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ABSTRACT

Introduction Women of reproductive age (WRA) are

a high-risk population for anaemia and micronutrient
deficiencies. Evidence supports the role of
periconceptional nutrition in the development of adverse
pregnancy complications. However, in India, there are
limited population-based data to guide evidence-based
recommendations and priority setting. The objective of this
study is to conduct a population-based biomarker survey
of anaemia and vitamin B,, and folate status in WRA as
part of a periconceptional surveillance programme in
Southern India.

Methods WRA (15-40 years) who are not pregnant or
lactating and reside within 50 km? of our community
research site in Southern India will be screened and invited
to participate in the biomarker survey at our research
facility at Arogyavaram Medical Centre. After informed
consent/assent, structured interviews will be conducted by
trained nurse enumerators to collect sociodemographic,
dietary, anthropometry, health and reproductive history
data. Venous blood samples will be collected at enrolment;
whole blood will be analysed for haemoglobin. Plasma,
serum and red blood cells (RBCs) will be processed

and stored <—80°C until batch analysis. Vitamin B,
concentrations will be measured via chemiluminescence,
and RBC and serum folate concentrations will be evaluated
using the World Health Organisation (WHO)-recommended
microbiological assay at our laboratory in Bangalore.
AWHO surveillance system will also be established to
determine the baseline prevalence of birth defects in this
setting.

Ethics and dissemination This study has obtained
clearance from the Health Ministry Screening Committee
of the Indian Council of Medical Research. The study
protocol was reviewed and approved by the Institutional
Review Board at Cornell University and the Institutional
Ethics Committees at Arogyavaram Medical Centre

and St. John’s Research Institute. Findings from this
biomarker survey will establish the burden of anaemia and
micronutrient deficiencies in WRA and directly inform a

Strengths and limitations of this study

» This population-based biomarker survey is the first
study to date to establish the burden of anaemia and
micronutrient deficiencies in women of reproductive
age in this setting.

» This protocol describes the development of an
established Centers for Disease Control and
Prevention site for the gold standard World Health
Organisation (WHO)-recommended microbiological
assay for folate and WHO Southeast Asia Regional
Office (SEARO) site for newborn and birth defects
surveillance.

» One limitation of this study is that its cross-sectional
design will not enable evaluation of the effects of
micronutrients on anaemia or changes in nutritional
biomarkers over time.

» Findings from this biomarker survey will inform
the development of a randomised efficacy trial of
quadruple-fortified salt for anaemia and birth de-
fects prevention in Southern India.

randomised trial for anaemia and birth defects prevention
in Southern India. The results of this study will be
disseminated at international research conferences and as
published articles in peer-reviewed journals.

Trial registration numbers Clinical trials registration
number NCT04048330, NCT03853304 and Clinical

Trials Registry of India (CTRI) registration number
REF/2019/03/024479.

INTRODUCTION

Women of reproductive age (WRA) are a
high-risk population for anaemia and micro-
nutrient deficiencies due to social structures
and the physical demands of pregnancy and
lactation, particularly in South Asia.'™ Inade-
quate periconceptional folate and vitamin B,,
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status are implicated in the development of birth defects
and other pregnancy complications.”® Randomised trials
established that periconceptional folic acid supplementa-
tion can prevent the occurrence and recurrence of neural
tube defects (NTDs),”"! and fortification of staple foods
with folic acid has been associated with decreasing NTDs
in many countries around the globe."** Red blood cell
(RBC) folate has been identified as a biomarker of NTD
risk at the population level,15 16 and increases in RBC
folate concentrations predicted reductions in NTD risk
of up to 10-fold in USA, Chinese and Irish populaltions.17
'® Emerging evidence has identified maternal vitamin
B, deficiency as a risk factor for NTDs,” and vitamin
B, status may modify circulating folate biomarkers that
predict NTD risk.'® It is estimated that the burden of
NTDs in India is among the highest in the world."? *
However, there is little representative population-level
data from Southern India. Surveillance programmes
are urgently needed to establish the burden of anaemia
and key micronutrient deficiencies in settings such as
Southern India to inform interventions for anaemia and
birth defects prevention.

The objective of this study is to conduct a biomarker
survey of anaemia and vitamin B, and folate status
in WRA as part of a periconceptional surveillance
programme in Southern India and to inform the develop-
ment of a randomised trial for anaemia and birth defects
prevention. As part of this surveillance programme, we
are also establishing the World Health Organisation
(WHO)-recommended microbiological assay (MBA) for
folate at our laboratory in Bangalore, India, and a WHO-
SEARO site for birth defects surveillance in this setting.
Findings from this preintervention biomarker survey will
directly inform the development of a randomised effi-
cacy trial of quadruple-fortified salt for the prevention of
anaemia and birth defects in Southern India and serve as
the foundation for future public health programmes to
improve the health of women and young children in this
population.

METHODS

Study site

This biomarker survey will be conducted as part of a
periconceptional surveillance programme in Southern
India. This research study is a collaboration between
Cornell University, the Centers for Disease Control
and Prevention (CDC), Arogyavaram Medical Centre
(AMC) and St. John’s Research Institute (SJRI). The
community-based surveillance programme is located in
Chittoor, Andhra Pradesh, India, approximately 3 hours
from Bangalore, India. The catchment area includes
approximately 15000 households and 75000 individ-
uals. A subset of these households is visited on an annual
basis to assess sociodemographic information, health
and nutritional status of WRA and utilisation of commu-
nity health services.

Preparations for field activities

Research facilities at Arogyavaram Medical Centre (AMC)

Prior to the start of data collection, a dedicated research
building was identified and renovated, including installa-
tion of generators and internet. The renovation included
seven rooms for primary data collection, with dedicated
stations for collection of biochemical specimens, anthro-
pometry and dietary assessment, private rooms for assess-
ment of women’s health and reproductive history and a
room with locked cabinets for storage of consent forms
and data collection instruments. A dedicated research
team was hired and trained on research protocols,
research ethics and data quality assurance/quality control
(QA/QQC), including a study coordinator, field supervi-
sors, laboratory manager, laboratory technicians, phle-
botomists, research assistants and nurse enumerators.

Central and field site research laboratories

A dedicated laboratory space was constructed at our
central laboratory at SJRI, for the WHO-recommended
MBA for folate, with expert guidance from CDC. Two
rooms were renovated for preparation and analysis of
samples and equipped with yellow light UV-filters (Litho-
protect, Microchemicals, Germany) to protect folate
compounds from white UV light. Laboratory protocols
for sample collection and processing and for conducting
the folate MBA were developed and adapted in collabo-
ration with the CDC. Laboratory staff participated in a
2-week hands-on training on the folate MBA at the CDC
in Atlanta, Georgia. The laboratory is joining the CDC
Performance Verification Program for the folate MBA in
2020. Completion of methods and performance of the
folate MBA will be reported in future manuscripts on
completion and verification of analyses.

A field site research laboratory was established
at AMC, including dedicated space for processing
samples, portable freezers (ie, -20°C to +10°C), a -80°C
freezer for archiving samples, a generator and trained
laboratory staff in research and laboratory methods.
Yellow light UV-filters (Lithoprotect, Microchemicals,
Germany) were also installed in the AMC laboratory.

Birth defects surveillance

A hospital-based birth defects surveillance system was
established with local hospitals, including the Govern-
ment Hospital and AMC, at the direction of the WHO
Southeast Asia Regional Office (SEARO). Clinical
nurse research assistants and a study coordinator
were trained in the Southeast Asia Region Newborn
and Birth Defects (SEAR-NBBD) Database at the All
India Institute of Medical Science (AIIMS) in New
Delhi, India. Training included identification of birth
defects, data collection and entry in the online SEAR-
NBBD surveillance system, using methods outlined in
the WHO/CDC Birth Defects Surveillance Manual?! 22
and SEAR-NBBD Manual.*> The SEAR-NBBD system
provides support for verification of data reported
online to maintain data quality in terms of correctness
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and completeness. Prospective hospital-based surveil-
lance of monthly delivery data began with deliveries
in January 2015 and prospective SEAR-NBBD birth
defects surveillance initiated in February 2019. Infor-
mation on pregnancies resulting in a birth defect are
recorded, including date, pregnancy outcome, photo-
graph record of birth defect using standard methods
and details of the woman’s previous adverse pregnancy
outcomes.

Census

As part of the community-based surveillance programme,
a census was conducted of all households within the AMC
catchmentarea. This provided the foundation for the peri-
conceptional surveillance programme and identification
and selection of households and WRA for the biomarker
survey described below. Houses were contacted by trained
nurse enumerators, with household level data collected
6 days per week (Monday-Saturday, beginning July

2017). If an adult (218years) was present, enumerators
asked if the household was willing to participate in the
census, and informed consent was audio—video recorded.
Whenever possible, enumerators returned to all house-
holds until they made contact with an adult (=18years).
If a household did not consent to participate, or if no
eligible participant could be located, the location of the
house was recorded, and basic demographic information
(eg, urban/rural and village /ward) was recorded. As part
of the community-based surveillance programme, data
collection was conducted in 19196 households (rural: 10
117; urban: 9079).

Periconceptional surveillance programme: catchment area

A census has been completed for all households within
a 50km? catchment area (6552 households; rural: 3124,
urban: 3428) of AMC (table 1). A total of 5708 WRA
(15—40 years; rural: 2649, urban: 3059) were identified
residing in 3865 households (rural: 1760; urban: 2105).

Table 1 Population characteristics: census of all households in catchment area

Rural

Urban Total

Variables

GM (95% Cl) or n (%)

GM (95%Cl)orn (%) GM (95% Cl) or n (%)

Households

Total households screened”
Consent obtained
Average household size
Households with >1 WRA
Households with >2 WRA
Native language Telugu
Women of reproductive age
Not pregnant or lactating
Pregnant
Lactating
WRA
Eligible (15-40 years, not pregnant or lactating)
Age
Marital status
Currently married
Widowed, divorced or separated
Never married
Has children
Number of children
Some formal education
Employment status
Not formally employed
Full time

Part time or seasonal
Student

3124 3428 6552
3092 (99.0) 3364 (98.1) 6456 (98.5)
3.4 (3.4 to 3.5) 3.5 (3.4 to 3.5) 3.5 (3.4 to 3.5)
1760 (56.9) 2105 (62.6) 3865 (59.9)
370 (11.9) 398 (11.8) 768 (11.9)
2477 (79.3) 2791 (81.4) 5268 (80.4)
2649 3059 5708

2214 (83.6) 2564 (83.8) 4778 (83.7)
122 127 249

313 368 681

2214 (83.6) 2564 (83.8) 4778 (83.7)

26.5 (26.2 to 26.9)

26.6 (26.3 to 26.9)

26.7 (26.3 to 26.8)

1469 (66.5) 1765 (69.1) 3234 (67.9)
82 (3.7) 79 (3.1) 162 (3.4)

658 (29.8) 710 (27.8) 1368 (28.7)
1326 (60.1) 1600 (62.4) 2926 (61.9)
1.9(1.9t0 1.9) 1.9 (1.9 t0 2.0) 1.9 (1.9 t0 1.9)
1762 (79.8) 2035 (79.5) 3797 (79.6)
871 (39.4) 1107 (43.2) 1978 (41.5)
729 (33.0) 771 (30.1) 1500 (31.4)
137 (6.2) 146 (5.7) 283 (5.9)

474 (21.4) 535 (20.9) 1009 (21.2)

*n=6 houses were not located.

GM, geometric mean; WRA, woman of reproductive age (15-40 years).
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Findings will be used to directly inform the selection of
households for the biomarker survey, with a target sample
size of 1500 WRA.

Patient and public involvement
No patients were directly involved in the design, plan-
ning, conception and conduct of this study.

Biomarker survey in women of reproductive age

Electronic data capture (EDC)

Electronic case report forms (CRFs) will be developed
within the ConnEDCt EDC platform. ConnEDCt is a
complex, adaptive, relational database that has been
previously described.** ConnEDCt functions in settings
with limited or no internet and uses logic rules to adapt
CRFs and variables in real-time as data are entered,
optimising data quality and streamlining data capture
workflows. ConnEDCt is synced daily to an encrypted,
third-party cloud server to ensure data integrity, to harmo-
nise data across multiple collection points and to adhere
to privacy and data protection regulations in India and
the USA. ConnEDCt uses role-based, password-protected
user accounts to protect data.

Development of Case Report Forms (CRFs)

Case report forms will be developed to evaluate sociode-
mographic characteristics of the household and to collect
sociodemographic, dietary, anthropometric, health,
reproductive history and biochemical data from WRA.
The women’s health questionnaire will be developed in
collaboration with the CDC, including questions that are
developed and adapted based on a CDC programme,
Birth Defects Study to Evaluate Pregnancy ExposureS.
An interactive 24-hour dietary recall will be developed
in collaboration with colleagues at SJRI*’; AMC research
staff will participate in trainings at SJRI on dietary assess-
ment methods and administration of a 24-hour recall. All
questionnaires will be translated to the local language
(Telugu), adapted for cultural sensitivity and piloted
prior to data collection.

Surveillance sample: biomarker survey

In order to obtain representative, population-level data in
this setting, all rural households (n=3124) and a random
subset (n=1000) of urban households in the 50 km? catch-
ment area will be selected for subsequent screening and
recruitment of WRA for the biomarker study, with a target
sample size of 1500 WRA. The random sample of urban
households (n=1000) will be selected from the census,
through a simple random sample conducted by a biostat-
istician from the CDC (CER) otherwise uninvolved with
study implementation or data collection. For households
with more than one eligible WRA, an a priori algorithm
will be developed to randomly select one eligible WRA as
the proband for the biomarker survey, for a final sample
with one eligible WRA per household. An overview of the
census and periconceptional surveillance programme,
and household and participant recruitment for the
biomarker survey is presented in figure 1.

Census 19,635 Households

A

6,552 Households

Catchment Area Rural: 3,124; Urban: 3,428

#>-| 96 Did not consent

A

6,456 Households
consented to Census

l

4,124 Households
Rural: 3,124; Urban: 1000

Surveillance Sample

T
1
1
1
|

v
Periconceptional # Women of reproductive
Surveillance age screened
# Not eligible
# Pregnant
»| # Lactating
y # Outside age range

# Eligible WRA
Rural: #; Urban: #

®| # Did not consent
4

# Eligible WRA consented

# Did not attend AMC for
data collection

\ 4

A

# WRA Attended AMC for
data collection

Biomarker Survey

VL y A4 A

# Biological
samples
collected

# NTD Risk # Anthropometric

factor data data # Dietary data

Figure 1 Participant flow chart. AMC, Arogyavaram
Medical Centre; NTD, neural tube defect; WRA, women of
reproductive age.

Inclusion and exclusion criteria and screening

Participants will be female, aged 15-40 years, who are
currently not pregnant or lactating. For the biomarker
survey, all households will be recontacted to confirm
the roster household members, provide information
regarding the biomarker study to family members,
identify WRA and evaluate eligibility for the biomarker
survey. Women who are identified as potentially eligible
for the biomarker study will be screened for age and
current reproductive status privately by trained nurse
enumerators.

Programmatically, all eligible WRA in the household
will be invited to participate in the biomarker survey, and
research field staff will be blinded to which WRA is the
proband. Women who are eligible for the biomarker study
will receive information on the study, be asked if they would
be interested in participating and be invited to participate
in informed consent or assent. Women who are pregnant or
who have severe anaemia (<8.0g/dL) will be immediately
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referred to a local clinic for follow-up, as per standard of
care.

Informed consent or assent

Informed consent will be conducted in a private space
in the individual’s home or in a private room at AMC
for individuals 18 years of age or older. For participants
aged 15—<18 years, informed assent will be conducted at
their home, in the presence of their parent or guardian.
Informed consent (or assent) forms will be read aloud to
all participants by a trained nurse enumerator. Written
informed consent or assent will be obtained from all study
participants, with audiovisual recording in accordance
with regulations of the government of India for clinical
trials. If a woman is not able to read, a literate witness will
be present to sign the form as a witness of the informed
consent/assent process, and the individual will be asked
to sign the form via a thumbprint.

Trained nurse enumerators will explain the purpose,
study procedures and potential risks and benefits involved
in study participation and answer any questions. They will
clearly explain to each participant that her participation
in the research is entirely voluntary and that she can stop
participating at any time after consent is granted without
any penalty. Participants will be provided with contact
information for key study personnel, including the prin-
cipal investigator, if any questions arise during or after
the study. After completing the informed consent/assent
process, individuals who consent to participate will be
provided an appointment and invited to participate in
data collection.

Data collection
Data will be collected at our central research facility at
AMC. Transportation to and from AMC will be provided

for participants, as needed. Eligibility and consent will
be confirmed before initiation of data collection. Indi-
viduals who express an interest in participating in the
biomarker study but miss their scheduled appointment
for informed consent or data collection will be followed
up to reschedule appointments.

Data collection will include sociodemographic charac-
teristics, overall health, dietary assessment (via 24-hour
recall), anthropometry, reproductive history and biolog-
ical specimen collection (table 2).

Sociodemographic

Structured interviews will be conducted to collect data on
sociodemographic characteristics, including age, employ-
ment, current marital status, highest level of schooling
attained, average monthly income and number of chil-
dren who are currently living.

Dietary assessment

An interviewer-administered structured interactive
multipass CRF will be used to conduct a 24-hour recall,
with standard utensils and food containers for prompts
and measurement of portion sizes. This questionnaire
will include foods consumed (ie, type of food, amount
consumed and time) and include items on cooking
methods and questions relating to food fortification, salt
use and consumption patterns, and specific food items
containing iron, vitamin B, and folate.

Anthropometry

Anthropometric measurements, including weight
(recorded via a digital balance to the nearest 0.01kg),
height (using a stadiometer to the nearest 0.1 cm), mid-
upper arm, waist and hip circumferences (using a tape
measure to the nearest 0.1cm) and triceps skinfolds

Table 2 Data collection

Data collection forms Sociodemographic

Dietary

Women’s Health Questionnaire

24-hour recall
Health status®
Reproductive history

Risk factors for NTDs
Anthropometry Circumference Waist and hip
Mid-upper arm
Skinfolds Triceps
Biological samples Blood, saliva and urine
Biomarker assessment Indicator Definition

Complete blood count
Erythrocyte (RBC) folate®
Serum folate'

Total vitamin B,

Folate status

Vitamin B,, status

Haemoglobin and anaemia

Hb <12.0g/dL, <8.0g/dL
RBC folate <305 nmol/L, <748 nmol/L
Serum folate <7.0 nmol/L
Vitamin B,, <148 pmol/L, <221 pmol/L

*Morbidity, signs and symptoms.
TWHO-recommended microbiological assay.
NTDs, neural tube defects; RBC, red blood cell.
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(using callipers to the nearest 0.5 mm), will be measured
in triplicate by trained research assistants.

Women'’s Health Questionnaire

A structured questionnaire will be used to collect data
on women’s overall health (including current signs and
symptoms), reproductive history, pregnancy history,
pregnancy outcomes (including birth defects) and addi-
tional questions on current and past exposures that have
been linked to increased risk of birth defects, including
smoking, obesity and medications.

Biological specimen collection

Biological specimens to be collected include blood,
saliva and urine samples. Blood samples will be anal-
ysed for haemoglobin, total vitamin B, concentrations,
whole blood folate (in a whole blood lysate, with calcu-
lations to determine erythrocyte folate, also called RBC
folate) and serum folate concentrations for the primary
outcomes (table 2); additional samples will be processed,
aliquoted and archived for future laboratory analyses.
Blood: venous blood (12mlL) will be collected in three
vacutainers (ie, red-top, purple-top dipotassium ethylene-
diaminetetraacetic acid (K2EDTA) and blue-top metal
free K2EDTA) for each participant. After collection,
blood samples will be immediately stored in a portable
freezer unit (ie, -20°C-10°C) at 4°C—-6°C until processing
within 4 hours. Urine: urine will be collected from partic-
ipants (28 mL) using the ‘clean catch’ method in a desig-
nated bathroom at AMC. Participants will be provided a
labelled acid-washed urine collection cup and alcohol-
free towelettes. Trained research assistants will describe
sample collection to participants, and visual aids will be
posted on the walls in the bathroom. After collection,
urine samples will be stored at 4°C-6°C until processing
within 4hours. Saliva: prior to saliva collection, partici-
pants will be asked if they consumed any foods or bever-
ages in the previous 30 min; if not, participants will be
provided instructions on saliva sample collection (=2mL)
and provided with a straw and/or cotton ball to assist with
saliva collection. If participants have consumed foods or
beverages in the past 30 min, they will be redirected to
other data collection stations until the 30 min window has
passed, and then requested to return to the biochemical
station for saliva collection.

Sample processing and storage

Samples will be processed and stored using laboratory
protocols developed in collaboration with colleagues at
the CDC. Red-top vacutainers will be processed first, then
purple-top vacutainers, and then blue-top vacutainers.
After clotting for 30-40 min at room temperature, the red-
top vacutainers will be centrifuged for 10min (~1400 G)
to separate serum from cells, and serum will be aliquoted
and archived for future analyses. Purple-top vacutainers
will be allowed to reach room temperature, remixed by
inversion, and 100 pL of whole blood will be added to
1mL of 1% ascorbic acid to generate a whole blood lysate

for the MBA for erythrocyte folate. Purple-top vacutainers
will be analysed for complete blood count; remaining
blood will be centrifuged for 10min (~1400 G), and
plasma will be aliquoted and stored for future analyses.
Finally, blue-top vacutainers will be allowed to reach
room temperature, remixed by inversion, centrifuged
for 10min (~1400 G), and plasma will be aliquoted into
metal-free cryovials. Cryovials of blood, serum and plasma
samples will be stored <-80°C until laboratory analyses
in batch. Urine samples will be aliquoted into metal-free
and standard cryovials. Urine and saliva samples will be
archived <-80°C for future analyses.

Laboratory analyses

Complete blood count (Hb) will be analysed with a
Coulter counter in real-time at our field site laboratory.
Serum total vitamin B, concentrations will be assessed
via chemiluminescence (Elecsys 2010 Roche Diagnostics,
Mannheim, Germany). Erythrocyte (RBC) folate and
serum folate concentrations will be measured using the
WHO-recommended microbiological assay at our labora-
tory at SJRI in Bangalore, India.

Primary outcomes

The primary outcomes for the biomarker survey are

presented in table 2:

1. Haemoglobin concentrations, g/dL; anaemia and se-
vere anaemia.

2. Folate status: RBC folate and serum folate concentra-
tions, nmol/L; folate deficiency and insufficiency.

3. Vitamin B, status: total vitamin B, concentrations,
pmol/L; vitamin B, deficiency and insufficiency.
Anaemia and severe anaemia will be defined as

haemoglobin <12.0g/dL and <8.0g/dL, respectively.

Vitamin B, deficiency and insufficiency will be defined

as total vitamin B, <148pmol/L and <221 pmol/L,26 27

respectively. Folate deficiency will be defined as eryth-

rocyte folate <305 nmol/L (risk of macrocytic anaemia);

folate insufficiency will be defined as erythrocyte

folate <748 nmol/L (risk of NTDs), the recommended

calibrator-adjusted equivalent of the threshold for

optimal prevention of NTDs.'®*

Ethics and dissemination

The study protocol has been reviewed and approved by
the Institutional Review Board (IRB) at Cornell Univer-
sity, the Institutional Ethics Committee (IEC) at AMC
and the IEC at SJRI. A CDC research determination
was conducted, and non-disclosure of personally identi-
fiable information agreement is in place. The protocol
for this surveillance project was reviewed in accordance
with CDC human research protection procedures and
was determined to be non-research, routine surveil-
lance activity. This study has received clearance from
the Indian Council of Medical Research Health Ministry
Screening Committee. The protocol for this preinter-
vention biomarker study has been registered at Clin-
icalTrials.gov (NCT04048330). The protocol for the
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randomised trial was reviewed according to the CDC’s
human research protection procedures and was deter-
mined to be research, but CDC involvement did not
constitute engagement in human subjects research. The
randomised trial has been registered at ClincialTrials.gov
(NCT03853304) and the Clinical Trials Registry of India
(CTRI) (REF/2019/03/024479). The results of this study
will be disseminated at international research confer-
ences and as published articles in peer-reviewed journals.

Future directions

As part of our periconceptional surveillance programme,
this population-based biomarker survey will establish the
burden of anaemia and vitamin B, and folate deficien-
cies in women of reproductive age in this setting. Find-
ings will provide critical biomarker data that will directly
inform the development of a randomised efficacy trial
of quadruple-fortified salt for the prevention of anaemia
and birth defects in Southern India.
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