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

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

III. More recent data on immune outcomes 
– has anything changed?

IV. Some “biased” perspective and 
interpretation

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



Disclaimer

• I am a member of the European 
Food Safety Authority (EFSA) 
Scientific Committee

• I was a member the working group 
behind the 2018 and 2020 opinion 
on PFAS

• 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



* Based on the sum of PFOA, PFNA, PFHxS and PFOS

 
      Agency Study Species Effect Type Value  
      
EFSA  (2008) Perkins 2004 Rats ↑ Liver weight  TDI 1500 ng/kg bw 
      Danish EPA (2015) Palazzolo 1993 Rats ↑ Liver weight TDI 100 ng/kg bw 
      Netherlands,  RIVM (2016) Perkins 2004 Rats ↑ Liver weight TDI 12.5 ng/kg bw 
      ECHA (2015) Lau 2006 Mouse ↓ pup growth DNEL 800 ng/mL 
      EFSA  (2018) Steenland 2009 Human ↑ Cholesterol TWI/7 ~1 ng/kg bw 
      EFSA (2020)* Abraham 2020 Human ↑ antibody conc. TWI/7 <1ng/kg bw 

 
 

     

History of reference values  for PFOA set by EU agencies (or member states)
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*Sum of PFOS, PFHxS, PFOA and PFNA
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Changes in TDI form EFSA 2008 to 2020

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

• 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
• Later opinions take kinetic differences into consideration

• …. and then uncertainty factors
 

      Liver weight  
    
 EFSA (2008) Netherlands,  RIVM (2016) Danish EPA (2015) 
    
Study Perkins 2004 Perkins 2004 Palazzolo 1993 
Species Rats Rats Rats 
POD BMDL10 NOAEL BMDL10 
    External dose 0.3 mg/kg bw 0.06 mg/kg bw 0.5 mg/kg bw 
    Internal does (serum) - 7100 ng/mL - 
    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) 
    
TDI 1500 ng/kg bw 12.5 ng/kg bw 100 ng/kg bw 
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Why these diverging numbers

• Ignoring difference in species half-life 
contributed these risk assessment 
inconsistencies

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

Elimination half-life of PFOS and PFOA in different species



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



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

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





Grandjean et al  JAMA 2012



Design is key in observational epidemiology

Maternal
PFAS conc. in 
pregnancy

Childens PFAS conc. At 5y, 
pree-booster. Serum
antibodies to tetanus and 
diphtheria ~ 4 weeks later

Serum
antibodies at 7y

Tetanus
Diphtheria

Faroese cohort of ~460 prenant
women (1997-2000) and their
Offrping with follow-up at 5 and 7y

0 7y



Maternal (1997-2000) and childrens (2002-2005) serum levels similar to
what was observed in most other populations at the time



And the results were “quite conclusive“ 



And the results were “quite conclusive“ 



And then they repeated the study in few adults

12 healthy adult volunteers from 
Denmark were recruited. With each 
subject, serum-PFAS concentrations were 
measured and their antibody responses 
prospectively followed for 30 days after a 
booster vaccination with diphtheria and 
tetanus.

Serum  
antibodiesDiphtheria and tetanus

0 30 days



And then they repeated the study in few adults



Other studies provided some support … 

• 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.

tetanus, and Hib 
at 3,5 and 12 mo, 
measels and 
rubella at 15 mo

Serum antibodies 
at 3y

0 3y



Other studies provided less support

• 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

A single lot of FLUVIRIN -
A/H3N2 and A/H1N1 
(swine flu) and influenza B,

Serum  
antibodies 
21d later

0 21 days



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

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



And then the study used to derive the TDI by EFSA in 2020

Prior to enrollment (1997-
1999) in the infants had
followed the standard 
vaccination

0 ~1y

Associations between serum
PFAS and antibodies to Hib, 
tetanus and diphtheria
assesed at ~1y



And the results from this German study were in line with other 
studies in children for the same vaccines



The human observations are supported by 
findings from rodent studies (or vice versa)



Summary of animal experiments on PFAS and antibody response



EFSAs conclusion rodent studies on vaccination responses

„PFOS and PFOA have been shown to cause a reduced response to
vaccination …. The CONTAM Panel concluded that the immune
system is a prime target of PFASs”

“….. The CONTAM Panel concluded that the study by Peden-Adams
et al. (2008), showing effects at the lower serum levels, is the critical
study for immune effects in animals.” (EFSA 2020).



EFSAs conclusion rodent studies on vaccination responses



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).



But the research group (behind Peden-Ddamas study) did repeat the 
study and got the same results !!



But still not everyone is convinced (and nothing wrong with that)

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

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



And others reach the opposite conclusion (that is always the case with 
these meta-analyses)



What about infections?

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

• Infections are difficult to study as they are highly 
sensitive to how the outcome is recoded 

• retrospective self-reported infections – uncertain

• Hospital records on infections – selective

• Regular online reporting  - demanding 



More recent findings on antibody response  
published after EFSA 2020

• Mostly inconclusive and open for 
interpretation , despite well 
conducted studies from 
contaminated sites

• Environmental concentrations have 
decreased so more recent studies on 
antibody response in the general 
population show weaker association

• Inconclusive associations with COVID 
vaccines (but there are many design 
related complications)



Perspectives and conclusions

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

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

• More pronounced association in children based on the human 
studies

• Some indications for propensity for infection

• …. but (there is always a but….)  



Perspectives and conclusions

• The effect sizes and NOAEL/LOAEL in rodent studies are highly 
variable

• As always there is a lot of “noise” in the epidemiological data

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

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

• Difficult to conclude that PFAS are of no concern
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