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Climate change & pregnancy
Climate change is the single largest threat facing humanity today

• 1/10 deaths in children under 5 and 1/5 
deaths in newborns are attributed to air 
pollution (WHO).

WHO: www.who.int/news/item/29-10-2018-more-than-
90-of-the-worlds-children-breathe-toxic-air-every-day



Climate change & pregnancy

• Pregnant women are a uniquely 
vulnerable population.
o Biological changes.
o Child health programming.
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Climate change & pregnancy

• Unfavourable birth and child health 
outcomes associated with pollution (& 
extreme heat exposure) in pregnancy.

• Pregnant women are a uniquely 
vulnerable population.
o Biological changes.
o Child health programming.

Climate change is the single largest threat facing humanity today

• 1/10 deaths in children under 5 and 1/5 
deaths in newborns are attributed to air 
pollution (WHO).



Pollutants in the placenta and fetus

Liu et al, Sci Total Environ, (2021).

Black carbon & inhaled ultrafine particles 
<0.1µm detected in placenta

Positive correlation between maternal black carbon exposure and placental black carbon

Bongaerts et al, Lancet Planet Health, (2022).



Pollutants in the placenta and fetus

Liu et al, Sci Total Environ, (2021).

Black carbon & inhaled ultrafine particles 
<0.1µm detected in placenta

Positive correlation between maternal black carbon exposure and placental black carbon

Bongaerts et al, Lancet Planet Health, (2022).

What are the direct and indirect impacts of this?
How is this transmission propagated?



RESPIRE project aims

Identify the toxicological impact of direct 
airborne material exposures (AMEs) on the 

maternal respiratory tract.

Elaborate the systemically propagated 
direct and indirect toxicological effects of 

AMEs.

Reveal the effects of gestation, BMI and 
ethnicity on responses to AMEs.



Barrier surfaces

• Respiratory tract (Nasal 
epithelium, NELF)

• Saliva

• Skin

Intermediate

• Blood

• Placenta

Foetus

• Umbilical cord 
blood

Excretion
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•Exhaled 

breath 

condensate 

(EBC)

Transmission of AMEs from mother to foetus 

Primary effects (direct 
transmission between organs) 

Secondary effects 
(systemic inflammation)
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Exposures:
• Nasal epithelial ALI cultures
• Peripheral blood monocyte cultures
• Placental explant cultures



Modelling upper respiratory tract responses

Pollutant 

exposure +/- RSV

Figure created by Claudia Efstathiou, ICL



Particulate exposures - ALI cultures

Control

DEP quasi-ALI

DEP VITROCELL®

Marylebone Road quasi-ALI

Pregnant vs non-pregnant 
comparisons underway

Particulates +/- RSV
• Claudia Efstathiou, ICL
• Preliminary results showing 

increased expression of viral 
sensing genes in nasal epithelium 
with particulate exposure.

Particulate AMEs of nasal 
epithelial cell air liquid 
interface (ALI) cultures – 
• VITROCELL® vs quasiALI

Claudia Efstathiou, ICL, Kirsty Meldrum, SU



Particulate exposure of blood monocytes

Higher uptake of plastic nanoparticles in pregnant 
donor blood monocytes, compared to non-
pregnant donors.

Tyler Joseph, Oliver Richards, SU

Work ongoing with NIST particulates.



Placental & fetal membrane explants

1-2 mm3 explant 
cultures from 
healthy term 

placentas (elective 
c-section)

0.8 cm fetal 
membrane discs 

from healthy term 
(elective c-section)

VOC exposure +/- 
LPS 24 hours

Collect culture 
supernatants

ELISA for 
cytokine analysis

LDH cytotoxicity 
assay



Placental & fetal membrane explants

Halios et al, Sci Total Environ, (2022).



Cytokine expression

Reduced cytokine expression with 
higher exposure concentrations of 
VOCs with LPS co-exposure

Potential negative impacts for 
pregnancy
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Minimal cytotoxicity, but some with 
higher concentrations of Butan-2-one



Conclusions & Future work

Air-liquid interface cultures of nasal epithelium exposed to particulates show 
potential impacts on viral sensing. Comparisons between responses of 
pregnant and non-pregnant donors underway.

Phagocytic cells isolated from the blood of pregnant women have higher 
uptake of nanoparticles compared to non-pregnant donors. Uptake 
mechanisms and cell differentiation are now being investigated with a range 
of particulates.

Reduced cytokine release from placental explants exposed to higher 
concentrations of VOCs with LPS co-exposure. VOC metabolism enzyme 
expression changes in the placenta, nasal epithelium & blood leucocytes 
during pregnancy are currently being determined.
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