 12 months of age. Timely uptake of the hepatitis B vaccine 

will be calculated as the difference in the actual date and expected date of receipt of the age-specific 

immunization. The coverage and timeliness will be assessed for participants who are age eligible for the hepatitis 

B vaccine at weeks 6, 10 and 14. The prevalence of HBV infection will be determined based on the presence of 

HBsAg within each subgroup. Factors influencing the (in)complete5 and (un)timely6 administration of HBV 

vaccination will be assessed using logistic regression analyses, with binary outcomes incomplete/complete and 

delayed/timely administration. All statistical analyses will be conducted using R version 4.3.0 and R studio 

version 2024.04.02+764 (30). Where hypothesis testing has been done, significance level will be set at a two- 

tailed P<0.05. 

g. Risks and benefits 

This retrospective cross-sectional study poses no harm or threat to any participants, given that there will be no 

direct human participation. The advancement of knowledge has the potential to benefit both the Western Cape 

Department of Health and the national health sector at large. The findings of this study can inform policies aimed 

at enhancing vaccine coverage and addressing the burden of viral hepatitis in South Africa, thereby contributing 

to the overall improvement of public health initiatives. 

h. Study limitations 

This study relies on data collected from health facilities in Cape town, Western Cape province, South Africa, 

limiting generalisability of the study findings. Using a hospital-based population may introduce biases due to 

differing risk profiles and health-seeking behaviours compared to the general population. Methodological 

limitations also need to be acknowledged, including the modest sample size and the retrospective design of the 

study, which relies on samples collected between 2012 and 2016. This time frame may not accurately reflect the 

current South African context in terms of the burden of disease in the paediatric population or advancements in 

the prevention of mother-to-child transmission of HIV and how this has impacted vertical transmission rates. 

Consequently, caution is advised when interpreting the study findings. It is important to note that inaccuracies 

may be introduced due to missing or incomplete data from the research database of the parent study. 

 

 

 

5Dose completion (completeness) will be defined as receiving all three scheduled doses of hepatitis B vaccine at 14 

weeks (+4 weeks) of age 26.Chiabi A, Nguefack FD, Njapndounke F, Kobela M, Kenfack K, Nguefack S, et al. Vaccination of 

infants aged 0 to 11 months at the Yaounde Gynaeco-obstetric and pediatric hospital in Cameroon: how complete and how timely? 

BMC pediatrics. 2017;17:1-7. 

 
6Timeliness will be defined as receiving the vaccine less than 5 days before and 28 days after the recommended age 

administration, as reported in previous studies 27.Blose N, Amponsah-Dacosta E, Kagina BM, Muloiwa R. Descriptive analysis 

of routine childhood immunisation timeliness in the Western Cape, South Africa. Vaccine: X. 2022;10:100130, 28.Mthiyane T, Walaza 

S, Cohen C, Norris S, Tempia S, Cohen A, et al. Factors associated with missed and delayed DTP3 vaccination in children aged 12-59 

months in two communities in South Africa, 2012-2013. South African medical journal. 2019;109(8):562-9, 29.Laryea DO, 

Abbeyquaye Parbie E, Frimpong E. Timeliness of childhood vaccine uptake among children attending a tertiary health service facility- 

based immunisation clinic in Ghana. BMC public health. 2014;14:1-5. Any administration beyond this time period will be 

classified as delayed. 
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i. Privacy and confidentiality 

To maintain confidentiality, the study will refrain from collecting any personal identifiable data, such as names. 

Instead, each participant will be assigned a unique identification number. All participant data will be securely 

stored and backed up in a database accessible only to the primary researcher and the supervisors overseeing this 

study. 

j. Dissemination 

The anticipated study outcomes will be disseminated via publication in an internationally accredited journal 

Vaccine. Additionally, the findings will be disseminated at various workshops and conferences, including the 

Annual African Vaccinology Course hosted by the Vaccines for Africa Initiative. These dissemination efforts are 

designed to actively contribute to the expansion and reinforcement of strategies aimed at eliminating viral 

hepatitis in South Africa. 

Expected significance of the study 

The purpose of the study is to assess hepatitis B vaccine coverage rates, timely uptake, and the burden of hepatitis 

B, along with describing the socio-economic and demographic determinants associated with the coverage and 

timely uptake of the hepatitis B vaccine among CLWH and HEU children compared to their HUU counterparts. 

This evidence can be used to inform and shape policies and interventions with a particular focus on improving 

vaccine coverage rates and effectively addressing and mitigating the impact of hepatitis B within these specific 

populations. This is in line with global efforts to eliminate viral hepatitis as a global public health threat by 2030. 

Ethical approval 

Ethics approval for the parent study has been secured from the University of Cape Town Human Research Ethics 

Committee (HREC) [HREC Reference Number: 371/2011]. Ethics clearance to utilise secondary data and 

archived sera collected during the parent study as part of the primary researcher's MPH degree will be sought 

from the School of Public Health Departmental Research Committee (DRC), and HREC. 
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Study timeline 

Table 2: Timeline for proposed study 
 

 

Research activities 

2023 2024 2025 

Q1 Q1 Q2 Q3 Q4 Q1 Q2 

Protocol development        

DRC and HREC submission        

Data extraction and entry        

Data analysis        

Manuscript Write-up phase        

Mini-dissertation submission        
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Appendix 2: Template of Case Report Form 
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Appendix 3: Baseline Characteristics 

Table 6: Participant and caregiver baseline characteristics for entire cohort (N = 671) 

 

Characteristic 
Total, 
n= 671 

CLWH, 
n= 20 

HEU, 
n=93 

HUU, 
n=398 

HIV-E, 
n=9 

HIV-U, 
n= 151 

   n(%) or Median    

Participant 

demographics 

      

Sex       

Female 311 9 40 187 3 72 
 (46.3) (45.0) (43.0) (47.0) (33.3) (47.7) 

Male 360 11 53 211 6 79 
 (53.7) (55.0) (57.0) (53.0) (66.7) (52.3) 

Age (months)       

 13.2 20.4 10.8 11.1 7.2 31.1 

(4.8, (9.3, (4.8, (4.8, (3.6, (9.3, 

40.6) 65.1) 20.4) 28.8) 15.6) 70.4) 

Race       

Black 384 18 88 223 6 49 
 (57.2) (90.0) (94.6) (56.0) (66.7) (32.5) 

Coloured 268 2 4 162 1 99 
 (39.9) (10.0) (4.3) (40.7) (11.1) (65.6) 

White 1(0.1) 0 0 1(0.3) 0 0 

Indian/Asian 1(0.1) 0 0 1(0.3) 0 0 

Unknown 17 0 1 11 2 3 

 (2.5)  (1.1) (2.8) (22.2) (2.0) 

Crèche 1       

Yes 193 10 24 104 4 51 
 (28.8) (50.0) (25.8) (26.1) (44.4) (33.8) 

No 473 10 68 291 5 99 
 (70.5) (50.0) (73.1) (73.1) (55.6) (65.6) 

Unknown 5 0 1 3 0 1 
 (0.7)  (1.1) (0.8)  (0.7) 



PART B 

44 

 

 

 
Caregiver demographics 

      

Age (years)       

 29.1 

[24.5, 
34.7] 

28.9 

[26.5, 
33.4] 

31.8 

[26.4, 
34.7] 

28.3 

[23.9, 
33.9] 

33.4 

[28.6, 
37.3] 

29.6 

[24.6, 
37.6] 

Education 

Basic education 

Primary 

Secondary 

Tertiary 

Unknown 

 

18 

(2.7) 

30 

(4.5) 

596 

(88.8) 

15 

(2.2) 

12 
(1.8) 

 

0 

0 

 

20 

(100.0) 

0 

0 

 

2 

(2.2) 

5 

(5.4) 

85 

(91.4) 

1 

(1.1) 

0 

 

10 

(2.5) 

18 

(4.5) 

354 

(88.9) 

9 

(2.3) 

7 
(1.8) 

 

2 

(22.2) 

1 

(11.1) 

6 

(66.7) 

0 

0 

 

4 

(2.6) 

6 

(4.0) 

131 

(86.8) 

5 

(3.3) 

5 
(3.3) 

Socio-economic IQR 

High 

Low 

Lower-middle 

Upper-middle 

Unknown 

 

 

76 

(11.3) 

120 

(17.9) 

49 

(7.3) 

263 

(39.2) 

163 

(24.3) 

 

 

2 

(10.0) 

4 

(20.0) 

0 

11 

(55.0) 

2 

(10.0) 

 

 

11 

(11.8) 

21 

(22.6) 

3 

(3.2) 

38 

(40.9) 

7 

(7.5) 

 

 

47 

(11.8) 

72 

(18.1) 

35 

(8.8) 

182 

(45.7) 

26 

(6.5) 

 

 

0 

2 

(22.2) 

1 
(11.1) 

3 

(33.3) 

3 

(33.3) 

 

 

16 

(10.6) 

21 

(13.9) 

10 

(6.6) 

29 

(19.2) 

75 

(49.7) 

                1Preschool, Kindergarten, Nursery 
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Appendix 4: Age-appropriate vaccine timeliness and delay by HIV strata at 6, 10, and 14 weeks 
 

Age Total1        Timeliness of vaccination  

n (%) 

      

    
CLWH 

   
HEU 

    
HUU 

                  p- value2 

   

 

n 

 

 

Early 

 

 

Timely 

 

 

Delayed 

Delay in 

weeks 

Median 

[IQR] 

 

 

n 

 

 

Early 

 

 

Timely 

 

 

Delayed 

Delay in 

weeks 

Median 

[IQR] 

 

 

n 

 

 

Early 

 

 

Timely 

 

 

Delayed 

Delay in 

weeks 

 
Median 

 [IQR] 

 

 

Dose 1 

 

557 

 

16 

 

0 

 

15 

(93.8) 

 

1 

(6.3) 

4.3 

[4.3, 

4.3] 

 

77 

 

0 

 

73 

(94.8) 

 

4 

(5.2) 

11.1 

[10.0, 

11.3] 

 

345 

 

9 

(2.6) 

 

307 

(89.0) 

 

29 

(8.4) 

6.4 

[5.3, 

9.9] 

 

0.618 

 

Dose 2 

 

507 

 

14 

 

0 

 

12 

(85.7) 

 

2 

(14.3) 

9.8 

[7.5, 

12.0] 

 

69 

 

2 

(2.9) 

 

56 

(81.2) 

 

11 

(15.9) 

11.6 

[6.7, 

13.2] 

 

312 

 

7 

(2.2) 

 

267 

(85.6) 

 

38 

(12.2) 

7.9 

[5.3, 

10.1] 

 

0.813 

 

Dose 3 

 

440 

 

13 

 

0 

 

10 

(76.9) 

 

3 

(23.1) 

11.3 

[9.6, 

13.0] 

 

59 

 

2 

(3.4) 

 

48 

(81.4) 

 

9 

(15.3) 

6.9 

[5.2, 

20.0] 

 

269 

 

6 

(2.2) 

 

205 

(76.2) 

 

58 

(21.6) 

6.7 

[5.2, 

10.0] 

 

0.727 

                 1This total includes participants with known HIV exposure but unknown infection status and who are HIV unexposed with unknown infection status. 
          2The p-value represents the association between early, timely, and delayed vaccination across the exposure groups. 
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Appendix 6: Vaccine journal author guidelines 

Introduction 

Vaccine publishes high quality science across all disciplines relevant to the field of vaccinology - all original article submissions across 

basic and clinical research, vaccine manufacturing, history, public policy, behavioral science and ethics, social sciences, safety, and 

many other related areas are welcomed. 

Types of paper 

Vaccine publishes primary research papers, review articles, short communications, conference reports and letters on the following topics: 

• Basic Science Review 

• Clinical Science Review 

• Commentary/Editorial 

• History of Vaccinology 

• Human Fungal/Parasite/Other Vaccines 

• Human Non-Infectious Disease Vaccines (cancer, allergy, other) 

• Human Viral Vaccines: Basic Research 

• Letter to the Editor 

• Novel Pathogen Vaccines (Biodefense/High Consequence Pathogens/Emerging Diseases) 

• Vaccine Acceptance/Hesitancy 

• Vaccine Basic Science (Immunology/Animal Models) 

• Vaccine Ethics 

• Vaccine Manufacturing and Bioprocessing 

• Vaccine Operational Research (Evaluation/Epidemiology/Informatics/Models /Big Data and Analytics) 

• Vaccine Policy Legislation/Economics/Digital Health) 

• Vaccine Regulatory Science (Implementation/Guidelines/Public Health) 

• Vaccine Safety Science 

• Vaccine Technology (Vectors/Adjuvants/Delivery Systems/Nanotechnology) 

• Veterinary Bacterial Vaccines 

• Veterinary Fungal/Parasite/Other Vaccines 

• Veterinary Viral Vaccines 

• Visual Vaccinology 

For more specific guidelines for each article type please go to: Article Type - Guidelines 

Vaccine also welcomes Review articles thoughtful Opinion pieces and Commentaries on topics of interest to the readership of the 

journal. Authors should contact the Editor-in-Chief Dr. Gregory Poland via jvac@elsevier.com, before preparing Opinion 

pieces or Commentaries in order to solicit approval to submit. 

Although Review articles do not require pre-submission approval before submission, authors who wish to discuss the topic of their 

review can send their enquiry to the Managing Editor of the journal at d.beerens@elsevier.com. However, the resulting submission is 

still subject to standard peer review, and the solicitation does not guarantee acceptance for publication. 

Please note that ALL articles must now carry a single sentence before the article's bibliography stating: "All authors attest they meet the 

ICMJE criteria for authorship" and all authors must submit written confirmation in their cover letter that "All authors attest they meet 

the ICMJE criteria for authorship". 

Authors must ensure that any documentation submitted to Vaccine for review purposes may be published should their article be accepted. 

Therefore, confidential and/or proprietary information contained in documentation submitted for review should be redacted or removed 

prior to submission. 

Contact details for submission 

Papers should be submitted using the Vaccine online submission system at: https://www.editorialmanager.com/jvac 

https://legacyfileshare.elsevier.com/promis_misc/Article_Types%20v5.docx
mailto:jvac@elsevier.com
mailto:d.beerens@elsevier.com
https://www.editorialmanager.com/jvac


PART B 

48 

 

 

Essentials to ensure fast handling 

• Manuscript is in accordance with ARTICLE TYPE - GUIDELINES 

• Manuscript-text is saved as a Word-file, line-numbers are added and text is double spaced 

• Clinical trial registry is mentioned at the end of the abstract if applicable 

• Conflict of interest statement is included at the end of the manuscript 

• Figures and tables are prepared as separate files and are clearly labeled 

• Cover letter is prepared, introducing your article and explaining the novelty of the research 

• Keywords are prepared 

• Contact details of 8 suggested reviewers (Name, affiliation and email address) are prepared 

• Highlights are prepared (a birds' eye view of your article in 3-5 points, 85 characters each) 

• The work presented in the article has been carried in line with all relevant ethical guidelines 

• Please note that even though Vaccine is a transformative journal, certain article types are not supported by Open Access. This 
concerns article types such as Correspondence, Discussion, Conference Reports. If you are in doubt whether your article type 
can be published as Open Access in the journal please contact the Journal Manager at: jvac@elsevier.com 

For any further information please consult this Guide For Authors or visit our Support Center. 

Submission checklist 

Submission checklist 

Ensure that the following items are taken care of during submission: 

One author has been designated as the corresponding author with contact details: 

• E-mail address 

• Full postal address 

All necessary files have been uploaded: 

Manuscript: 

• Include keywords 

• All figures (include relevant captions) 

• All tables (including titles, description, footnotes) 

• Ensure all figure and table citations in the text match the files provided 

• Indicate clearly if color should be used for any figures in print 

Graphical Abstracts / Highlights files (where applicable) 

Supplemental files (where applicable) 

Further considerations 

• Manuscript has been 'spell checked' and 'grammar checked' 

• All references mentioned in the Reference List are cited in the text, and vice versa 

• Permission has been obtained for use of copyrighted material from other sources (including the Internet) 

• A Conflict of Interest statement is provided, even if the authors have no competing interests to declare 

• Journal policies detailed in this guide have been reviewed and adhered to 

• Suggestions for 8 reviewers and their contact details have been provided 

Before you begin 

Ethics in publishing 

Please see our information on Ethics in publishing. 

Studies in humans and animals 

If the work involves the use of human subjects, the author should ensure that the work described has been carried out in accordance 

with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. The manuscript 

https://legacyfileshare.elsevier.com/promis_misc/Article_Types%20v5.docx
mailto:jvac@elsevier.com
https://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/about/policies-and-standards/publishing-ethics#4-duties-of-authors
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
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should be in line with the Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical 

Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as per those recommendations. The 

terms sex and gender should be used correctly. 

The author should ensure that the manuscript contains a statement that all procedures were performed in compliance with relevant laws 

and institutional guidelines and have been approved by the appropriate institutional committee(s). This statement should contain the date 

and reference number of the ethical approval(s) obtained. Authors should also include a statement in the manuscript that informed 

consent was obtained for experimentation with human subjects. The privacy rights of human subjects must always be observed. 

The journal will not accept manuscripts that contain data derived from unethically sourced organs or tissue, including from executed 

prisoners or prisoners of conscience, consistent with recommendations by Global Rights Compliance on Mitigating Human Rights Risks 

in Transplantation Medicine. For all studies that use human organs or tissues authors must provide sufficient evidence that they were 

procured in line with WHO Guiding Principles on Human Cell, Tissue and Organ Transplantation. The source of the organs or tissues 

used in clinical research must be transparent and traceable. Authors of manuscripts describing organ transplantation must additionally 

declare within the manuscript: 

1. that autonomous consent free from coercion was obtained from the donor(s) or their next of kin; and 

2. that organs/tissues were not sourced from executed prisoners or prisoners of conscience. 

All animal experiments should comply with the ARRIVE guidelines and should be carried out in accordance with the U.K. Animals 

(Scientific Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal experiments, or the National Research 

Council's Guide for the Care and Use of Laboratory Animals and the authors should clearly indicate in the manuscript that such 

guidelines have been followed. The sex of animals must be indicated, and where appropriate, the influence (or association) of sex on the 

results of the study. 

Policy and ethics (additional information) 

Informed consent 

Studies on human subjects require ethics committee approval and informed consent, which should be documented in the paper. The 

statement must indicate that informed consent was obtained after the nature and possible consequences of the study had been fully 

explained to the subjects. 

Appropriate consents, permissions and releases must be obtained where an author wishes to include case details or other personal 

information or images of patients and any other individuals in an Elsevier publication. Written consents must be retained by the author 

but copies do not need to be provided to the journal. Only in exceptional circumstances and when specifically requested by the journal 

(for example if a legal issue arises) the author must provide copies of the consent forms or evidence that such consent has been obtained. 

For more information, please review the Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. 

Unless you have written permission from the patient (or, where applicable, the next of kin), the personal details of any patient included 

in any part of the article and in any supplementary materials (including all illustrations and videos) must be removed before submission. 

Animal welfare 

Authors using experimental animals must state that their care was in accordance with institutional guidelines. For animals subjected to 

invasive procedures, the anesthetic, analgesic and tranquilizing agents used, as well as the amounts and frequency of administration, 

must be stated. 

Availability of Materials 

Publication of an article in Vaccine is taken to imply that the authors are prepared to freely distribute materials used in the published 

experiments (e.g. antibodies, cell lines) to academic researchers for their own use. 

Declaration of competing interest 

All authors must disclose any financial and personal relationships with other people or organizations that could inappropriately influence 

(bias) their work. Examples of potential conflicts of interest include employment, consultancies, stock ownership, honoraria, paid expert 

testimony, patent applications/registrations, and grants or other funding. Authors should complete the declaration of competing interest 

statement using Elsevier's Declaration of Interests form and upload to the submission system at the Attach/Upload Files step. Note: 

Please do not convert the .docx template to another file type. Author signatures are not required. If there are no interests to declare, 

you will still need to complete the form and confirm. For further guidance on using the declaration tool, please view this short video. 

Declaration of generative AI in scientific writing 

The below guidance only refers to the writing process, and not to the use of AI tools to analyse and draw insights from data as part of 

the research process. 

Where authors use generative artificial intelligence (AI) and AI-assisted technologies in the writing process, authors should only use 

these technologies to improve readability and language. Applying the technology should be done with human oversight and control, and 

authors should carefully review and edit the result, as AI can generate authoritative-sounding output that can be incorrect, incomplete or 

biased. AI and AI-assisted technologies should not be listed as an author or co-author, or be cited as an author. Authorship implies 

responsibilities and tasks that can only be attributed to and performed by humans, as outlined in Elsevier's AI policy for authors. 

http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
https://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://globalrightscompliance.com/project/do-no-harm-policy-guidance-and-legal-advisory-report/
https://globalrightscompliance.com/project/do-no-harm-policy-guidance-and-legal-advisory-report/
https://www.edqm.eu/documents/52006/286852/WHO%2Bguiding%2Bprinciples%2Bon%2Bhuman%2Bcell%2C%2Btissue%2Band%2Borgan%2Btransplantation%2C%2Bas%2Bendorsed%2Bby%2Bthe%2B63rd%2BWHA%2C%2BMay%2B2010%2C%2BResolution%2BWHA63.22.pdf/623474ce-1823-ea00-8462-51a144c6a791
https://arriveguidelines.org/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32010L0063
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://www.elsevier.com/about/policies/patient-consent
https://declarations.elsevier.com/?journalAcronym=JVAC
https://service.elsevier.com/app/answers/detail/a_id/34594/c/10528/supporthub/publishing/
https://www.elsevier.com/about/policies-and-standards/generative-ai-policies-for-journals
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Authors should disclose in their manuscript the use of AI and AI-assisted technologies in the writing process by following the instructions 

below. A statement will appear in the published work. Please note that authors are ultimately responsible and accountable for the contents 

of the work. 

Disclosure instructions 

Authors must disclose the use of generative AI and AI-assisted technologies in the writing process by adding a statement at the end of 

their manuscript in the core manuscript file, before the References list. The statement should be placed in a new section entitled 

'Declaration of Generative AI and AI-assisted technologies in the writing process' 

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in order to [REASON]. After using this 

tool/service, the author(s) reviewed and edited the content as needed and take(s) full responsibility for the content of the publication 

This declaration does not apply to the use of basic tools for checking grammar, spelling, references etc. If there is nothing to disclose, 

there is no need to add a statement. 

Submission declaration and verification 

Submission of an article implies that the work described has not been published previously (except in the form of an abstract, a published 

lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more information), that it is not under consideration 

for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where the 

work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in any other language, 

including electronically without the written consent of the copyright-holder. To verify compliance, your article may be checked 

by Crossref Similarity Check and other originality or duplicate checking software. 

Preprints 

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. Sharing your preprints e.g. on a 

preprint server will not count as prior publication (see 'Multiple, redundant or concurrent publication' for more information). 

Preprint posting on SSRN 

In support of Open Science, this journal offers its authors a free preprint posting service. Preprints provide early registration and 

dissemination of your research, which facilitates early citations and collaboration. 

During submission to Editorial Manager, you can choose to release your manuscript publicly as a preprint on the preprint 

server SSRN once it enters peer-review with the journal. Your choice will have no effect on the editorial process or outcome with the 

journal. Please note that the corresponding author is expected to seek approval from all co-authors before agreeing to release the 

manuscript publicly on SSRN. 

You will be notified via email when your preprint is posted online and a Digital Object Identifier (DOI) is assigned. Your preprint will 

remain globally available free to read whether the journal accepts or rejects your manuscript. 

For more information about posting to SSRN, please consult the SSRN Terms of Use and FAQs. 

Use of inclusive language 

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and promotes equal opportunities. 

Content should make no assumptions about the beliefs or commitments of any reader; contain nothing which might imply that one 

individual is superior to another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health condition; 

and use inclusive language throughout. Authors should ensure that writing is free from bias, stereotypes, slang, reference to dominant 

culture and/or cultural assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians, patients/clients") as 

default/wherever possible to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to personal 

attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health condition unless they are relevant and valid. 

When coding terminology is used, we recommend to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and 

"whitelist". We suggest using alternatives that are more appropriate and (self-) explanatory such as "primary", "secondary", "blocklist" 

and "allowlist". These guidelines are meant as a point of reference to help identify appropriate language but are by no means exhaustive 

or definitive. 

Reporting sex- and gender-based analyses 

Reporting guidance 

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should integrate sex and gender-based analyses 

(SGBA) into their research design according to funder/sponsor requirements and best practices within a field. Authors should address 

the sex and/or gender dimensions of their research in their article. In cases where they cannot, they should discuss this as a limitation to 

their research's generalizability. Importantly, authors should explicitly state what definitions of sex and/or gender they are applying to 

enhance the precision, rigor and reproducibility of their research and to avoid ambiguity or conflation of terms and the constructs to 

which they refer (see Definitions section below). Authors can refer to the Sex and Gender Equity in Research (SAGER) guidelines and 

the SAGER guidelines checklist. These offer systematic approaches to the use and editorial review of sex and gender information in 

study design, data analysis, outcome reporting and research interpretation - however, please note there is no single, universally agreed- 

upon set of guidelines for defining sex and gender. 

https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies-and-standards/sharing
https://www.elsevier.com/researcher/author/policies-and-guidelines
https://www.elsevier.com/open-science
https://www.elsevier.com/solutions/ssrn
https://www.ssrn.com/index.cfm/en/
https://www.ssrn.com/index.cfm/en/terms-of-use/
https://www.ssrn.com/index.cfm/en/ssrn-faq/
https://doi.org/10.1186/s41073-016-0007-6
https://doi.org/10.3897/ese.2022.e86910
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Definitions 

Sex generally refers to a set of biological attributes that are associated with physical and physiological features (e.g., chromosomal 

genotype, hormonal levels, internal and external anatomy). A binary sex categorization (male/female) is usually designated at birth ("sex 

assigned at birth"), most often based solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed 

roles, behaviors, and identities of women, men and gender-diverse people that occur in a historical and cultural context and may vary 

across societies and over time. Gender influences how people view themselves and each other, how they behave and interact and how 

power is distributed in society. Sex and gender are often incorrectly portrayed as binary (female/male or woman/man) and unchanging 

whereas these constructs actually exist along a spectrum and include additional sex categorizations and gender identities such as people 

who are intersex/have differences of sex development (DSD) or identify as non-binary. Moreover, the terms "sex" and "gender" can be 

ambiguous--thus it is important for authors to define the manner in which they are used. In addition to this definition guidance and the 

SAGER guidelines, the resources on this page offer further insight around sex and gender in research studies. 

Author contributions 

For transparency, we require corresponding authors to provide co-author contributions to the manuscript using the relevant CRediT 

roles. The CRediT taxonomy includes 14 different roles describing each contributor's specific contribution to the scholarly output. The 

roles are: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; 

Resources; Software; Supervision; Validation; Visualization; Roles/Writing - original draft; and Writing - review & editing. Note that 

not all roles may apply to every manuscript, and authors may have contributed through multiple roles. More details and an example. 

Authorship 

All authors should have made substantial contributions to all of the following: (1) the conception and design of the study, or acquisition 

of data, or analysis and interpretation of data, (2) drafting the article or revising it critically for important intellectual content, (3) final 

approval of the version to be submitted. 

Changes to authorship 

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and provide the definitive list 

of authors at the time of the original submission. Any addition, deletion or rearrangement of author names in the authorship list should 

be made only before the manuscript has been accepted and only if approved by the journal Editor. To request such a change, the Editor 

must receive the following from the corresponding author: (a) the reason for the change in author list and (b) written confirmation (e- 

mail, letter) from all authors that they agree with the addition, removal or rearrangement. In the case of addition or removal of authors, 

this includes confirmation from the author being added or removed. 

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of authors after the manuscript has 

been accepted. While the Editor considers the request, publication of the manuscript will be suspended. If the manuscript has already 

been published in an online issue, any requests approved by the Editor will result in a corrigendum. 

All scientific communications describing immunogenicity, effectiveness, or efficacy of a human or veterinary vaccine must include the 

following details: Vaccine characteristics: Vaccine lot number, manufacturer, dosing interval and number of doses, vaccine route of 

administration, if an injection - the anatomic site of injection, technique for vaccine administration (if by injection, specify needle length), 

concomitant vaccines administered, cold chain or storage effects if relevant, and a specification of what vaccine antigens and adjuvants 

were administered. Subject characteristics: Age, race, ethnicity, body mass index or body weight, smoking status, gender, 

medical/immunologic status, and concomitant drug use. 

Statistical and analytical reporting 

For further information on Vaccine guidelines for statistical and analytical reporting, please visit: 

AUTHOR GUIDELINES 

To consult the journal's Statistical and Analytical guidelines checklist, please go to: 

STATISTICAL AND ANALYTICAL GUIDELINES CHECKLIST 

Reporting clinical trials 

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript submission, authors must 

provide the CONSORT checklist accompanied by a flow diagram that illustrates the progress of patients through the trial, including 

recruitment, enrollment, randomization, withdrawal and completion, and a detailed description of the randomization procedure. 

All scientific communications describing immunogenicity, effectiveness, or efficacy of a human or veterinary vaccine must include the 

following details: Vaccine characteristics: Vaccine lot number, manufacturer, dosing interval and number of doses, vaccine route of 

administration, if an injection - the anatomic site of injection, technique for vaccine administration (if by injection, specify needle length), 

concomitant vaccines administered, cold chain or storage effects if relevant, and a specification of what vaccine antigens and adjuvants 

were administered. Subject characteristics: Age, race, ethnicity, body mass index or body weight, smoking status, gender, 

medical/immunologic status, and concomitant drug use. 

Registration of clinical trials 

Registration in a public trials registry is a condition for publication of clinical trials in this journal in accordance with International 

Committee of Medical Journal Editors recommendations. Trials must register at or before the onset of patient enrolment. The clinical 

trial registration number should be included at the end of the abstract of the article. A clinical trial is defined as any research study that 

https://www.elsevier.com/researcher/author/policies-and-guidelines/edi#2-best-practice
https://credit.niso.org/
https://www.elsevier.com/researcher/author/policies-and-guidelines/credit-author-statement
https://legacyfileshare.elsevier.com/promis_misc/Vaccine_Statistical_reporting_Editorial_May2012.pdf
https://legacyfileshare.elsevier.com/promis_misc/vaccine_checklist_of_statistical_analytical_reporting_2012b.doc
https://www.equator-network.org/reporting-guidelines/consort/
http://www.icmje.org/
http://www.icmje.org/
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prospectively assigns human participants or groups of humans to one or more health-related interventions to evaluate the effects of health 

outcomes. Health-related interventions include any intervention used to modify a biomedical or health-related outcome (for example 

drugs, surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care changes). Health outcomes 

include any biomedical or health-related measures obtained in patients or participants, including pharmacokinetic measures and adverse 

events. Purely observational studies (those in which the assignment of the medical intervention is not at the discretion of the investigator) 

will not require registration. 

Article Transfer Service 

This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This means that if an editor feels your 

manuscript is more suitable for an alternative journal, you might be asked to consider transferring the manuscript to such a journal. The 

recommendation might be provided by a Journal Editor, a dedicated Scientific Managing Editor, a tool assisted recommendation, or a 

combination. If you agree, your manuscript will be transferred, though you will have the opportunity to make changes to the manuscript 

before the submission is complete. Please note that your manuscript will be independently reviewed by the new journal. More 

information. 

Copyright 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see more information on this). An e- 

mail will be sent to the corresponding author confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form 

or a link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within their 

institutions. Permission of the Publisher is required for resale or distribution outside the institution and for all other derivative works, 

including compilations and translations. If excerpts from other copyrighted works are included, the author(s) must obtain written 

permission from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in these 

cases. 

Responsible sharing 

Find out how you can share your research published in Elsevier journals. 

Funding source 

You are requested to identify who provided financial support for the conduct of the research and/or preparation of the article and to 

briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and interpretation of data; in the writing of 

the report; and in the decision to submit the article for publication. If the funding source(s) had no such involvement, it is recommended 

to state this. 

Open access 

Please visit our Open Access page for more information about open access publishing in this journal. 

Language 

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors who feel their English 

language manuscript may require editing to eliminate possible grammatical or spelling errors and to conform to correct scientific English 

may wish to use the Language Editing service available from Elsevier's Language Services. 

Submission 

Our online submission system guides you stepwise through the process of entering your article details and uploading your files. The 

system converts your article files to a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to 

typeset your article for final publication. All correspondence, including notification of the Editor's decision and requests for revision, is 

sent by e-mail. 

Submit your article 

Please submit your article via https://www.editorialmanager.com/jvac 

Referees 

Suggestions for potential reviewers 

Authors are requested to provide the names and institutional e-mail addresses of eight potential reviewers upon submission. It would not 

be appropriate to nominate individuals that have had any input into the manuscripts submitted or any recent collaboration with the 

authors or from the same department or institute. Please provide the names of suggested reviewers from countries other than that of the 

authors and include their institutional email addresses. Hotmail, yahoo, gmail and/or similar addresses are not recommended. The Editors 

may or may not take these suggestions into account during the reviewing process. 

Review process 

All contributions are read by two or more referees to ensure both accuracy and relevance, and revisions to the script may thus be required. 

On acceptance, contributions are subject to editorial amendment to suit house style. When a manuscript is returned for revision prior to 

final acceptance, the revised version must be submitted as soon as possible after the author's receipt of the referee's reports. Revised 

manuscripts returned after four months will be considered as new submissions subject to full re-review. 

https://www.elsevier.com/authors/submit-your-paper/submit-and-revise/article-transfer-service/scientific-managing-editors
https://www.elsevier.com/authors/submit-your-paper/submit-and-revise/article-transfer-service
https://www.elsevier.com/authors/submit-your-paper/submit-and-revise/article-transfer-service
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/researcher/author/submit-your-paper/sharing-and-promoting-your-article
https://www.sciencedirect.com/science/journal/0264410X/publish/open-access-options
https://webshop.elsevier.com/language-editing/
https://www.editorialmanager.com/jvac
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Preparation 

Queries 

For questions about the editorial process (including the status of manuscripts under review) or for technical support on submissions, 

please visit our Support Center. 

Peer review 

This journal operates a single anonymized review process. All contributions will be initially assessed by the editor for suitability for the 

journal. Papers deemed suitable are then typically sent to a minimum of two independent expert reviewers to assess the scientific quality 

of the paper. The Editor is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. 

Editors are not involved in decisions about papers which they have written themselves or have been written by family members or 

colleagues or which relate to products or services in which the editor has an interest. Any such submission is subject to all of the journal's 

usual procedures, with peer review handled independently of the relevant editor and their research groups. More information on types 

of peer review. 

Use of wordprocessing software 

It is important that the file be saved in the native format of the wordprocessor used. The text should be in single-column format. Keep 

the layout of the text as simple as possible. Most formatting codes will be removed and replaced on processing the article. In particular, 

do not use the wordprocessor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts 

etc. When preparing tables, if you are using a table grid, use only one grid for each individual table and not a grid for each row. If no 

grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar to that of conventional 

manuscripts (see also the Guide to Publishing with Elsevier: https://www.elsevier.com/guidepublication). Note that source files of 

figures, tables and text graphics will be required whether or not you embed your figures in the text. Source files must have "consecutive" 

line numbering added by authors (this must include tables, captions, references).See also the section on Electronic artwork. 

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' functions of your wordprocessor. 

Introduction 

State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a summary of the results. 

Material and methods 

Provide sufficient detail to allow the work to be reproduced, with details of supplier and catalogue number when appropriate. Methods 

already published should be indicated by a reference: only relevant modifications should be described. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the results of the work, not repeat them. A combined Results and Discussion section is often 

appropriate. Avoid extensive citations and discussion of published literature. 

Conclusions 

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a subsection of a 

Discussion or Results and Discussion section. 

Essential title page information 

• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and formulae where 
possible. 

• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author and check that all 

names are accurately spelled. You can add your name between parentheses in your own script behind the English 

transliteration. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate all 

affiliations with a lower-case superscript letter immediately after the author's name and in front of the appropriate address. 

Provide the full postal address of each affiliation, including the country name and, if available, the e-mail address of each 

author. 

• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication, also post- 
publication. This responsibility includes answering any future queries about Methodology and Materials. Ensure that the e- 

mail address is given and that contact details are kept up to date by the corresponding author. 

• Present/permanent address. If an author has moved since the work described in the article was done, or was visiting at the 
time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name. The address at which 
the author actually did the work must be retained as the main, affiliation address. Superscript Arabic numerals are used for 

such footnotes. 

https://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/guidepublication


PART B 

54 

 

 

Highlights 

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of your article via search engines. 

They consist of a short collection of bullet points that capture the novel results of your research as well as new methods that were used 

during the study (if any). Please have a look at the example Highlights. 

Highlights should be submitted in a separate editable file in the online submission system. Please use 'Highlights' in the file name and 

include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). 

Abstract 

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the principal results and major 

conclusions. An abstract is often presented separately from the article, so it must be able to stand alone. For this reason, References 

should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should be avoided, 

but if essential they must be defined at their first mention in the abstract itself. 

Graphical abstract 

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online article. The graphical abstract 

should summarize the contents of the article in a concise, pictorial form designed to capture the attention of a wide readership. Graphical 

abstracts should be submitted as a separate file in the online submission system. Image size: Please provide an image with a minimum 

of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution 

of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our information site. 

Stereochemistry abstract 

For each important chiral compound you are requested to supply a stereochemistry abstract detailing structure, name, formula and all 

available stereochemical information for eventual incorporation into a database. An abstract for only one enantiomer per compound is 

required. 

Keywords 

Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and avoiding general and plural terms and 

multiple concepts (avoid, for example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly established in the field may 

be eligible. To maximise discoverability, use terms and words that are not already in the manuscript's title and abstract as keywords. 

Consider the terms that potential readers may use to search for work on this topic that do not already appear in the title and abstract. 

Include synonyms and related terms to cover different variations of how readers might search for your topic. Specific keywords target 

niche audiences, while broad keywords increase the chances of your article reaching a wider audience. These keywords will be used for 

indexing purposes. 

Abbreviations 

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article. Such abbreviations that 

are unavoidable in the abstract must be defined at their first mention there, as well as in the footnote. Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section at the end of the article before the references and do not, therefore, include them on the 

title page, as a footnote to the title or otherwise. List here those individuals who provided help during the research (e.g., providing 

language help, writing assistance or proof reading the article, etc.). 

Formatting of funding sources 

List funding sources in this standard way to facilitate compliance to funder's requirements: 

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, 

Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is from a block grant or 

other resources available to a university, college, or other research institution, submit the name of the institute or organization that 

provided the funding. 

If no funding has been provided for the research, it is recommended to include the following sentence: 

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. 

Units 

Follow internationally accepted rules and conventions: use the international system of units (SI). If other units are mentioned, please 

give their equivalent in SI. 

Math formulae 

Please submit math equations as editable text and not as images. Present simple formulae in line with normal text where possible and 

use the solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. 

https://www.elsevier.com/researcher/author/tools-and-resources/highlights
https://www.elsevier.com/researcher/author/tools-and-resources/graphical-abstract
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Powers of e are often more conveniently denoted by exp. Number consecutively any equations that have to be displayed separately from 

the text (if referred to explicitly in the text). 

Footnotes 

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors can build footnotes into 

the text, and this feature may be used. Otherwise, please indicate the position of footnotes in the text and list the footnotes themselves 

separately at the end of the article. Do not include footnotes in the Reference list. 

Artwork 

This section describes the artwork for this journal. 

Electronic artwork 

General points 

• Make sure you use uniform lettering and sizing of your original artwork. 

• Embed the used fonts if the application provides that option. 

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that look similar. 

• Number the illustrations according to their sequence in the text. 

• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Size the illustrations close to the desired dimensions of the published version. 

• Submit each illustration as a separate file. 

• Ensure that color images are accessible to all, including those with impaired color vision. 

A detailed guide on electronic artwork is available. 

You are urged to visit this site; some excerpts from the detailed information are given here. 

Formats 

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply 'as is' in the native 

document format. 

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please 'Save as' or convert the 

images to one of the following formats (note the resolution requirements for line drawings, halftones, and line/halftone combinations 

given below): 

EPS (or PDF): Vector drawings, embed all used fonts. 

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. 

TIFF (or JPEG): Bitmapped (pure black &amp; white pixels) line drawings, keep to a minimum of 1000 dpi. 

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi. 

Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number of pixels and 
limited set of colors; 

• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately large for the content. 

Color artwork 

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and with the correct 

resolution. If, together with your accepted article, you submit usable color figures then Elsevier will ensure, at no additional charge, that 

these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced 

in color in the printed version. For color reproduction in print, you will receive information regarding the costs from Elsevier after 

receipt of your accepted article. Please indicate your preference for color: in print or online only. Further information on the preparation 

of electronic artwork. 

https://www.elsevier.com/about/policies-and-standards/author/artwork-and-media-instructions
https://www.elsevier.com/about/policies-and-standards/author/artwork-and-media-instructions
https://www.elsevier.com/about/policies-and-standards/author/artwork-and-media-instructions
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Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A caption should comprise a brief title 

(not on the figure itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but explain all 

symbols and abbreviations used. 

Tables 

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the article, or on separate 

page(s) at the end. Number tables consecutively in accordance with their appearance in the text and place any table notes below the table 

body. Be sparing in the use of tables and ensure that the data presented in them do not duplicate results described elsewhere in the article. 

Please avoid using vertical rules and shading in table cells. 

References 

This section describes the references for this journal. 

Citation in text 

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any references cited in the abstract 

must be given in full. Unpublished results and personal communications are not recommended in the reference list, but may be mentioned 

in the text. If these references are included in the reference list they should follow the standard reference style of the journal and should 

include a substitution of the publication date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in 

press' implies that the item has been accepted for publication. 

Reference links 

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited. In order to allow us 

to create links to abstracting and indexing services, such as Scopus, Crossref and PubMed, please ensure that data provided in the 

references are correct. Please note that incorrect surnames, journal/book titles, publication year and pagination may prevent link creation. 

When copying references, please be careful as they may already contain errors. Use of the DOI is highly encouraged. 

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article. An example of a citation using DOI 

for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of 

the Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. 

Please note the format of such citations should be in the same style as all other references in the paper. 

Web references 

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further information, if known 

(DOI, author names, dates, reference to a source publication, etc.), should also be given. Web references can be listed separately (e.g., 

after the reference list) under a different heading if desired, or can be included in the reference list. 

Data references 

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text and including a data 

reference in your Reference List. Data references should include the following elements: author name(s), dataset title, data repository, 

version (where available), year, and global persistent identifier. Add [dataset] immediately before the reference so we can properly 

identify it as a data reference. The [dataset] identifier will not appear in your published article. 

Preprint references 

Where a preprint has subsequently become available as a peer-reviewed publication, the formal publication should be used as the 

reference. If there are preprints that are central to your work or that cover crucial developments in the topic, but are not yet formally 

published, these may be referenced. Preprints should be clearly marked as such, for example by including the word preprint, or the name 

of the preprint server, as part of the reference. The preprint DOI should also be provided. 

Reference management software 

Most Elsevier journals have their reference template available in many of the most popular reference management software products. 

These include all products that support Citation Style Language styles, such as Mendeley. Using citation plug-ins from these products, 

authors only need to select the appropriate journal template when preparing their article, after which citations and bibliographies will be 

automatically formatted in the journal's style. If no template is yet available for this journal, please follow the format of the sample 

references and citations as shown in this Guide. If you use reference management software, please ensure that you remove all field codes 

before submitting the electronic manuscript. More information on how to remove field codes from different reference management 

software. 

Reference formatting 

There are no strict requirements on reference formatting at submission. References can be in any style or format as long as the style is 

consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article title, year of publication, volume 

number/book chapter and the article number or pagination must be present. Use of DOI is highly encouraged. The reference style used 

by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted at proof 

stage for the author to correct. If you do wish to format the references yourself they should be arranged according to the following 

examples: 

https://citationstyles.org/
https://www.mendeley.com/reference-management/reference-manager/
https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/
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Reference style 

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can be referred to, but the reference 

number(s) must always be given. 

List: Number the references (numbers in square brackets) in the list in the order in which they appear in the text. 

Examples: 

Reference to a journal publication: 

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun 2010;163:51-9. 

https://doi.org/10.1016/j.Sc.2010.00372. 

Reference to a journal publication with an article number: 

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon. 2018;19:e00205. 

https://doi.org/10.1016/j.heliyon.2018.e00205 

Reference to a book: 

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000. 

Reference to a chapter in an edited book: 

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ, editors. Introduction to the 

electronic age, New York: E-Publishing Inc; 2009, p. 281-304. 

Reference to a website: 

[5] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 

2003 [accessed 13 March 2003]. 

Reference to a dataset: 

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt disease and surrounding forest 

compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/xwj98nb39r.1. 

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6 should be listed followed by 'et al.' For 

further details you are referred to 'Uniform Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 

1997;277:927-34) (see also Samples of Formatted References). 

Journal abbreviations 

Journal names should be abbreviated according to the List of Title Word Abbreviations. 

Supplementary material 

Supplementary material such as applications, images and sound clips, can be published with your article to enhance it. Submitted 

supplementary items are published exactly as they are received (Excel or PowerPoint files will appear as such online). Please submit 

your material together with the article and supply a concise, descriptive caption for each supplementary file. If you wish to make changes 

to supplementary material during any stage of the process, please make sure to provide an updated file. Do not annotate any corrections 

on a previous version. Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in the published version. 

Each supplementary material file should have a short caption which will be placed at the bottom of the article, where it can assist the 

reader and also be used by search engines. 

Research data 

This journal requires and enables you to share data that supports your research publication where appropriate and enables you to interlink 

the data with your published articles. Research data refers to the results of observations or experimentation that validate research findings, 

which may also include software, code, models, algorithms, protocols, methods and other useful materials related to the project. 

Below are a number of ways in which you can associate data with your article or make a statement about the availability of your data 

when submitting your manuscript. When sharing data in one of these ways, you are expected to cite the data in your manuscript and 

reference list. Please refer to the "References" section for more information about data citation. For more information on depositing, 

sharing and using research data and other relevant research materials, visit the research data page. 

Data linking 

If you have made your research data available in a data repository, you can link your article directly to the dataset. Elsevier collaborates 

with a number of repositories to link articles on ScienceDirect with relevant repositories, giving readers access to underlying data that 

gives them a better understanding of the research described. 

There are different ways to link your datasets to your article. When available, you can directly link your dataset to your article by 

providing the relevant information in the submission system. For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to your published article on ScienceDirect. 

http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/%3B
https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.elsevier.com/authors/tools-and-resources/research-data
https://www.elsevier.com/researcher/author/tools-and-resources/research-data/data-base-linking
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In addition, you can link to relevant data or entities through identifiers within the text of your manuscript, using the following format: 

Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). 

Data statement 

To foster transparency, we require you to state the availability of your data in your submission if your data is unavailable to access or 

unsuitable to post. This may also be a requirement of your funding body or institution. You will have the opportunity to provide a data 

statement during the submission process. The statement will appear with your published article on ScienceDirect. For more information, 

visit the Data Statement page. 

After acceptance 

News and embargoes 

If you think your article would be interesting for a wider audience, we would be happy to hear from you. Please contact the Journal 

Manager, Stephanie Turner (s.turner.1@elsevier.com) and we'll send you an information form to complete. You must inform the Journal 

Manager if you are planning publicity for your article through your institution or funding body. Any publicity materials must be approved 

by Elsevier before release, and must not be distributed before the article has been published. 

Uncorrected proofs of articles are published online on ScienceDirect as soon as they are available. As such, information about embargoes 

is not available. Authors can track the status of their article via the Track Your Accepted Article service. Uncorrected articles are 

normally available online within two working days of you receiving the email to download the proofs. 

Online proof correction 

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof corrections within two days. 

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing annotation and correction of proofs 

online. The environment is similar to MS Word: in addition to editing text, you can also comment on figures/tables and answer questions 

from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing you to directly type your 

corrections, eliminating the potential introduction of errors. 

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for proofing will be given in the 

e-mail we send to authors, including alternative methods to the online version and PDF. 

We will do everything possible to get your article published quickly and accurately. Please use this proof only for checking the 

typesetting, editing, completeness and correctness of the text, tables and figures. Significant changes to the article as accepted for 

publication will only be considered at this stage with permission from the Editor. It is important to ensure that all corrections are sent 

back to us in one communication. Please check carefully before replying, as inclusion of any subsequent corrections cannot be 

guaranteed. Proofreading is solely your responsibility. 

Offprints 

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free access to the final published version 

of the article on ScienceDirect. The Share Link can be used for sharing the article via any communication channel, including email and 

social media. For an extra charge, paper offprints can be ordered via the offprint order form which is sent once the article is accepted for 

publication. Corresponding authors who have published their article gold open access do not receive a Share Link as their final published 

version of the article is available open access on ScienceDirect and can be shared through the article DOI link. 

Author Inquiries 

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from Frequently Asked Questions to ways 

to get in touch. 

You can also check the status of your submitted article or find out when your accepted article will be published. 

https://www.elsevier.com/authors/tools-and-resources/research-data/data-statement
mailto:s.turner.1@elsevier.com
https://www.elsevier.com/researcher/author/submit-your-paper/sharing-and-promoting-your-article/share-link
https://www.sciencedirect.com/
https://service.elsevier.com/app/home/supporthub/publishing
https://service.elsevier.com/app/answers/detail/a_id/29155/supporthub/publishing/kw/status%2Bsubmitted%2Barticle/
https://service.elsevier.com/app/answers/detail/a_id/5981/kw/5981/p/13783/supporthub/publishing



