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Previous EU risk assessments on
legacy™* PFAS and how the immune
endpoint got lost

1. Epidemiological (and animal) data on
immune outcomes as assessed in the
EFSA 2020 opinion and

1. More recent data on immune outcomes
— has anything changed?

V. Some “biased” perspective and
interpretation

*legacy PFAS: incl. PFOS, PFHxS, PFOA and PFNA
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Disclaimer

| am a member of the European

Food Safety Authority (EFSA) F
Scientific Committee we SCI -

EUROPEAN FOOD SAFETY AUTHORITY

e | was a member the working group
behind the 2018 and 2020 opinion
on PFAS

e Views expressed are my own and
do not reflect the position of EFSA




Previous EU risk assessments on PFAS and how the
immune endpoint got lost — the example of PFOA
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History of reference values for PFOA set by EU agencies (or member states)

Agency Study Species  Effect Type Value
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		↑ Liver weight 
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		Palazzolo 1993

		Rats

		↑ Liver weight

		TDI

		100 ng/kg bw



		

		

		

		

		

		



		Netherlands,  RIVM (2016)

		Perkins 2004
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		TDI

		12.5 ng/kg bw



		

		

		

		

		

		



		ECHA (2015)

		Lau 2006

		Mouse

		↓ pup growth
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		Human
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History of reference values for PFOA set by EU agencies (or member states)

Agency Study Species  Effect

EFSA (2008) Perkins 2004 Rats 1 Liver weight
Danish EPA (2015) Palazzolo 1993  Rats 1 Liver weight
Netherlands, RIVM (2016) Perkins 2004 Rats 1 Liver weight
ECHA (2015) Lau 2006 Mouse | pup growth
EFSA (2018) Steenland 2009  Human 1 Cholesterol
EFSA (2020)* Abraham 2020  Human | antibody conc.

Type
TDI
TDI
TDI
DNEL
TWI/7
TWI/7

Value

1500 ng/kg bw
100 ng/kg bw
12.5 ng/kg bw
800 ng/mL

~1 ng/kg bw
<1ng/kg bw

*Sum of PFOS, PFHxS, PFOA and PFNA
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Changes in TDI form EFSA 2008 to 2020

e 120-fold differences between TDIs
based on the same animal study

e Another factor of ~¥10 added when
using the human studies




Lower TDIs between 2008 to 2018 mostly due to

“toxicological manipulations” ©

Same studies

Same endpoint

Different calculations



TDIs established between 2008 and 2015

* Some “minor” differences in selection of point of departure and critical study

e Later opinions take kinetic differences into consideration

.... and then uncertainty factors

Study

Species

POD
External dose
Internal does (serum)
Human equivalent dose
Uncertainty factors

TDI

EFSA (2008)

Perkins 2004
Rats
BMDLio
0.3 mg/kg bw

200 (10intra, 1ointer, 2kinetics)

1500 ng/kg bw

Liver weight
Netherlands, RIVM (2016)

Perkins 2004
Rats
NOAEL
0.06 mg/kg bw
7100 ng/mL
1000 ng/kg bw
80 (10intra; 8semito chronic)

12.5 ng/kg bw

Danish EPA (2015)

Palazzolo 1993
Rats
BMDLio
0.5 mg/kg bw
3000 ng/kg bW
30 (10intra; 3inter)

100 ng/kg bw
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		0.06 mg/kg bw

		0.5 mg/kg bw



		    Internal does (serum)
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		    Human equivalent dose

		-

		1000 ng/kg bw

		3000 ng/kg bW



		    Uncertainty factors

		200 (10intra, 10inter, 2kinetics)

		80 (10intra, 8semi to chronic)

		30 (10intra, 3inter)
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* Ignoring difference in species half-life
contributed these risk assessment
inconsistencies

e But still, the animal to animal to
human extrapolation is as accurate as
tossing a die

Why these diverging numbers

Elimination half-life of PFOS and PFOA in different species

PFOS

Cynomolgus monkeys

132 days (males)
110 days (females)

Noker and Gorman,2003

Cynomolgus monkeys
(male and female)

200 days

Seacat at al., 2002

Rodents 1 — 2 months Chang et al., 2012

Monkeys 4 months Chang et al., 2012

Retired fluorochemical 5,4 years Olsen et al., 2007

workers (U.S.A)

PFOA

Rats 5,63 days (males) Ohmori et al., 2003
0,08 days (females)

Cynomolgus monkeys 33 days (males) Butenhoff et al., 2004
21 days (females)

Retired fluorochemical 2,3 —-3,8 years Olsen et al., 2007

workers (U.S.A)

Population study (U.S.A) 2,9 — 8,5 years Seals et al., 2011

Population study (U.S.A) 2,3 years Bartell et al., 2010



While toxicologist were re-calculating different values for the same rats studies, the
animal literature on immune effects was growing ....

Table 20: Studies on immunological effects of PFASs in rodents
Species Strain Sex Route duration PFAS NOAEL LOAEL NOAEC LOAEC Immune days immune Effect Reference
treatment before endpoint (*)
sacrifice
(days) (mg/kg perday) (ng/mL)

mouse  B6C3F1 male  Gavage 28 PFOS  0.000166 0.00166 18 92 SRBC 5 days PFCs ! Pedem-Adams et al.,
mouse  B6C3F1 female Gavage 28 PFOS 0.00331  0.0166 123 666 SRBC 5 days PFCs ! S
mouse  B6C3F1 female Gavage 21 PFOS 0.005 0.025 189 670 Influenza  None survival 1 Guruge et al., 2009
mouse B6C3F1 male  Diet 28 PFOS 0.25 - 11600 - SRBC 5 days serum IgM, PFCs - Qazi et al., 2010
mouse  B6C3F1 male  via dams, GD 1-17  PFOS 1 5 NR NR SRBC 4 days PFCs 1 Keil et al., 2008
mouse  B6C3F1 female 93V39€ PFOS 5 - NR —~  SRBC  4days PFCs -
mouse  C57BL/6 male  Gavage 60 PFOS 0.00833  0.0833 674 7132 SRBC 4 days PFCs ! Dong et al., 2009
mouse  C57BL/6 male  Gavage 60 PFOS 0.0167  0.0833 2360 10750 SRBC 7 days serum IgM ! Dong et al., 2011
mouse C57BL/6 male  Gavage 60 PFOS 0.0833 0.4167 8210 24530 None TNF-a, IL-6 1 Dong et al., 2012
mouse  C57BL/6 male  Gavage 7 PFOS -- 5 -- 110460 SRBC 5 days PFCs 1 Zheng et al., 2009
mouse  C57BL/6 male  Gavage 7 PFOS - 5 -- 97250 None non-specific IgM 1 Zheng et al., 2011
mouse  BALB/c female Gavage 21 PFOS - 20 -- NR  Ovalbumin 14 and 7 serum IgM 1 Vetvicka and

PFOA N 20 _ NR ;jn?zit i(;\gg) . Vetvickova, 2013
mouse  CD-1(ICR)BR male  Gavage 29 APFO 1 10 32000 225000 SRBC 5 days serum IgM ! Loveless et al., 2008
mouse  C57BL/6 female Gavage 15 PFOA 1.88 3.75 NR 74913 SRBC 5 days serum IgM 1 DeWitt et al., 2008
mouse  C57BL/6 female Water 15 PFOA 7.5 30 NR NR SRBC 5 days serum IgM 1 DeWitt et al., 2016
rat SD male  Diet 28 PFOS - 0.14 470 950 None serum IgG1 1 Lefebvre et al., 2008
rat SD female Diet 28 PFOS 7.58 - 43200 - None -- - Lefebvre et al., 2008
rat CD(SD)IGSBR  male Gavage 29 APFO 30 -- 223000 -- SRBC 5 days serum IgM - Loveless et al., 2008

NR: not reported; PFCs: plaque forming colonies in spleen cells producing anti SRBC antibodies; * In case serum IgM is mentioned as well as the time between injection of antigen and sacrifice,
authors looked for antigen-specific IgMs.




But risk assessors were more comfortable using the
“classical” toxicological endpoints such as liver weight

I‘Eﬂ?

Studies in rodents Liver effects “Creative risk characterization” including
varying use of uncertainty factors




The reason why the immune outcomes hit the spotlight was
partly driven by work of this one scientist that has a habit of
keeping risk assessors on their toes with his Faroese studies




Grandjean et al JAMA 2012

Serum Vaccine Antibody Concentrations
in Children Exposed to Perfluorinated Compounds

Philippe Grandjean, MD, DMSc Context Perfluorinated compounds (PFCs) have emerged as important food con-
Flisabeth Wreford Andersen, PhDD taminants. They cause immune suppression in a rodent model at serum concentra-
I tions similar to those occurring in the US population, but adverse health effects of PFC
Esben Budtz-Jorgensen, PhD

2 exposure are poorly understood.

Flemming Nielsen, PhD Objective To determine whether PFC exposure is associated with antibody re-

Kare Molbak, MD, DMSe sponse to childhood vaccinations.
Pal Weihe, MD Design, Setting, and Participants Prospective study of a birth cohort from the
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Design is key in observational epidemiology

Serum Vaccine Antibody Concentrations
in Children Exposed to Perfluorinated Compounds

Philippe Grandjean, MD, DMSe Context Perfluorinated compounds (PFCs) have emerged as important food con-
Elisabeth Wreford Andersen, PhD taminants. They cause immune suppression in a rodent model at serum concentra-
N ) 3 tions similar to those occurring in the US population, but adverse health effects of PFC
Lishen Budtz-Jorgensen, PhD)

. exposure are poorly understood
Flemming Nielsen, PhD

Kare Molbak, MD., DMSc

Pal Weihe, MD Design, Setting, and Participants Prospective study of a birth cohort from the
Carsten Heilmann, MD. DMSe National Hospital in the Faroe Islands. A total of 656 consecutive singleton births were
= recruited during 1997-2000, and 587 participated in follow-up through 2008.
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Objective To determine whether PFC exposure is associated with antibody re-
sponse to childhood vaccinations.
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Maternal (1997-2000) and childrens (2002-2005) serum levels similar to
what was observed in most other populations at the time

Table 2. Concentrations of PFCs in Serum From Birth Cohort Mothers and Their Children at Age 5 Years and Correlations Pairwise and With
the PCB Concentration in Maternal Serum

Pairwise Pearson Correlations at Age 5 y

PFC Concentration, I 1
Compound Geometric Mean (IQR), ng/mL PCB PFOS PFOA PFHxS PFNA PFDA
Maternal PFCs
PFOS 27.3(23.2t0 33.1) 0.24 0.27 0.056 0.07 0.14 0.07
PFOA 3.20 (2,56 to 4.01) =003 0,06 0,19 0,03 =002 =0.06
PFHxS 4,41 (2,24 to 8,43) 0,05 0.28 0,01 0,11 -0.01 0,03
PFNA 0.60 (0.46 t0 0.79) 0.55 0.23 0.03 0.14 0.32 0.20
PFDA 0.28 (0.22 10 0.38) 0.48 0.28 0.01 0.13 0.30 0.20
PFCsatage 5y
PFOS 16.7 (13.5t0 21.1) 0.08 1
PFOA 4.06 (3.33 to 4.96) 0.00 0.50 1
PFHxS 0.63 (0.45 10 0.88) 0.07 0.57 0.53 1
PFNA 1.00 (0.76 10 1.24) 0.29 0.48 0.54 0.34 1
PFDA 0.28 (0.21 t0 0.38) 0.14 0.39 0.35 0.22 0.78 1

Abbreviations: IQR, interquartile range; PCB, polychlorinated biphenyl; PFC, perflucrinated compound; PFDA, perfluorodecancate; PFHxS, perfluorohexane sulfonic acid; PFNA,
perflucrononanoate; PFOA, perfluorooctancic acid; PFOS, perfluorcoctane sulfonic acid.



And the results were “quite conclusive”

Change, % (95% Cl)
| |
Maternal PFC PFC at Age 5y
| 1T |
Year 7, Year7,
YearS Adjusted for = Adjusted for
I I Age 5 ! Age 5
Antibody ~ Prebooster®  PostboosterP Year 7°¢ Results® Prebooster?  Postbooster? Year 7°¢ Results®
Tetanus n=2509 n=419 n=424 n =380 n =537 n =440 n =408 n =401
PFOS -101 2.3 353 33.1 -11.9 —28.5 —23.8 114
(-31.91018.7) (-28610336) (-3.91090.6) (1.5t074.6) (-30.01010.9) (~45510-6.1) (44.3104.2) (-30.510 12.8)
PFOA -10.5 14.5 7.4 12.3 -13.3 —9.7 -35.8 —28.2
(28210 11.7) (~10.41046.4) (=17.1t1039.0) (-8.61038.1) (=31.6t09.9 (=30.71017.7) (=51.910—-14.2) (=42.7 to—10.1)
PFHxS -6.3 6.3 4.5 12.6 -6.3 —-19.0 —-19.7 —14.0
(—=15.1 10 3.4) (—8.4 10 23.2) (—9.6 to 20.6) (0.61025.9) (—17.6106.5) (—29.8t10-6.6) (-31.6t0-5.7) (—24.0t0—2.6)
PENA 1.2 3.7 221 4.5 5.9 -18.2 —-17.4 —13.6
(~8.61035.1) (-23.11020.7) (4210555 (-13.91026.7) (-21.81013.4) (<34.0l01.4) (~34.1103.6) (-27.3102.8)
PFDA 2.5 —6.1 16.4 49 -13.6 —-19.9 —22.3 -12.5
(-1851016.8) (-23.51015.3) (-6.71046.2) (-11.81024.7) (-26.3t101.4) (~33.110-3.9) (-35.8t0-5.8) (-24.610 1.5)
Diphtheria n=510 n=419 n=424 n =382 n =537 n = 440 n =408 n =403
PFOS -38.6 -20.6 -19.7 -10.0 -16.0 —-15.5 -27.6 -20.6
(-64.7t0-16.9) (-37.5t00.9) (-41.8t010.7) (-32.61020.0) (-34.9t08.3) (31.5t04.3) (45.8t0-83) (-38.2102.1)
PFOA -16.2 6.2 -22.8 -16.8 —6.8 —6.1 —25.2 —23.4
(-342106.7) (-22.41013.3) (=39.4t0-1.7) (-32.9103.3) (-28.31021.0) (23610165 (42.9t0-2.0) (-39.31t0-3.4)
PFHxS —6.4 =3.7 0.5 1.8 50 -9.1 -9.8 —-12.5
(-16.0104.3) (—141107.9) (-13.1t014.0) (95t0148) (-891021.0) (~187t01.7) (-22.3104.9) (=23.210-0.4)
PFENA -14.8 -12.9 =5.1 —6.5 —-17.7 —16.1 —17.1 —14.5
(—=31.2t0 5.5) (—26.7 t0 3.5) (-24.4t019.2) (-23.7 to 14.4) (=33.0to 1.1) (—28.81t0—1.0) (—32.8102.2) (—28.6102.4)
PFDA =21.7 -18.8 0.7 2.3 —-16.0 -8.7 —14.4 —-10.3
(-35.7t04.8) (-30.5t0-5.0) (-1821024.0) (-14.81022.8) (-29.6100.3) (20.61050) (-284102.4) (-23.1104.6)

Abbreviations: PFDA, perfluorcdecanoate; PFHxS, perflucrohexane sulfonic acid; PFNA, perfluorononanoate; PFOA, perfluorcoctanoic acid; PFOS, perflucrooctane sulfonic acid.

8 Adjusted for age and sex.

bAdjusted for age, sex, time since vaccination (as restricted cubic spline), and booster type.
C Adiusted for ace. sex. and booster tvoe.



And the results were “quite conclusive”

Figure. Association Between Serum Concentrations of Perfluorooctane Sulfonic Acid (PFOS) and Perfluorooctanoic Acid (PFOA) at Age 5
Years and Serum Antibody Concentrations Against Diphtheria and Tetanus at Age 7 Years
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The generalized additive models have 3 df and were adjusted for age, sex, and vaccine booster type. Dashed lines indicate 95% confidence intervals; vertical bars on

the horizontal scale indicate individual observations.




And then they repeated the study in few adults
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And then they repeated the study in few adults
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Antibody response to booster vaccination with tetanus and diphtheria
in adults exposed to perfluorinated alkylates

Katrine Kielsen'?*, Zaiba Shamim'“*, Lars P. RyderR, Flemming Nielsen”, Philippe Grandjeand'g,
Esben Budtz-Jorgensen®, and Carsten Heilmann'

Tinstitute for Inflammation Research, Department of Rheumatology, *Department of Pediatrics and Adolescent Medicine, and *Department of
Clinical Immunology, Copenhagen University Hospital Rigshospitalet, Copenhagen, Denmark, *Department of Environmental Medicine, University
of Southern Denmark, Odense, Denmark, *Department of Environmental Health, Harvard Chan School of Public Health, Boston, MA, USA, and
SDepartment of Biostatistics, School of Public Health, University of Capenhagen, Copenhagen, Denmark

PFAS concentration, median (IQR), ng/ml

PFHxS 0.37 (0.27-0.70)|
PFHpA 0.12 (0.094-0.14)
PFOS 9.52 (5.38-14.3)
PFOA 1.69 (1.30-2.79)
PFNA 0.66 (0.46-0.80)
PFDA 0.30 (0.20-0.32)
PFUnDA 0.21 (0.18-0.27)

PFDoDA 0.039 (0.035-0.048)

Table 2. Percentage change and 95% confidence interval (95% CI) in
exponential change of antibody concentrations between Days 4 and 10
post-vaccination associated with a doubling in serum concentrations of

different PFASs.

Antibody/exposure Change (%) 95% CI p Value

Diphtheria
PFHxS —13.31 029 to —25.07 0.055
PFHpA 6.52 57.7 to —28.04 0.750
PFOS —11.90 —033 to —21.92 0.044
PFOA —8.22 6.44 to —20.85 0.250
PFNA —17.90 —6.39 to —27.99 0.004
PFDA —18.18 —5.00 to —29.52 0.009
PFUnDA —12.11 —0.90 to —22.06 0.036
PFDoDA —15.64 —0.98 to —28.14 0.038

Tetanus
PFHxS —4.35 6.04 to —13.72 0.390
PFHpA 15.40 499 to —11.16 0.280
PFOS —3.59 551to —11.91 0.420
PFOA 0.23 12.1 to —10.40 0.970
PFNA —5.96 455 to —15.41 0.250
PFDA —8.31 2.66 to —18.10 0.130]
PFUnDA —7.88 —042 to —14.79 0.039
PFDoDA [-1078]  [-064t0 —19.90] [0.038]

Results are unadjusted, but a model adjusted for sex and age showed

similar results.



Other studies provided some support ...
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RESEARCH ARTICLE

Pre-natal exposure to perfluoroalkyl substances may be associated with
altered vaccine antibody levels and immune-related health outcomes in
early childhood

Berit Granum’, Line S. Haug', Ellen Namork', Solvor B. Stelevik', Cathrine Thomsen', Ingeborg 5. Aaberge’,
Henk van Loveren®®, Martinus Levik™*, and Unni C. Nygaard'
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Bilth , the , and gian University of Science and Technology, Trondheim, Norway

A small study (n=50) of pregnant women
(2007-2008) and their 3y old offspring

Association with lower antibody
concentrations to rubella (but not
measles, Hib or tetanus)

low PFOS (~5.6 ng/mL) and PFOA (1.1
ng/mL) conc.
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Other studies provided less support

Toxicol Sei. 2014 March : 138(1): 76-88. doi:10.1093/toxsci/kfi269.

Influenza Vaccine Response in Adults Exposed to
Perfluorooctanoate and Perfluorooctanesulfonate

Claire Looker’, Michael I. Lustert-!, Antonia M. Calafat?, Victor J. Johnson$, Gary R.
Burleson$, Florence G. Burleson$, and Tony Fletcher’

"Department of Social and Environmental Health Research, London School of Hygiene and
Tropical Medicine, London, WCIH 9SH, UK

TSchool of Public Health, West Virginia University, Morgantown, West Vfirginia 26505

Division of Laboratory Sciences, National Center for Environmental Health, Centers for Disease
Control and Prevention, Atlanta, Georgia 30333

$Burleson Research Technologies, Inc., Morrisville, North Carolina 27560

e Atudy from the C8-cohort of 411 US adults

* Some associations with lower A/H3N2 antibody titers
but not A/H1N1 or influence type B

* Modest to high PFOS (~32 ng/mL) and PFOA (~9
ng/mL) concentrations
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And then the study used to derive the TWI by EFSA in 2020

* A “new” study from Germany on antibody
concentrations was used for deriving the TWI

e Cohort of 101 infants, 341 to 369 days old, from
Germany (1997-1999).

Archives of Toxicology (2020) 94:2131-2147
https://doi.org/10.1007/500204-020-02715-4

ORGAN TOXICITY AND MECHANISMS q

Check for

updates

Internal exposure to perfluoroalkyl substances (PFASs) and biological
markers in 101 healthy 1-year-old children: associations
between levels of perfluorooctanoic acid (PFOA) and vaccine response

Klaus Abraham'® - Hans Mielke?® - Hermann Fromme* - Wolfgang Vélkel® - Juliane Menzel'© - Matthias Peiser*® .
Fred Zepp®- Stefan N. Willich” - Cornelia Weikert'”

Received: 22 January 2020/ Accepted: 11 March 2020/ Published online: 29 March 2020
© The Author(s) 2020
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And then the study used to derive the TDI by EFSA in 2020

© mother
w | o infant
Associations between serum
_ PFAS and antibodies to Hib, 8 7
Prior to enrollment (1997- tetanus and diphtheria
1999) in the infants had assesed at ~1y g -
followed the standard R
vaccination Ry
o)
/ t 3(; o LHO
& FF FF F O © 220 o % cog -0
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> Fig. 1 Scatter plot of plasma levels of PFOA in children and their

mothers in relation to the equivalent duration of exclusive breastfeed-

O le ing (n=101)
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And the results from this German study were in line with other

studies in children for the same vaccines

Archives of Toxicology (2020) 94:2131-2147
hittps://doi.org/10.1007/500204-020-02715-4
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Chock for
updates

Internal exposure to perfluoroalkyl substances (PFASs) and biological
markers in 101 healthy 1-year-old children: associations
between levels of perfluorooctanoic acid (PFOA) and vaccine response

Klaus Abraham'© . Hans Mielke?® - Hermann Fromme" - Wolfgang Vélkel® - Juliane Menzel'© . Matthias Peiser®

Fred Zepp® - Stefan N. Willich” - Cornelia Weikert'”

Received: 22 January 2020/ Accepted: 11 March 2020/ Published online: 29 March 2020
@ The Author(s) 2020

Fig.3 a—c Scatter plot of levels of vaccine antibodies adjusted for
the number of vaccinations (in case of tetanus only) and for the time
since the last vaccination for Hib (a n=98), tetanus IgG1 (b n=100)
and diphtheria (¢ n=100), in relation to the levels of PFOA. Broad
gray band: moving average. Red line: Fitted ‘knee’ function. Hori-
zontal green line: mean minus one standard deviation of the antibody
levels below the PFOA ‘knee’ level. Vertical gray line: PFOA level of
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Summary of animal experiments on PFAS and antibody response

Table 20: Studies on immunological effects of PFASs in rodents
Species Strain Sex Route duration PFAS NOAEL LOAEL NOAEC LOAEC Immune days immune Effect Reference
treatment before endpoint (*)
sacrifice
(days) (mg/kg perday) (ng/mL)

mouse  B6C3F1 male  Gavage 28 PFOS  0.000166 0.00166 18 92 SRBC 5 days PFCs 1 Pedem-Adams et al.,
mouse  B6C3F1 female Gavage 28 PFOS 0.00331  0.0166 123 666 SRBC 5 days PFCs 1 Gt
mouse  B6C3F1 female Gavage 21 PFOS 0.005 0.025 189 670 Influenza  None survival 1 Guruge et al., 2009
mouse B6C3F1 male  Diet 28 PFOS 0.25 - 11600 - SRBC 5 days serum IgM, PFCs - Qazi et al., 2010
mouse  B6C3F1 male  via dams, GD 1-17  PFOS 1 5 NR NR SRBC 4 days PFCs 1 Keil et al., 2008
mouse  B6C3FL female 92V39€ PFOS 5 - NR ~  SRBC  4days PFCs -
mouse  C57BL/6 male  Gavage 60 PFOS 0.00833  0.0833 674 7132 SRBC 4 days PFCs 1 Dong et al., 2009
mouse  C57BL/6 male  Gavage 60 PFOS 0.0167  0.0833 2360 10750 SRBC 7 days serum IgM 1 Dong et al., 2011
mouse  C57BL/6 male  Gavage 60 PFOS 0.0833 0.4167 8210 24530 None TNF-a, IL-6 T Dong et al., 2012
mouse  C57BL/6 male  Gavage 7 PFOS - 5 - 110460 SRBC 5 days PFCs 1 Zheng et al., 2009
mouse  C57BL/6 male  Gavage 7 PFOS - 5 - 97250 None non-specific IgM 1 Zheng et al., 2011
mouse  BALB/c female Gavage 21 PFOS -- 20 -- NR  Ovalbumin 14 and 7 serum IgM 1 Vetvicka and

PFOA ) 20 _ NR ;jn?el(s:t %\:;)) \ Vetvickova, 2013
mouse  CD-1(ICR)BR male  Gavage 29 APFO 1 10 32000 225000 SRBC 5 days serum IgM 1 Loveless et al., 2008
mouse  C57BL/6 female Gavage 15 PFOA 1.88 3.75 NR 74913 SRBC 5 days serum IgM 1 DeWitt et al., 2008
mouse  C57BL/6 female Water 15 PFOA 7.5 30 NR NR SRBC 5 days serum IgM 1 DeWitt et al., 2016
rat sD male  Diet 28 PFOS - 0.14 470 950 None serum IgG1l 1 Lefebvre et al., 2008
rat sD female Diet 28 PFOS 7.58 - 43200 - None - - Lefebvre et al., 2008
rat CD(SD)IGSBR  male  Gavage 29 APFO 30 -- 223000 -- SRBC 5 days serum IgM -- Loveless et al., 2008

NR: not reported; PFCs: plague forming colonies in spleen cells producing anti SRBC antibodies; * In case serum IgM is mentioned as well as the time between injection of antigen and sacrifice,
authors looked for antigen-specific IgMs.



EFSAs conclusion rodent studies on vaccination responses

TOXICOLOGICAL SCIENCES 104010, 144-154 (2008)
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Advance Access publication March 20, 2008
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EFSAs conclusion rodent studies on vaccination responses
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But not everyone is convinced

“It is also noted the research group have not repeated the study to confirm the effect occurs at the very low PFOS doses
and serum levels in Peden-Adams et al. (2008). In contrast Qazi et al. (2010b), at 1000 fold higher TAD and 550 times higher
PFOS serum concentration could not replicate the Peden-Adams et al. (2008) findings, albeit using dietary exposure but more
measurements of the same immune response “ (ToxConsult Pty, Australasia 2016).

Title
ToxConsult
TOXICOLOGY CONSULTING Immunomodulation by PFASs: A brief literature review

AUSTRALASIA

Prepared by:
Roger Drew, PhD, DABT

Tarah Hagen, MSc

Immunomodulation by PFASS:
A brief literature review

ToxConsult Pty Lid.
Prepared for:

Food Standards Australia New Zealand



But the research group (behind Peden-Ddamas study) did repeat the
study and got the same results !!
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But still not everyone is convinced (and nothing wrong with that)

Childhood PFAS exposure -3

and immunotoxicity: a systematic review
and meta-analysis of human studies

Evangelia E. Antoniou' ® and Wolfgang Dekant?

Abstract

Background [xposure to poly- and perfluoroalkyl substances (PFAS) may affect infant and childhood health

through immunosuppression. However, the findings of epidemiological literature examining relationships

between prenatal/childhood PFAS exposure and vaccine respanse and infection in humans are still inconclusive.

The aim of this review was to examine the effects of PFAS exposure on vaccine antibedy response and infection

in humans.

Methods The MEDLINE/Pubmed database was searched for publications until 1 February 2023 to identify hurman

studies on PFAS exposure and human health

Eligible for inclusion studies had to have an epidemiological study design and must have performed logistic regres-

sion analyses of gestational or childhood exposure to PFAS against either antibody levels for pediatric vaccines

or the occurrence of children’s infectious diseases. Information on baseline exposure to PFAS (in na/mL), the age

of PFAS exposure (gestational or in years), and the cutcome was measured, potentially leading to multiple exposure

outcome comparisons within each study was collected. Percentage change and standard errors of antibody titers

and occurrence of infectious diseases per doubling of PFAS exposure were calculated, and a quality assessment

of each study was performed.

Results Seventeen articles were identified matching the inclusion criteria and were included in the meta-analysis. In

general, a small decrease in antibody response and some associations between PFAS exposure and childhood infec-

tions were observed.

Conclusions This meta-analysis surnmarizes the findings of PFAS effects on infant and childhood immune health,

The immunosuppression indings for infections yielded suggestive evidence related to PEAS exposure, particularly

PFOS, PFOA, PFHxXS, and PFNA but moderate to no evidence regarding antibody titer reduction.

Systematic review registration The research protocol of this systematic review is registered and accessible

at the Open Science Framework (https://dol.org/10.1 7605/05FI0/5M2VU).

Keywords Per- and polyflucrinated aliphatic substances, Prenatal, Childhood, Immunomodulation, Humans, PFAS,
| Meta-analysis, Antibody response, Infections

e "High certainty of confidence in the
results which suggests no
association"... with serum antibodies

* "moderate certainty of evidence
...suggesting an association" with some
infections

Conclusions

[n general, the results of this meta-analysis on the epi-
demiologic evidence do not suggest a strong association
between PFAS and immune conditions or infectious dis-
eases in humans. Some associations were observed, but
they lacked consistency across studies.



And others reach the opposite conclusion (that is always the case with

these meta-analyses)

Environment International 172 (2023) 107734

Contents lists available at ScienceDirect

Environment International
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Systematic Review

Systematic review and meta-analysis of epidemiologic data on vaccine =
response in relation to exposure to five principal perfluoroalkyl substances

Lori Crawford™ , Scott A. Halperin b.ed Michael W. Dzierlenga ©, Becky Skidmore £

Matthew W. Linakis ¢, Shinichi Nakagawa ", Matthew P. Longnecker £

5. Conclusions

Epidemiologic data on immunosuppression and five principal PFAS
suggest an association, with support across antibodies against multiple
types of antigens. Data on Diphtheria, Rubella, and Tetanus were more
supportive of an association than for other antibodies, and support was
greater for associations with PFOA, PFOS, and PFHxS, than for PFNA or
PFDA. The data on any specific antibody were scarce. Confounding
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What about infections?

 Some indications for higher propensity of
infection ..... but ....

Contents lists available at ScienceDirect

Environmental Research

journal homepage: www.elsevier.com/locate/envres

o I nfe Ct i O n S a re d iffi C U It tO St U d y a S t h ey a re h ig h I Prenatal exposure to PFOA and PFOS and risk of hospitalization for infectious
oy 0 o diseases in early childhood
sensitive to how the outcome is recoded

Chunyuan Fei®*, Joseph K. McLaughlin "¢, Loren Lipworth ®<, Jern Olsen *¢

@ Department of Epidemiology, University of California, Los Angeles, CA 90095-1772, USA

Y International Epidemiology Institute, 1455 Research Boulevard, Rockville, MD 20850, USA

© Vanderbilt University Medical Center, Vanderbilt-Ingram Cancer Center, Nashville, TN 37232, USA

© Institute of Public Health, University of Aarhus, Vennelyst Boulevard 6, DK 8000 Aarhus C, Denmark

e retrospective self-reported infections — uncertain

Contents lists available at ScienceDirect

Environment International
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e Regular online reporting - demanding
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More recent findings on antibody response

e Mostly inconclusive and open for o
interpretation ©, despite well o

conducted studies from e

contaminated sites
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Perspectives and conclusions

The case of PFAS highlights better use evidence for toxicological
risk assessment

Animal and human data strongl¥ suggests that long-chain PFAS
effect the immune system as reflected by reduced antibody
response following vaccination.

Mo(;e pronounced association in children based on the human
studies

Some indications for propensity for infection

.... but (there is always a but....)




Perspectives and conclusions

e The effect sizes and NOAEL/LOAEL in rodent studies are highly i
variable </
e As always there is a lot of “noise” in the epidemiological data | J\&

* Instead of interpreting such complexities as “lack of robust
evidence” one could equally conclude that PFAS are not “highly
immune” toxic.... but still “toxic”

e Many factors effect the immune system, which may explain
published findings

e Difficult to conclude that PFAS are of no concern
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