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Thesis Abstract

Introduction: Early Bacille Calmette-Guérin (BCG) vaccination of low birthweight (LBW)
infants has been shown to have heterologous immunological effects by increasing the in vitro
cytokine responses which contribute to the maturation of the infant immune system and thereby
protecting against fatal infections in the neonatal period. It has been noted to also reduce neonatal
mortality in these LBW infants. In some low-income countries, BCG vaccination is usually
postponed for children born with a low birthweight (LBW). This has resulted in delayed timing to
BCG vaccination. Ghana, however, does not have any restrictions on receiving BCG vaccination
for LBW infants. This study therefore assessed the effects of low birthweight on timing to BCG

vaccination in a context where there are no restrictions on vaccinations.

Methods: The study used maternal and child health data collected from the Navrongo Health and
Demographic Surveillance System (NHDSS). Age at BCG vaccination was the main outcome
variable of interest whilst the weight at birth of the child was the main primary exposure variable.
Frequencies, proportions, median and inter-quartile ranges (IQR) were used to describe the
participants. Lognormal accelerated failure time (AFT) models were conducted, and time ratios
obtained to assess the effect of birthweight on timing to BCG vaccination. Logistic regression

models were also used to assess the factors associated with delays to BCG vaccination.

Results: About 12% of the infants were low birthweights (less than 2500 grams) with 17%
weighing less than 2000 grams and 83% weighing between 2000 and 2490 grams. The results
showed than low birth weight infants had a median vaccination age of 2 days compared with
normal birth weight (>2500 grams) infants who had a median of 3 days. No statistically significant

difference in time to BCG vaccination by birthweight status was observed. However, other



characteristics which were statistically significantly associated with time to BCG included level of

education of mother, place of delivery, socio-economic status of family and the age of mother.

Conclusions: The study shows that low birthweight infants in the study area receive BCG
vaccination as timely as normal birthweight infants with several maternal and infant characteristics
as well as socio-demographic and health system factors been associated with the timing. It
demonstrates that low birthweight infants can receive BCG vaccination on time if there are no

restrictions regarding vaccination schedules.
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PART A: PROTOCOL

The Effect of low birth weight on timing to BCG vaccination in a rural district of Northern

Ghana

Introduction

Tuberculosis (TB), caused by the bacterium Mycobacterium tuberculosis, continuous to be a
public health concern globally. About one-quarter of the world’s population are estimated to be
infected with M. tuberculosis and 5-15% of these individuals will develop active TB during their
lifetime.[1] In children, TB occurs most commonly in those aged less than five (5) years. Infants
and young children (especially those aged less than two years) are at risk of developing severe
disseminated disease associated with a high rate of mortality. Childhood TB is, therefore an

indicator of ongoing transmission of M. tuberculosis in the general population.[2]

Efforts to control the spread of M. tuberculosis and to prevent TB-related morbidity and mortality
is therefore necessary. Vaccination is one component of the integrated, patient-centred care and
prevention strategy adopted by the World Health Organization (WHO) in preventing TB.[3] The
Bacille Calmette-Guérin (BCG) vaccine has been recommended to be given to all healthy neonates
at birth or as soon as possible after birth in countries or settings with high incidence of
Tuberculosis.[4] BCG is one of the most widely used current vaccines on neonates and infants in
countries where it is part of the national childhood immunization program. It has a documented
protective effect against meningitis and disseminated TB in children.[5, 6] It is also known to
provide non-specific benefits such as reducing neonatal mortality and infectious diseases.[7-9] A

randomized control trial by Prentice et al noted a 25% reduction in episodes of physician-



diagnosed non-tuberculosis infections in the first week of life among infants who received BCG

at birth compared to infants who received BCG after six weeks of age.[10]

Benefits of early BCG vaccination among low birthweight (LBW) infants have been noted in some
observational studies and randomized controlled trials. Early BCG vaccination of LBW infants
has heterologous immunological effects by increasing the in vitro cytokine responses which
contribute to the maturation of the infant immune system and, thereby, protecting against fatal
infections in the neonatal period.[11-13] Again, it has been noted to also reduce neonatal mortality
in these low birth weight infants. Some studies have noted that the earlier BCG is given to an
infant, the higher the chances of survival.[10, 14, 15] Other studies have documented no negative
effects on infant growth when infants with low birth weight are vaccinated with BCG very early

in life.[10, 16, 22]

Delays in BCG vaccination has been reported to have an increased risk of infections at infancy
due to the shortening of the duration of the protective effect of the vaccine. Delayed BCG
vaccination has also been recognized as an important indicator of the overall quality of the vaccine

and has effects on vaccination coverage.[17]

That notwithstanding, several low-income countries usually postpone BCG vaccination in children
born with LBW. This has resulted in delayed timing to BCG vaccination for LBW infants. For
instance, in Kenya, pre-term and LBW infants (birthweight less than 2000 grams) receive BCG at

the time of discharge from hospital.[18]

However, in other countries such as Ghana, there is no recommendation to delay BCG vaccination

of LBW infants.



In addition, several factors have been reported to be associated with incomplete childhood
vaccinations. Some studies have classified these factors into child and maternal characteristics and
socio demographic factors.[19, 20] Less information is, however, known about the factors

associated with delays to vaccinations.

This study will, therefore, seek to assess the effects of low birth weight on timing to BCG
vaccination and to examine the factors associated with delay to BCG vaccination in a context

where there are no restrictions on vaccinating low birthweight infants.

Objectives of the Study

The overall aim of the study is to assess the effects of LBW on timeliness to BCG vaccination in

a rural district in Northern Ghana. Specifically, the study seeks to:

1. assess the effect of LBW on timing to BCG vaccination.
2. examine the factors associated with delay to BCG vaccination.

3. determine the median BCG vaccination age from 2012 to 2018.

Methods

a) Study Design

A retrospective secondary data analysis of infants born from 2012 to 2018 will be conducted to

assess the effects of LBW on timeliness of BCG vaccination.

b) Study Setting

The study will be conducted in the Kassena-Nankana East municipal and Kassena-Nankana West

district in the Upper East region of northern Ghana with an estimated population of 160 000 under

3



continuous demographic surveillance. The study area covers a land area of 1675 km2 and lies
between latitude 10.30° and 11.10° north and longitude 1.10° west close to the Burkina Faso
border. The area is characterized by Guinea Savannah vegetation with a short rainy season and a
prolonged dry season from October to March. The mean annual rainfall is ~1300 mm with the
heaviest usually occurring in August.[21] The area has two referral district hospitals and eight
health centres. In addition, there are 57 community health compounds with resident community

health officers providing door-to-door health services to the people.

c) Study population and data collection

The study will use maternal and child health data collected from the Navrongo Health and
Demographic Surveillance System (NHDSS). The NHDSS monitors demographic and health
changes of all persons and households in the Kassena-Nankana east and west districts. Trained
field workers visit compounds every 4 to 6 months and interview heads of households using a
compound registration book (CRB) which contains basic information of all individuals in a
household. Where a new event is recorded, the CRB is filled to provide detailed information about
that particular event. The data collection process also includes the community key informant
system where individuals are selected by their respective communities and given some training by
the research team to report events, such as pregnancies, births and child deaths (deaths to children
aged <12 years). This complements the routine data collection machinery by recording in a timely
manner, events that may occur after a fieldworker has passed a particular location during his or

her routine rounds.



Data collected include pregnancies, live and stillbirths, morbidity, deaths, in- and out-migrations,
childhood vaccinations and verbal autopsy on all deaths, educational status, marriage, religion and

national health insurance coverage as well as socio-economic characteristics.

Ethical consideration embarked by the NHDSS team includes consultations and partnership
building with a wide range of stakeholders, including government and community members.
Extensive community engagement activities, such as radio programmes or community meetings
are used to sensitize the communities on the activities of the HDSS whilst consent for routine data

collection is obtained at the household level.

All infants born from 2012 to 2018 will be eligible for inclusion in this study.

d) Sample size

All infants born from 2012 to 2018 with a birth weight and BCG vaccination recorded will be
eligible. About 2000 infants per year are estimated to have records of both BCG vaccination and

birth weight. This makes the estimated sample size for the study to be about 14000.

e) Variables of Interest

Age at BCG vaccination will be the main outcome variable of interest whilst the weight at birth of
the child will be the main primary exposure variable. Birth weight will be categorized into low and
normal birth weight for infants weighing less than 2500 grams and more or equal to 2500 grams
respectively. Low birth weight will be further classified into those weighing below 2000 grams
and those weighing 2000 to less than 2500 grams. Variables such as maternal age and education,
ethnicity, religious affiliation, birth order of infant, sex, will be explored to determine their

association with timing to BCG vaccination. Demographic characteristics such as place of



residence, place of delivery and socioeconomic status of the family will be explored to determine

their association with delays in uptake of BCG vaccination.

f) Data Processing and Analysis

Descriptive statistics such as means, standard deviations, median and inter-quartile ranges will be
reported for numerical variables depending on the distribution of the variables whilst frequencies
will be reported for categorical variables. Survival analysis techniques will be used to assess the
time to BCG vaccination. Kaplan-Meier curves will used to describe the age distribution of getting
BCG for the three birth weight groups. Based on results from Kaplan-Meier curves, a cox
regression or a parametric regression model will be fitted to assess the association between LBW
and time to BCG vaccination. Factors associated with delays to BCG vaccination will also be
evaluated using binary logistic regression models. Infants who receive BCG vaccination from birth
to 4 weeks of age will be considered to be not delayed whilst those who received BCG vaccination
more than 4 weeks of age will be considered to have delayed [19]. All statistical analyses will be

conducted using STATA version 17.0.

g) Ethical Considerations

Ethical approval will be sought from the University of Cape Town Human Research Ethics
Committee and the Navrongo Health Research Centre Institutional Review Board. These are

review boards who guarantee participants safety in studies.



h) Risk and benefits

There will be no direct benefits for participation. Participants will not be paid in any form. This
study is a low-risk study as it will only involve the use of secondary data and will not require the

direct participation of any individuals.

i) Confidentiality

Unique identification numbers will be assigned to all participants to ensure confidentiality of the

participants. The data will only be stored and backed-up in a database accessible to the researchers.
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Abstract

The World Health Organization (WHQO) recommends that Bacille Calmette-Guérin (BCG) vaccine
be given to all healthy neonates at birth or as soon as possible after birth in countries or settings
with high incidence of Tuberculosis. In some low-income countries, BCG vaccination is usually
postponed for children born with a low birthweight (LBW). This has resulted in delayed timing to
BCG vaccination for LBW infants as witnessed in several low-income countries. However, there
is no recommendation to delay BCG vaccination of LBW infants in Ghana. This study therefore
assessed the effects of low birthweight on timing to BCG vaccination in a context where there are

no restrictions on vaccinations.

A retrospective secondary data analysis of infants born from 2012 to 2018 in the Kassena-Nankana
Districts of Ghana was conducted. A total of 18003 participants were included in the analysis.
Lognormal accelerated failure time (AFT) model was used to assess the effect of low birth weight

on timing to BCG vaccination.

About 12% of the infants were low birthweights (less than 2500 grams) with 17% weighing less
than 2000 grams and 83% weighing between 2000 and 2490 grams. The results showed that low
birth weight infants had a median vaccination age of 2 days compared with normal birth weight
(>2500 grams) infants who had a median of 3 days. No statistically significant difference in time
to BCG vaccination by birthweight status was observed. However, other characteristics which
were statistically significantly associated with time to BCG included level of education of mother,

place of delivery, socio-economic status of family and the age of mother.

13



The study shows that low birthweight infants in the study area receive BCG vaccination as timely
as normal birthweight infants with several maternal and infant characteristics as well as socio-

demographic and health system factors been associated with the timing

14
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Introduction

Every year 10 million people fall ill with tuberculosis (TB) which is caused by the bacterium
Mycobacterium tuberculosis with about 1.5 million dying. In 2020, about 1.1 million children fell
ill with TB globally. Childhood TB occurs mostly among those aged less than five (5) years.
Infants and young children (especially those aged less than two years) are at risk of developing
severe disseminated disease associated with a high rate of mortality.[1] Childhood TB is therefore

an indicator of ongoing transmission of M. tuberculosis in the general population.[2]

The World Health Organization (WHQO) recommends the Bacille Calmette-Guérin (BCG) vaccine
to be given to all healthy neonates at birth or as soon as possible after birth in countries or settings
with high incidence of Tuberculosis.[3] Bacille Calmette-Guérin (BCG) is one of the most widely
used current vaccines on neonates and infants in countries where it is part of the national childhood
immunization program. It has a documented protective effect against meningitis and disseminated
TB in children.[4] It is also known to provide non-specific benefits such as reducing neonatal

mortality and infectious diseases.[5, 6]

Benefits of early BCG vaccination among LBW infants have been noted in some observational
studies and randomized controlled trials. Early BCG vaccination of LBW infants has heterologous
immunological effects by increasing the in vitro cytokine responses which contribute to the
maturation of the infant immune system and thereby protecting against fatal infections in the
neonatal period.[7-9] Again, it has been noted to also reduce neonatal mortality in these low birth

weight infants.[10]

It has been reported that when BCG vaccination is delayed, there is an increased risk of infections
at infancy due to the shortening of the duration of the protective effect of the vaccine. Delay

16



vaccination has also been recognized as an important indicator of the overall quality of the vaccine

and has effects on vaccination coverage.[11]

Despite these benefits, BCG vaccination is usually postponed in some low-income countries for
children born with a LBW. This has resulted in delayed timing to BCG vaccination for LBW
infants as witnessed in several low-income countries.[9, 12] For instance, in Kenya, pre-term and
LBW infants (birthweight less than 2500 grams) receive BCG at the time of discharge from
hospital [13] However, in other countries such as Ghana, there is no recommendation to delay

BCG vaccination of LBW infants.

In addition, several factors have been associated with incomplete childhood vaccinations. Some
studies have classified these factors into child and maternal characteristics as well as socio
demographic factors.[14, 15] Less information is however known about the factors associated with

timing and delays to BCG vaccinations.

This study therefore assessed the effects of low birthweight on timing to BCG vaccination, and
examined the factors associated with delays to BCG vaccination in a context where there are no

restrictions on vaccinating low birthweight infants.

Methods

a) Study Design

This study involved a retrospective secondary data analysis of infants born from 2012 to 2018 in
the Kassena-Nankana Districts of Ghana. It assessed the effects of LBW on timeliness to BCG

vaccination.

17



b) Study Population and data collection

The study used maternal and child health data collected from the Navrongo Health and
Demographic Surveillance System (NHDSS). The NHDSS monitors demographic and health
changes of all persons and households in the Kassena-Nankana east and west districts. Trained
field workers visit compounds every 4 to 6 months and interview heads of households using a
compound registration book (CRB) which contains basic information of all individuals in a
household. Where a new event is recorded, the CRB is filled to provide detailed information about
that particular event. The data collection process also includes the community key informant
system where individuals are selected by their respective communities and given some training by
the research team to report events, such as pregnancies, births and child deaths (deaths of children
aged <12 years). This complements the routine data collection machinery by recording in a timely
manner, events that may occur after a fieldworker has passed a particular location during his or

her routine rounds.

Data collected include pregnancies, live and stillbirths, morbidity, deaths, in- and out-migrations,
childhood vaccinations, verbal autopsy on all deaths, educational status, marriage, religion and
national health insurance coverage as well as socio-economic characteristics.[16] All infants born

from 2012 to 2018 with birthweight and BCG vaccination recorded were included in the study.

c) Variables of Interest

Age at BCG vaccination was the main outcome variable of interest whilst the weight at birth of
the child was the main primary exposure variable. Birth weight was categorized into low birth
weight and normal birth weight for infants weighing less than 2500 grams and more or equal to
2500 grams respectively. Low birth weight was further sub-classified into those weighing below
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2000 grams and those weighing 2000-2499 grams. Variables such as maternal age and education,
ethnicity, religious denomination, birth order of infant, sex, were explored to determine their
association with delays in BCG vaccination. Other sociodemographic variables of interest included
in the analysis were place of residence, place of delivery and socioeconomic status of the

household.

d) Data Analysis

Descriptive characteristics of the participants have been described in Table 1. The overall aim of
the study was to assess the effect of LBW on timing to BCG vaccination. Survival analysis
techniques were therefore used to assess the time to BCG vaccinations. BCG vaccination age
ranged from 0 to 753 days. Majority of the participants received BCG vaccination before 90 days
of age with only 1.5% of the participants receiving BCG vaccination after 90 days of age.
Censoring was done at 90 days of age. Kaplan-Meier curves (Figure 1) were used to describe the
age distribution of getting BCG vaccination for the three birth weights groups. A cox proportional
hazards model was fitted to estimate the effect of LBW on the timing to BCG vaccination. Results
from the Kaplan-Meier curves (Figure 1) and testing of the cox model showed a violation of the
proportionality assumption which assumes proportionality of the hazard functions (Supplementary
Figure 1). Parametric regression models were therefore fitted using different distribution such as
the Weibull, exponential, lognormal, loglogistic and Gompertz to assess the association between
LBW and time to BCG vaccination. These parametric models allow for the baseline hazards to
vary and the hazard function does not need to be proportional. The Akaikes information criterion
(AIC) and Bayesian information criterion (BIC) results were used to pick the best model that fits

the dataset. The AIC and BIC suggested the lognormal accelerated failure time (AFT) model.

19



The dependent/outcome variable will be age at BCG vaccination whilst the main independent or
primary exposure will be the weight at birth of infant. Other independent variables of interest will
be socio-demographic characteristics of the participant as well as some health facility factors.

These variables have been noted in some studies to be associated with time to BCG vaccination.

Unadjusted and adjusted regression models with time ratios were used to assess the effect of
birthweight on timing to BCG vaccination. A time ratio is a comparison of rates at which subjects
traverse the survival curve. In an accelerated failure-time model, everyone has the same "baseline"
survival curve. Therefore, the effects of covariates serve to accelerate the passage of time. All
variables irrespective of statistical significance in the univariable model were included in the
adjusted models as some studies had shown associations of these variables with time to BCG

vaccination.

Factors associated with delays to BCG vaccination after four weeks (28 days) of age were
evaluated using binary logistic regression models. Delay to BCG vaccination was determined
based on the World Health Organization’s recommendations for childhood vaccinations [19]. All
infants who received BCG vaccination from birth to 4 weeks of age were classified as not delayed
whilst those who received BCG vaccination after 4 weeks of age were considered to have delayed.
Median age at BCG vaccination was also calculated for each year. The dependent variable here
was delayed/not delayed BCG vaccination whilst the independent or exposure variables were,
participant characteristics, socio-demographic characteristics of the participant as well as some

health facility factors.

Results are presented with 95% confidence intervals (Cl) to demonstrate achieved precision and

statistical significance was set at 5%. The Data was analyzed using Stata 17.0.
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The study was approved by the University of Cape Town Faculty of Health Sciences Human
Research Ethics Committee and the Navrongo Health Research Centre Institutional Review of

Board.

Figure 1: Kaplan Meier curves for different categories of birthweight
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Results
Descriptive Characteristics of participants

A total of 18003 participants were included in the study, of which 9087 (50%) were male. Infants
who weighed below 2000 grams were 363 and had a median BCG vaccination age of 2 days;
interquartile range (IQR) of 1-11 days whilst 1721 (10%) infants weighed between 2000-2499
grams with a median BCG vaccination age of 2 days with IQR of 1-7. The remaining 15919 (88%)

had normal birth weight (>2500 grams) with median BCG vaccination age of 3 days (IQR 1-8).
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Infants born in a health facility, which constituted 96% of the participants, on average received
BCG vaccination at 3 days (3 IQR 1-8) compared to 7days (IQR: 3-15) for those born at home or
elsewhere. Those who were in urban locations, 2422 (13%) also averagely received BCG
vaccination 2 days (median 1 IQR 1-5) earlier than those in rural locations (median 3 IQR 1-9).
Infants whose mothers had no formal education received BCG vaccination later (median 4 IQR 1-
10) compared to those who had some levels of education (Junior High; meadian 3, IQR 1-8, Senior
High; median 2 IQR 1-7, and Tertiary; median 1 IQR 1-5). Infants born to families classified as
the poorest generally received BCG vaccination (median 4 IQR 1-10) later compared to those in
the least poor households (median 1 IQR 1-4). Infants born multiple (twins or more) on average
received BCG vaccination 2 days earlier (median 1 IQR 1-6) than those who were born single
(median 3 IQR 1-8). Both males and females had a median BCG vaccination age of 3 days (IQR

1-8). Details of the characteristics are shown in Table 1.
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Table 1: Summary statistics of participant

Variable N % Median age in days (IQR) of BCG vaccination
Birthweight (Kg)
<2 363 2 2(1-11)
2-2.49 1721 10 2(1-7)
>2.5 15919 88 3(1-8)
Sex
Female 8916 50 3(1-8)
Male 9087 50 3(1-8)
Religion
Traditional 7177 40 4(1-9)
Catholic 4452 25 2(1-7)
Other Christian 5056 28 2(1-8)
Islam 1262 7 2(1-6)
Others 56 0 1(1-4.50)
Mothers Age
<19 2158 12 3(1-9)
20-34 12259 68 3(1-8)
>35 3586 20 3(1-9)
Mothers Education
No education 2659 15 4(1-10)
Primary 5231 29 4(1-10)
Junior high 5794 32 3(1-8)
Senior high 3136 17 2(1-7)
Tertiary 1183 7 1(1-5)
Residence
Rural 15581 87 3(1-9)
Urban 2422 13 1(1-5)
Place of delivery
Health facility 17217 96 3(1-8)
Home/Elsewhere (non-health facility) 786 4 7(3-15)
Ethnicity
Kasem 9187 51 2(1-7)
Nankam 8091 45 4(1-9)
Buli 297 2 4(1-14)
Others 428 2 1(1-5)
Socio-economic status of family
Poorest 4891 27 4(1-10)
Poorer 4082 23 3(1-9)
Poor 3341 18 3(1-8)
Less Poor 3579 20 1(1-7)
Least Poorer 2110 12 1(1-4)
Birth order of child
1t 5839 32 2(1-8)
2nd 3938 22 3(1-8)
3rd 2860 16 3(1-8)
4t 2232 12 3(1-9)
5 1633 9 4(1-9)
6™ or more 1501 8 4(1-11)
Multiple Birth
Single 17163 95 3(1-8)
Multiple 840 5 1(1-6)
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Relationship between BCG vaccination age and birthweight of the participants.

The relationship between age at BCG vaccination and infant birthweight can be described as non-
monotonic one. It is observe from Figure 2, that as the birthweight increases there is an increase

in the age at vaccination up to some point and then subsequently begins to decrease.

Figure 2: Relationship between BCG vaccination age and Birthweight
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Assessing the effect of low birthweight on timing to BCG vaccination

From Table 2, the result from the unadjusted lognormal model shows that infants with birthweight
between 2000- 2499 grams received BCG vaccination earlier compared to those with normal
birthweight (>2500 grams). That is, infants who had birthweight 2000-2499 grams had a 3%
reduced time ratio (TR=0.97, 95% CI: 0.91-1.04) of receiving BCG vaccination compared to those

with normal birthweight whilst those with birthweight <2000 grams had time ratio of 1.15
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compared to those with normal birthweight. This was however not statistically significant in both

the adjusted and unadjusted models.

Other factors had statistically significant effects on timing to BCG vaccination as seen in the
unadjusted model in Table 2. Infants in rural areas had a 20% increased time (TR=1.20, 95% ClI:
1.12-1.29) of receiving BCG vaccination compared to those in urban areas. Similarly, infants born
at home or elsewhere tended to receive BCG vaccination later (TR=1.54, 95% CI: 1.42-1.67) than
those born in a health facility. Maternal age was also statistically significantly associated with time
to BCG vaccination. Children born to mothers who less than 19 years had a 14% increased time
(TR=1.14. 95% CI: 1.04-1.25) in receiving BCG vaccination compared to those who were in age

groups more than 19 years.

The results also showed that children from relatively wealthy households (Less poor; TR=1.14,
95% CI: 1.05-1.24) were more likely to receive BCG vaccination earlier than those from poor
households (Poorer; TR=1.17, 95% CI: 1.07-1.29, Poorest; TR=1.23, 95% CI: 1.13-1.35).
Similarly, the lower the birth order of the infant, the earlier BCG vaccination is received. Infants
who were born multiple (twins or more) were more likely to receive BCG vaccination earlier than

those who were born single (TR=0.72, 95% CI: 0.65-0.80).

Religious denomination, educational level, and ethnic group of the mother were also statistically
significantly associated with BCG vaccination age. Infants whose parents practice African
Traditional Religion received BCG vaccination much later (TR=1.04, 95% CI: 0.95-1.13) than
those who practice Islam. Also, infants whose mothers had no formal education received BCG
vaccination later (TR=1.33, 95% CI: 1.20-1.48) compared to those children to mothers with

tertiary level education. Also, infants from other ethnic groups (Kasem; TR=0.79, 95% CI: 0.67-
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0.93, Nankam; TR=0.85, 95% CI: 0.72-1.00 and Others; TR=0.80, 95% CI: 0.64-0.99) tended, to
receive BCG vaccine much later compared to those from the Buli ethnic group (. There was no

statistically significant difference in time to BCG vaccination and sex of the infant.
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Table 2: Unadjusted and adjusted lognormal models estimating effects of variables on

timing of the BCG Vaccination

Univariable Model (N=15155) Multivariable Model (N=15155)

Characteristic Time ooy Overall Time gp0 oy Overall p-
ratio p-value  ratio value
Birthweight categories (ref:
>2500grams)
<2000 grams 1.05 0.89-1.24 0.078 1.15 0.98-1.36 0.159
2000-2499 grams 0.93 0.86-0.99 0.97 0.91-1.04
Sex (ref: Male)
Female 1.01 0.97-1.05 0.505 1.02 0.98-1.06 0.348
Mothers Age (ref: >35 years)
<19 years 1.02 0.94-1.09 0.004 1.14 1.04-1.25 0.022
20-34 years 0.94 0.89-.099 1.07 1.01-1.14
Mothers  Educational level (ref:
Tertiary)
No education 1.81 1.65-1.98 <0.001 1.33 1.20-1.48 <0.001
Primary 1.78 1.64-1.94 1.34 1.21-1.47
Junior High School 1.54 1.42-1.68 1.22 1.11-1.34
Senior High School 1.29 1.18-1.41 1.10 1.00-1.21
Religion (ref: Islam)
Traditional 1.38 1.27-1.49 <0.001 1.04 0.95-1.13 0.015
Catholic 1.06 0.98-1.15 0.95 0.87-1.04
Other Christians 1.19 1.10-1.30 1.00 0.91-1.09
Others 0.86 0.60-1.25 0.79 0.57-1.10
Ethnicity (ref: Buli)
Kasem 0.74 0.62-0.88 <0.001 0.79 0.67-0.93 0.001
Nankam 0.90 0.76-1.06 0.85 0.72-1.00
Others 0.58 0.47-0.72 0.80 0.64-0.99
Residence (ref: Urban)
Rural 1.55 1.46-1.64 <0.001 1.20 1.12-1.29 <0.001
Socio-economic status (ref: Least Poor)
Poorest 1.73 1.61-1.85 <0.001 1.23 1.13-1.35 <0.001
Poorer 1.63 1.52-1.75 1.17 1.07-1.29
Poor 1.54 1.43-1.65 1.13 1.04-1.24
Less poor 1.41 1.31-1.52 1.14 1.05-1.24
Place of Delivery (ref: Health facility)
Home/elsewhere 1.74 1.60-1.89 <0.001 1.54 1.42-1.67 <0.001
Birth Order of Child (ref: 6™ or more)
1 0.75 0.69-0.81 <0.001 0.82 0.74-0.90 0.004
2nd 0.77 0.71-0.83 0.85 0.77-0.93
3rd 0.79 0.72-0.86 0.86 0.78-0.94
4th 0.81 0.74-0.88 0.85 0.77-0.93
5t 0.88 0.80-0.96 0.90 0.82-0.99
Multiple Birth (ref: Single)
Multiple 0.73 0.66-0.81 <0.001 0.72 0.65-0.80 <0.001

27



Factors associated with delay to BCG vaccination in the first four weeks of age

The study also assessed factors associated with delay to BCG vaccination in the first four weeks
of life using logistic regression and the results are presented in Table 3. In bivariate analysis,
birthweight category, mothers age, ethnicity, religion, residence of family, place of delivery, birth
order of infant and the socio-economic status of the family were all statistically significantly
associated with delayed BCG vaccination in the first four weeks of life. In the multivariable model,
birthweight category, mothers age and place of delivery were statistically significantly associated
with delayed BCG vaccination in the first four weeks of life. Infants with birthweight less than
<2000 grams birthweight category had twofold increased odds of delayed BCG vaccination in the
first four weeks of life compared to those with normal birthweight 2.08(95% CI. 1.47-2.93).
Additionally, infants who were born at home were 1.16 (95% CI: 1.14-1.88) times more likely to
be delayed BCG vaccination in the first four weeks of life compared to those born in a health

facility.
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Table 3:Binary logistic regression models assessing factors associated with delayed BCG

vaccination in the first four weeks of life

Univariable Model (N=18003)

Multivariable Model(N=18003)

Characteristic Odds  geopct P Odds 9561 P
ratio value ratio value
Birthweight categories (ref:
>2500grams)
<2000 grams 2.07 1.49-2.87 <0.001 2.08 1.47-2.93 <0.001
2000-2499 grams 1.23 1.01-1.49 1.24 1.01-1.51
Sex (ref: Male)
Female 0.97 0.86-1.10  0.678 0.97 0.86-1.09 0.583
Mothers Age (ref: >35 years)
<19 years 1.02 1.01-1.53  0.001 1.34 1.00-1.78 0.065
20-34 years 0.90 0.77-1.05 1.05 0.86-1.29
Mothers  Educational level (ref:
Tertiary)
No education 131 0.97-1.75  0.005 1.07 0.76-1.51 0.147
Primary 1.28 0.96-1.67 1.03 0.75-1.42
Junior High School 1.21 0.92-1.59 0.99 0.73-1.35
Senior High School 1.23 0.67-1.23 0.80 0.58-1.11
Religion (ref: Islam)
Traditional 1.34 1.03-1.76 0.016 1.15 0.85-1.57 0.261
Catholic 1.07 0.80-1.42 1.02 0.75-1.39
Other Christians 1.29 0.98-1.70 1.23 0.91-1.66
Others 0.69 0.17-2.91 0.67 0.16-2.82
Ethnicity (ref: Buli)
Kasem 0.64 0.42-0.97  0.002 0.68 0.44-1.03 0.026
Nankam 0.80 0.53-1.22 0.81 0.53-1.24
Others 0.65 0.36-1.16 0.81 0.43-1.50
Residence (ref: Urban)
Rural 1.23 1.02-1.49  0.031 0.98 0.78-1.24 0.896
Socio-economic status (ref: Least Poor)
Poorest 1.48 1.18-1.86  0.006 1.16 0.86-1.57 0.092
Poorer 1.32 1.04-1.67 1.05 0.78-1.42
Poor 1.18 0.92-1.51 0.96 0.71-1.31
Less poor 1.39 1.09-1.76 1.23 0.93-1.63
Place of Delivery (ref: Health facility)
Home/elsewhere 1.59 1.24-2.04 <0.001 1.16 1.14-1.88 0.003
Birth Order of Child (ref: 6™ or more)
1 0.84 0.68-1.04  0.038 0.82 0.61-1.11 0.408
2nd 0.70 0.56-0.89 0.74 0.56-0.99
3rd 0.72 0.56-0.92 0.76 0.57-1.02
4th 0.77 0.59-1.00 0.80 0.60-1.06
5t 0.85 0.64-1.11 0.86 0.65-1.14
Multiple Birth (ref: Single)
Multiple 1.04 0.79-1.38  0.767 0.87 0.65-1.18 0.382
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BCG Vaccination per year

The median age at BCG vaccination from 2012 to 2018 ranged from 1 day to 5 days. The least
median age at BCG vaccination (1 day) was recorded in 2014 and the highest median age at

vaccination (5 days) was in 2015.

Figure 3:Median age at BCG vaccination
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Discussion

The study found that infants with low or very low birthweights had lower median BCG vaccination
age than those with normal birthweight. This observed association however varies from other
studies in other countries and areas which reported LBW infants receiving BCG vaccination
several days later compared to normal birthweight children.[13, 17] This observation could be due
to the Ghana Expanded Program of Immunization (EPI) following the recommendation by the

World Health organization that BCG vaccination should be given to all healthy neonates at birth
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or as soon as possible after birth in countries or settings with high incidence of Tuberculosis. Also,
the increasing number of Community Health Planning and Services (CHPS) who render
vaccination services both at home and the health facilities located in every community in the two
districts could be a possible reason for the timely BCG vaccination of LBW infants.[18] It is
common practice in some countries to delay BCG vaccination of low birthweight infants.[13]
Several studies have documented that BCG may have non-specific and heterologous
immunological effects that increase the in vitro cytokine responses which contribute to the
maturation of the infant immune system and thereby protecting against fatal infections in the
neonatal period.[5, 7, 8, 19] This therefore means that, LBW infants will not get these non-specific

benefits early if BCG vaccination is delayed.[10]

This study also assessed the effect of other maternal and infant characteristics in association with
time to BCG vaccinations. Mothers age and educational level, birth order of the child and multiple
births (twins or more) were observed to statistically significantly associated with time to BCG
vaccination. Place of delivery was also significantly associated with time to BCG vaccination.
Infants born in a health facility received BCG vaccination earlier (median age of 3 days) compared
to those born at home or elsewhere (median age of 7 days). This further emphasizes the importance
of health care facilities in providing timely vaccinations. Other socio-demographic factors, socio-
economic status of the household, residence of participants were also noted to be associated with
time to BCG vaccination. Similar studies in Guinea-Bissau and South Africa found mothers
educational level and socio-economic status of the family to be factors associated with time to
BCG vaccinations.[20, 21] whilst two studies in Kenya and Uganda reported associations of place

of delivery and timing to BCG vaccinations.[13, 22] These therefore highlights the need for
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targeted vaccination strategies in order to reach out to all who are eligible children to ensure timely

BCG vaccination in children.

Factors associated with delayed BCG vaccination in the first four weeks of life were also examined
because receiving BCG vaccination between birth and the first four weeks of age is considered as
timely vaccination Ghana. Similar factors as those associated with timing were seen to be
significantly associated with delay to BCG vaccination in the first four weeks of life. However, in
the multivariable model, only ethnicity of the family, birthweight of infant and place of delivery
were found to be significantly associated with delay to BCG vaccination. These findings are
consistent with previous findings from Ghana and other sub-Saharan African countries[17, 22]. It
is critical that the health service sensitizes various communities on importance delivering in a
health facility and receiving early BCG vaccination uptake for all infants irrespective of

birthweight.

Our study was strengthened by the comprehensive and high-quality data capturing of the NHDSS
which provides population-based samples. Data on vaccination and birthweight are taken from the
child welfare records and not based on recall. This gives us accurate records for analysis. This
study adds to the evidence of timing to infant vaccinations in Ghana and similar sub-Saharan
countries. A limitation of this study is the inability to estimate overall BCG uptake in the two
districts as infants without BCG vaccination were not included in this analysis. Future studies on
BCG vaccination uptake and qualitative studies to understand the reasons for delayed BCG

vaccination in infants is required.

The study further shows that, low birthweight infants can receive BCG vaccination on time if there

are no restrictions regarding vaccination schedules enabling these infants to receive the full
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benefits of the vaccine as delayed vaccination can lead to an increased risk of infections at infancy

and possibly neonatal deaths.
Conclusion

The study shows that low birthweight infants in the study area receive BCG vaccination as timely
as normal birthweight infants with several maternal and infant characteristics as well as socio-

demographic and health system factors been associated with the timing to BCG vaccination.

Supplementary Figure 1

Figure 4:Supplementary Figure: log-log survival curves testing for proportional hazard

assumption
log-log plot testing proportional hazard assumption.
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List of Abbreviations

WHO World Health Organization

B Tuberculosis

BCG Bacille Calmette-Guérin

LBW Low birthweight

NHDSS Navrongo Health and Demographic Surveillance System
AFT Accelerated Failure Time

CHPS Community Health Planning and Services
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PART C: APPENDICES

Appendix 1: Navrongo Health and Demographic Surveillance System (NHDSS)
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Appendix 2: University of Cape Town Human Research Ethics Approval Letter

[ p UNIVERSITY OF CAPE TOWN
A\, Faculty of Health Sciences

Human Research Ethics Committee

Room 45 E-52-E-Floor- Old Main Building
Groote Schuur Hospital

Observatory 7925

Telephone [021] 406 6492

Email; hrec-submissions@uct.ac.za

Website: https://health.uct.ac.za/home/human-research-ethics

31 October 2022
HREC REF: 660/2022

Prof L Myer

Public Health & Family Medicine
FHS

Email: Landon.myer@uct.ac.za

Student: AYMEMMOO1@myuct.ac.za

Dear Prof Myer

PROJECT TITLE: THE EFFECT OF LOW BIRTH WEIGHT ON TIMING TO BCG VACCINATION IN

A RURAL DISTRICT OF NORTHERN GHANA-~
(MASTERS CANDIDATE-MR EMMANUEL AYAMBA)

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics

Committee (HREC) for review.

It is a pleasure to inform you that the HREC has formally approved the above-mentioned study.

Approval is granted for one year until the 30 October 2023.

Please submit a progress form, using the standardised Annual Report Form (FHS0186) if the study
continues beyond the approval period. Please submit a Standard Closure form if the study is completed

within the approval period.
(Forms can be found on our website: www.health.uct.ac.za/fhs/research/humanethics/forms)

The HREC acknowledge that the student: Mr Emmanuel Ayamba will also be involved in this

study.

Please quote the HREC REF 660/2022 in all your correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal

investigator.

Please note that for all studies approved by the HREC, the principal investigator must cbtain appropriate

institutional approval, where necessary, before the research may occur.

Yours sincerely

| Signed by candidate |

PROFESSOR M BLOCKMAN

CHAIRPERSON, FACULTY OF HEALT CIENCES HUMAN RESEARCH ETHI (o] TTEE
Federal Wide Assurance Number: FWA00001637. Institutional Review Board {IRB) number:
IRB0O0001938 NHREC-registration number: REC-210208-007

HREC/ref 660.2022
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This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug in patients, based on the Medical
Research Council (MRC-SA), Food and Drug Administration (FDA-USA), International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use: Good Clinical Practice
(ICH GCP), South African Good Clinical Practice Guidelines (DoH 2020), based on the Association of
the British Pharmaceutical Industry Guidelines (ABPI), and Declaration of Helsinki (2013} guidelines.
The Human Research Ethics Committee granting this approval is in compliance with the ICH
Harmonised Tripartite Guidelines E6: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Cecde Federal Regulation Part 50, 56 and 312,

HREC/ref 660.2022
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Appendix 3: Navrongo Health Research Centre Institutional Review Board Ethics Approval

Letter

-

OUR CORE VALUES Navrongo Health Research Centre

1. People-Centered Institutional Review Board
2. Professionalism Ghana Health Services
3. Team work Post Office Box 114
:' ;2;‘:_[:2“ Navrongo, UER
6. Integrity
My Ref: LBW Effects/10/2022 Your Health. Our Concern Mob: +233-591152102
Your Ref: E-mail: irb@navrongo-hrc.org

20™ October 2022

Mr Emmanuel Yidana Ayamba
Navrongo Health Research Centre
P.O.Box 114

Navrongo

ETHICS APPROVAL ID: NHRCIRB485

Dear Mr Ayamba,
Approval of Protocol titled “The Effect of Low Birth Weight on Timing to
BCG Vaccination in a Rural District of Northern Ghana”

I write to inform you that the Navrongo Health Research Centre Institutional Review Board
(NHRCIRB) has reviewed your protocol and is happy to grant you approval.

The following documents were reviewed and approved;
e Study Protocol version 2.0 dated 11/10/2022
e Questionnaire (Navrongo Iealth Research Centre NDSS Houschold Enumeration and

In-depth Tool)
e CV of Investigators (Emmanuel Yidana Ayamba and Professor Landon Myer)

Please, note that any amendment to these approved documents must receive prior NHRCIRB
approval before implementation. This approval expires on 19" October 2023.

The Board wishes you all the best in your study.

Sincerely, |

Signed by candidate |

D1 Emmanuel Kofi Dzotsi

(Chair, NHRCIRB)

Cc: The Director, NITRC - Navrongo
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Apendix 4: Instructions for authors for preparing Manuscripts

Chosen Journal: BMC Global Health Research and Policy

Please refer to the link provided for all the authors guidelines which have been copied in below

https://ghrp.biomedcentral.com/submission-quidelines/preparing-your-manuscript/research

Preparing your manuscript

The information below details the section headings that you should include in your manuscript and what

information should be within each section.

Please note that your manuscript must include a 'Declarations' section including all of the subheadings

(please see below for more information).

Title page

The title page should:

e present a title that includes, if appropriate, the study design e.g.:

o "Aversus B in the treatment of C: a randomized controlled trial", "X is a risk factor
for Y: a case control study"”, "What is the impact of factor X on subject Y: A

systematic review"
o or for non-clinical or non-research studies a description of what the article reports

o list the full names and institutional addresses for all authors
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o ifacollaboration group should be listed as an author, please list the Group name as
an author. If you would like the names of the individual members of the Group to
be searchable through their individual PubMed records, please include this
information in the “Acknowledgements” section in accordance with the

instructions below

indicate the corresponding author

Abstract

The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do not cite

references in the abstract. Reports of randomized controlled trials should follow the CONSORT extension

for abstracts. The abstract must include the following separate sections:

Background: the context and purpose of the study
Methods: how the study was performed and statistical tests used
Results: the main findings

Conclusions: brief summary and potential implications

Trial registration: If your article reports the results of a health care intervention on human
participants, it must be registered in an appropriate registry and the registration number
and date of registration should be in stated in this section. If it was not registered
prospectively (before enrollment of the first participant), you should include the words

'retrospectively registered’. See our editorial policies for more information on trial

registration
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https://www.biomedcentral.com/getpublished/editorial-policies

Keywords

Three to ten keywords representing the main content of the article.

Background

The Background section should explain the background to the study, its aims, a summary of the existing

literature and why this study was necessary or its contribution to the field.

Methods

The methods section should include:

the aim, design and setting of the study

« the characteristics of participants or description of materials

o a clear description of all processes, interventions and comparisons. Generic drug names
should generally be used. When proprietary brands are used in research, include the brand

names in parentheses

« the type of statistical analysis used, including a power calculation if appropriate

Results

This should include the findings of the study including, if appropriate, results of statistical analysis which

must be included either in the text or as tables and figures.

Discussion
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This section should discuss the implications of the findings in context of existing research and highlight

limitations of the study.

Conclusions

This should state clearly the main conclusions and provide an explanation of the importance and relevance

of the study reported.

List of abbreviations

If abbreviations are used in the text they should be defined in the text at first use, and a list of

abbreviations should be provided.

Declarations

All manuscripts must contain the following sections under the heading 'Declarations':

Ethics approval and consent to participate

e Consent for publication

e Availability of data and materials

o Competing interests

e Funding

o Authors' contributions

e Acknowledgements
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o Authors' information (optional)

Please see below for details on the information to be included in these sections.

If any of the sections are not relevant to your manuscript, please include the heading and write 'Not

applicable' for that section.

Ethics approval and consent to participate

Manuscripts reporting studies involving human participants, human data or human tissue must:

« include a statement on ethics approval and consent (even where the need for approval was

waived)

e include the name of the ethics committee that approved the study and the committee’s

reference number if appropriate

Studies involving animals must include a statement on ethics approval and for experimental studies
involving client-owned animals, authors must also include a statement on informed consent from the

client or owner.

See our editorial policies for more information.

If your manuscript does not report on or involve the use of any animal or human data or tissue, please

state “Not applicable” in this section.

Consent for publication
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If your manuscript contains any individual person’s data in any form (including any individual details,
images or videos), consent for publication must be obtained from that person, or in the case of children,

their parent or legal guardian. All presentations of case reports must have consent for publication.

You can use your institutional consent form or our consent form if you prefer. You should not send the

form to us on submission, but we may request to see a copy at any stage (including after publication).

See our editorial policies for more information on consent for publication.

If your manuscript does not contain data from any individual person, please state “Not applicable” in this

section.

Availability of data and materials

All manuscripts must include an ‘Availability of data and materials’ statement. Data availability statements
should include information on where data supporting the results reported in the article can be found
including, where applicable, hyperlinks to publicly archived datasets analysed or generated during the
study. By data we mean the minimal dataset that would be necessary to interpret, replicate and build
upon the findings reported in the article. We recognise it is not always possible to share research data
publicly, for instance when individual privacy could be compromised, and in such instances data

availability should still be stated in the manuscript along with any conditions for access.

Authors are also encouraged to preserve search strings on searchRxiv https://searchrxiv.org/, an archive

to support researchers to report, store and share their searches consistently and to enable them to review
and re-use existing searches. searchRxiv enables researchers to obtain a digital object identifier (DOI) for

their search, allowing it to be cited.
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Data availability statements can take one of the following forms (or a combination of more than one if

required for multiple datasets):

The datasets generated and/or analysed during the current study are available in the

[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

The datasets used and/or analysed during the current study are available from the

corresponding author on reasonable request.

All data generated or analysed during this study are included in this published article [and

its supplementary information files].

The datasets generated and/or analysed during the current study are not publicly available
due [REASON WHY DATA ARE NOT PUBLIC] but are available from the

corresponding author on reasonable request.

Data sharing is not applicable to this article as no datasets were generated or analysed

during the current study.

The data that support the findings of this study are available from [third party name] but
restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available. Data are however available from the

authors upon reasonable request and with permission of [third party name].

Not applicable. If your manuscript does not contain any data, please state ‘Not applicable’

in this section.
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More examples of template data availability statements, which include examples of openly available and

restricted access datasets, are available here.

BioMed Central also requires that authors cite any publicly available data on which the conclusions of the
paper rely in the manuscript. Data citations should include a persistent identifier (such as a DOI) and
should ideally be included in the reference list. Citations of datasets, when they appear in the reference
list, should include the minimum information recommended by DataCite and follow journal style. Dataset
identifiers  including DOIs should be expressed as full URLs. For example:
Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought monitoring and prediction

system (GIDMaPS) data sets. figshare. 2014. http://dx.doi.org/10.6084/m9.figshare.853801

With the corresponding text in the Availability of data and materials statement:

The datasets generated during and/or analysed during the current study are available in the [NAME]

repository, [PERSISTENT WEB LINK TO DATASETS)]. [Reference number]

If you wish to co-submit a data note describing your data to be published in BMC Research Notes, you can

do so by visiting our submission portal. Data notes support open data and help authors to comply with

funder policies on data sharing. Co-published data notes will be linked to the research article the data

support (example).

Competing interests

All financial and non-financial competing interests must be declared in this section.

See our editorial policies for a full explanation of competing interests. If you are unsure whether you or

any of your co-authors have a competing interest please contact the editorial office.
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http://www.biomedcentral.com/submissions/editorial-policies#competing+interests

Please use the authors initials to refer to each authors' competing interests in this section.

If you do not have any competing interests, please state "The authors declare that they have no competing

interests" in this section.

Funding

All sources of funding for the research reported should be declared. The role of the funding body in the
design of the study and collection, analysis, and interpretation of data and in writing the manuscript

should be declared.

Authors' contributions

The individual contributions of authors to the manuscript should be specified in this section. Guidance

and criteria for authorship can be found in our editorial policies.

Please use initials to refer to each author's contribution in this section, for example: "FC analyzed and
interpreted the patient data regarding the hematological disease and the transplant. RH performed the
histological examination of the kidney, and was a major contributor in writing the manuscript. All authors

read and approved the final manuscript.”

Acknowledgements

Please acknowledge anyone who contributed towards the article who does not meet the criteria for

authorship including anyone who provided professional writing services or materials.

Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements

section.


http://www.biomedcentral.com/submissions/editorial-policies#authorship

See our editorial policies for a full explanation of acknowledgements and authorship criteria.

If you do not have anyone to acknowledge, please write "Not applicable" in this section.

Group authorship (for manuscripts involving a collaboration group): if you would like the names of the
individual members of a collaboration Group to be searchable through their individual PubMed records,
please ensure that the title of the collaboration Group is included on the title page and in the submission
system and also include collaborating author names as the last paragraph of the “Acknowledgements”
section. Please add authors in the format First Name, Middle initial(s) (optional), Last Name. You can add
institution or country information for each author if you wish, but this should be consistent across all

authors.

Please note that individual names may not be present in the PubMed record at the time a published article

is initially included in PubMed as it takes PubMed additional time to code this information.

Authors' information

This section is optional.

You may choose to use this section to include any relevant information about the author(s) that may aid
the reader's interpretation of the article, and understand the standpoint of the author(s). This may include
details about the authors' qualifications, current positions they hold at institutions or societies, or any
other relevant background information. Please refer to authors using their initials. Note this section

should not be used to describe any competing interests.

Footnotes
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Footnotes can be used to give additional information, which may include the citation of a reference
included in the reference list. They should not consist solely of a reference citation, and they should never

include the bibliographic details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript
lower-case letters (or asterisks for significance values and other statistical data). Footnotes to the title or

the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

References

See our editorial policies for author guidance on good citation practice

Preparing tables

When preparing tables, please follow the formatting instructions below.

o Tables should be numbered and cited in the text in sequence using Arabic numerals (i.e.

Table 1, Table 2 etc.).

o Tables less than one A4 or Letter page in length can be placed in the appropriate location

within the manuscript.

o Tables larger than one A4 or Letter page in length can be placed at the end of the document
text file. Please cite and indicate where the table should appear at the relevant location in

the text file so that the table can be added in the correct place during production.
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Larger datasets, or tables too wide for A4 or Letter landscape page can be uploaded as

additional files. Please see [below] for more information.

Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xIs ) or

comma separated values (.csv). Please use the standard file extensions.

Table titles (max 15 words) should be included above the table, and legends (max 300

words) should be included underneath the table.

Tables should not be embedded as figures or spreadsheet files, but should be formatted

using ‘Table object’ function in your word processing program.

Color and shading may not be used. Parts of the table can be highlighted using superscript,
numbering, lettering, symbols or bold text, the meaning of which should be explained in a

table legend.

Commas should not be used to indicate numerical values.

If you have any questions or are experiencing a problem with tables, please contact the customer service

team at info@biomedcentral.com.

Preparing figures

When preparing figures, please follow the formatting instructions below.

Figures should be numbered in the order they are first mentioned in the text, and uploaded
in this order. Multi-panel figures (those with parts a, b, ¢, d etc.) should be submitted as a

single composite file that contains all parts of the figure.
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o Figures should be uploaded in the correct orientation.

o Figure titles (max 15 words) and legends (max 300 words) should be provided in the main

manuscript, not in the graphic file.

o Figure keys should be incorporated into the graphic, not into the legend of the figure.

o Each figure should be closely cropped to minimize the amount of white space surrounding
the illustration. Cropping figures improves accuracy when placing the figure in
combination with other elements when the accepted manuscript is prepared for publication
on our site. For more information on individual figure file formats, see our detailed

instructions.

o Individual figure files should not exceed 10 MB. If a suitable format is chosen, this file

size is adequate for extremely high quality figures.

o Please note that it is the responsibility of the author(s) to obtain permission from the
copyright holder to reproduce figures (or tables) that have previously been published
elsewhere. In order for all figures to be open access, authors must have permission from
the rights holder if they wish to include images that have been published elsewhere in non
open access journals. Permission should be indicated in the figure legend, and the original

source included in the reference list.

Figure file types

We accept the following file formats for figures:

e EPS (suitable for diagrams and/or images)
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o PDF (suitable for diagrams and/or images)

o Microsoft Word (suitable for diagrams and/or images, figures must be a single page)
o PowerPoint (suitable for diagrams and/or images, figures must be a single page)

e TIFF (suitable for images)

o JPEG (suitable for photographic images, less suitable for graphical images)

e PNG (suitable for images)

o BMP (suitable for images)

e CDX (ChemDraw - suitable for molecular structures)

For information and suggestions of suitable file formats for specific figure types, please see our author

academy.

Figure size and resolution

Figures are resized during publication of the final full text and PDF versions to conform to the BioMed

Central standard dimensions, which are detailed below.

Figures on the web:

« width of 600 pixels (standard), 1200 pixels (high resolution).

Figures in the final PDF version:

width of 85 mm for half page width figure

width of 170 mm for full page width figure

maximum height of 225 mm for figure and legend

image resolution of approximately 300 dpi (dots per inch) at the final size
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Figures should be designed such that all information, including text, is legible at these dimensions. All lines

should be wider than 0.25 pt when constrained to standard figure widths. All fonts must be embedded.

Figure file compression

Vector figures should if possible be submitted as PDF files, which are usually more

compact than EPS files.

e TIFF files should be saved with LZW compression, which is lossless (decreases file size

without decreasing quality) in order to minimize upload time.

e JPEG files should be saved at maximum quality.

« Conversion of images between file types (especially lossy formats such as JPEG) should

be kept to a minimum to avoid degradation of quality.

If you have any questions or are experiencing a problem with figures, please contact the customer service

team at info@biomedcentral.com.
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