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7€) 2.5.0.G Itis not the sun!
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Birth of a child before 37 completed weeks of gestation

Leading cause of death and disability in children under 5 yr worldwide (11%)

Short-term sequelae: Admission to Neonatal High Care and Intensive Units
* Respiratory Distress Syndrome, Neonatal Jaundice, Sepsis, Early Neonatal Death

Long-term sequelae: Early development of adult-onset diseases
e Cancers, cardiovascular disease, insulin resistance and obesity, diabetes
* Neurological and social disability
Chikandiwa et al., Female, Reproductive and Child Health, 2024 @
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Jain et al., Am J Reprod Immunol, 2022
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Causes of to preterm birth
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Jain et al., Am J Reprod Immunol, 2022
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* Studies show linkages between heat exposure and pregnancy outcomes
* Very few have investigated the underlying biological pathways in humans

* Plausible biological sequelae of heat exposure include:

Epigenetic and immunological changes;

Sympathetic system activation and release of hormones that trigger labour;
Dehydration, aberrant placental implantation and impaired placental flow;
Altered fetal membrane integrity and microbiome;

Samuels et al., International Journal of Biotechnology, 2022 @
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Single nucleotide polymorphism
(SNP) is a point mutation (substitution,
insertion or deletion)

DNA RNA Protein

Transcription Translation a

Occurs in >1%

of population =
polymorphism

3 billion base pairs RNA
«  mRNA
~20000-25000 protein * IRNA
coding genes genes * microRNA
«  snRNA
T fg:gNA Copy number variant (CNV) is a
23 pairs chromosomes . IncRNA stretch of DNA >1kb in length that
* 22 autosomes varies in copy numbers (gains or
« 2 sex chromosomes losses)
« Mitochondrial DNA
Wadon et al., Ann Hum Genet, 2020 @
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Heat, genetics and preterm birth
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Single nucleotide polymorphism
(SNP) is a point mutation (substitution,
insertion or deletion)

Epigenetic modifications affect gene
expression via DNA methylation,
histone modification, or microRNA
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* Mitochondrial DNA

varies in copy numbers (gains or
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Jain et al., Am J Reprod Immunol, 2022 @
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Pathways to preterm birth
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ZSOG Overarching goal of 3 linked studies
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Investigate biological mechanisms from heat stress to
preterm birth
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Impact on fetus
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Z.S.0.G Heat In Pregnancy Study (HIPS):
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Overall aim: to determine the physiological and biochemical changes that occur in
pregnancy due to heat stress and how these impact maternal, fetal and newborn health

and well-being.

Micro-climate mapping by
remote data monitoring:
cover regions from where
participants will be recruited
for the duration of the study

Chronic Heat Prospective
Cohort study: Intensive follow-
up including wearable devices
to measure personal heat,
humidity and air pollution
exposure

Placenta and microbiome work:
fetal size, umbilical doppler
assessments, placental hormones
and rectal swabs for infant
microbiota
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Overall aim: define the biological mechanism linking extreme heat with preterm birth

Two cohorts: evaluate Nested sub-study: explore Human fetal chip model: to provide
association between associations between extreme a cellular level understanding of the
extreme heat and preterm heat and inflammatory response of fetal membranes to
birth pathways underlying preterm environmental changes in heat.

birth

Cohort Studi
) (Prospective)
AC gan-chip pl Organ-chip conditions Loading parameters
I AEC AMC C_MC - L i & AEC Flow rate 30 ulL/hour
AAAAAA 2% stretch at 0.4 Hz frequency
" sasenor; 020202 Do  Outome 1+ - Membrabe: - . 2% porous Heat stress 37-39°C
AMC + Matrigel X
RS S P Ag - B 8 s gy
Population - |Study Sampie .Iﬁ' Il u I " i gay ?-; ?ybsvlvem equilibration NO (M) 13 19.7
ay 1-:
iy - W Cwo | s @ Day 3-21 Stretch, flow and/or heat ' oo 9™ 1316 2023
-
']f'ﬁ‘ W n Figure 2: Human 3D Fetal Chip Model. In this example, primary amniotic epithelial cells and amniotic
,,,,, = = R mesenchymal cells were isolated from human fetal membranes and co-cultured in the microfluidic chip device with
P stretch (2%) and flow (30 pL/hr). After mechanical stimulation from Day 7 to 9, nitric oxide (NO) and prostaglandin
a E, (PGE_) levels increased when compared to controls. Confocal microscopy with second harmonic generation
(SHG) imaging shows multiple cell types in the amniotic membrane and chorionic membrane (left) where nuclear

(blue), F-actin (green) and collagen signals (red).

250G



7€) Z2.5.0.G Bio-HEAT study:
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preterm birth and other adverse maternal and child health

outcomes
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Ambient temperature during pregnancy and risk of maternal hypertensive
disorders: A time-to-event study in Johannesburg, South Africa
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outcomes

Overall aim: understand the causal relations between heat exposure and pregnancy, intrapartum and postpartum
outcomes

Pregnant women cohort: Intrapartum cohort: explore Breast feeding cohort: explore the
elucidate the biomarkers the impact of potential breast-feeding frequency, breast milk
and other factors mediating protective interventions composition and breastmilk volumes
preterm birth in extreme (space cooling, hydration) on changes with ambient temperature
heat. outcomes using a historical

comparative analysis.
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€ 2.5.0.G Summary of the three studies
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Study - Inflammatory biomarkers Genetics and Epigenetics
work

HIPS study Placental hormones: PAPP-A,PLGF, Placenta and Infant epigenetics Infant rectal

(The Gambia) Immune markers: TNF- and IL-6 microbiome
and
Placental
work

Extreme heat . Immune markers: CRP, IL-4-13, TNF, CCL3 DAMPS and PAMPS: S100B, Human fetal

and preterm Lipid profiles: Resolvins, eicosanoids hsp70, hsp90 chip model

birth in rural Intestinal barrier function: Neopterin

Zimbabwe

Bio-Heat study . Immune markers: IL-6 and other cytokines Epigenetics Intra-partum

(South Africa) Sympathetic system: cortisol and adrenaline protective
interventions
and breast
milk sub-
study
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e s ANticipated outcomes

Collectively, studies focus across rural & urban settings, in 2 African regions

Evidence of complex interplay between heat, and maternal and infant health

Synthesising findings from these & related studies fill major knowledge gaps

Inform the development of targeted, evidence-based interventions.
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