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Animal sentience
Another claim made by Versteegen et al. (2021) is that fetuses 
are neither capable of perceiving pain while still in utero nor are 
they alive during blood collection, consequently denying any 
need for a certified killing method or even anesthesia before car-
diac puncture of the fetus. However, the case is not as clear as 
presented.

The duration of pregnancy is similar in cattle and humans. Sen-
sation of pain is postulated for human fetuses, and therefore anes-
thesia of the human fetus during prenatal surgery is common prac-
tice (Bellieni, 2019). For humans, it is suggested that EEG activity 
in newborn infants and fetuses barely differs between wakefulness 
and sleep, so that it cannot be assumed with certainty that fetuses 
are in a stage comparable to unconsciousness (Derbyshire, 2010). 
Thus, interpretation of EEG activities is not sufficient to exclude 
that the welfare of the fetus can be compromised. So far, there is 
also no evidence that prenatal EEG measures are comparable with 
those of an adult. Furthermore, for human fetuses, it is consensus 
that potential for pain perception begins from week 22 to 23 with 
myelination of the spinal cord and brain; from week 26 onwards 
it is agreed that they can feel pain (Royal College of Obstetricians 
and Gynaecologists, 2010).

For bovine fetuses, the myelination of the nervous system be-
gins already in week 20 (Maxie, 2015), and thus they potentially 
feel pain and uneasiness by week 22. Additionally, humans are 
born in a relatively immature state (regarding mobility / motor  
function). In contrast, since cows are prey animals, newborn calves  
need to be able to follow the other animals of their flock in case 
they need to flee and therefore are born highly developed (i.e.,  
relatively mature and mobile). A 2013 position paper1 from 
the Friedrich-Loeffler-Institute for Animal Welfare and Animal 
Husbandry reviewed the sentience of animal fetuses, starting a 
discussion about ethics and when the perception of pain or un-
easiness begins. It concluded that severe suffering, or at least re-
duced welfare, possibly can be inflicted in the last trimester of 
the fetus.

For decades, fetal bovine serum (FBS) continues to be a contro-
versially discussed cell culture supplement consisting of animal 
welfare, ethical, regulatory, health, legal and scientific issues re-
garding its use, production and distribution (Hodgson, 1991; 
Jochems et al., 2002; Gstraunthaler et al., 2013; van der Valk et al., 
2018). In the meeting report on our 2020 online symposium “Re-
placing Fetal Bovine Serum (FBS) in Research and Testing”, we 
invited the serum-producing industry to discuss and find a com-
mon solution for the animal welfare issues and the development of 
animal-friendly medium supplements (Weber and Wagner, 2021). 
We therefore welcome the Comment of Versteegen et al. (2021) 
and would like to respond and help to further clarify common mis-
conceptions on FBS. 

Moral obligations
Versteegen et al. (2021) begin with a claim that it is a “moral obli-
gation to not only consider the welfare of animals within the food 
chain but also to maximize the potential of these animals”. We dis-
agree, as it should be a moral obligation to maximize the welfare 
of the animals that are used for human purposes, but not their ex-
ploitable potential. It follows that we should first reduce and ulti-
mately replace potential causes for animal suffering.

Furthermore, the term “moral obligation” misses the point when 
considering the suffering of animals. Morals are variable, fluent 
concepts of the idea of what is right and wrong. They differ be-
tween people, cultural context and time, whereas ethics describe 
an (academically justified) concept of guiding principles for hu-
man conduct. In terms of FBS, it is not about what someone thinks 
is right or wrong, but about including animal welfare issues in-
to our considerations in general. Animal welfare legislations all 
over the world testify that animals’ suffering matters if there is any 
good reason to claim that they are suffering.

As we will point out in this rebuttal, animal welfare issues in 
FBS production are pressing, as there is potential for suffering 
both for the involved dam as well as for the fetus. 
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calf price” is an economic reason for farmers to send pregnant 
cows to slaughter. For example, a calf of the breed German Hol-
stein is sold for a price of only around 10 Euro (price retrieved on 
March 18, 2021)6. Hence, there would not be a financial incen-
tive to keep the pregnant cow in such a case. 

However, incentives for farmers to send pregnant cattle to 
slaughter exist, e.g., “anabolic effect of pregnancy (more mus-
cles)”; “reducing risk of poor meat quality due to oestrus (dark 
cutting beef)”; “increased costs for keeping the cows” or even 
“calmer and more easily manageable cows” (AHAW et al., 2017).

The same report also estimates the median percentage of all ma-
ture female animals slaughtered in Europe while being pregnant as 
16% for dairy cows and 11% for beef cattle. Of these pregnant an-
imals, around 19% (dairy cows) and around 14% (beef cattle) are 
in the last third of gestation. This results in millions of slaughtered 
pregnant animals of which several hundred thousand are in their 
third trimester just in Europe alone.

On this matter, the statement of Versteegen et al. (2021) that not 
all countries have regulations in place that restrict transport and 
slaughter of pregnant animals strongly suggests that it is very like-
ly that transportation of pregnant cattle happens far more often 
worldwide, since the overall majority of FBS is produced outside 
of Europe (93.5%, according to an estimation by ISIA)7.

Less strict standards in some countries cannot be an excuse to 
continue with business as usual when it goes against welfare of 
animals. 

Fetal blood collection 
It is a common misconception that the slaughter process is a 
“highly regulated area”, as Versteegen et al. (2021) put it. Es-
pecially, extraction of fetal blood is far from being regulated or 
even transparent. 

This is shown in their own quote of the OIE Terrestrial Animal 
Health Code, where they write “when fetal tissue is to be collect-
ed, the fetus should not be removed from the uterus until at least 
15-20 minutes after the maternal neck or chest cut”. However, in 
their quote, they leave out the two words “where practical” from 
the original OIE text8. Thus, the mentioned code is merely a rec-
ommendation on animal welfare protection.

Anyway, even when the time from the maternal neck or chest 
cut to the puncturing of the fetal heart is longer than 20 minutes, 
the fetus is still not being killed by a certified killing method. 

For example, according to the German Regulations for Ani-
mal Protection and Slaughter (Tierschutz-Schlachtverordnung – 
TierSchlV), if an animal is not killed by withdrawal of its blood, 
any further procedures on the animal may only be carried out af-

Furthermore, when a pregnant animal is slaughtered, the fetus in 
the uterus shows movements that can last for several minutes until 
it dies of hypoxia. These movements can be an indicator for pain, 
even though the lung is immature. Overall, it is not proven wheth-
er fetuses experience lack of oxygen as pain. As long as this is un-
certain, at least it should for ethical reasons be considered harmful 
to their well-being. 

The information provided by Versteegen et al. (2021) inter alia 
“indicates that the fetus is not conscious, and therefore cannot feel 
pain (Mellor and Diesch, 2006)”. Considering both this informa-
tion and the information we provide above, we can conclude that 
there is conflicting information available and thus still no scien-
tific consensus on the issue of whether bovine fetuses can suffer 
during and after slaughter of the dam. For that reason, these fetus-
es should be given the benefit of the doubt, analogous to the pre-
cautionary principle2 of the European Union.

Transport of pregnant animals
Next to the discussions on fetal suffering, it is unquestionable 
that the transport of pregnant animals can be a cause of increased 
animal suffering, at least for the dams. Therefore, restrictions on 
transporting pregnant animals have been implemented, e.g., for 
the last 10% of gestation in the European Union3. Some coun-
tries like Germany even forbid transport for pregnant cattle in 
their third trimester for the purpose of slaughter (albeit excep-
tions can be granted)4. 

The 2021 published White Paper “Live Animal Transport”5 on 
the revision of Council Regulation (EC) 1/2005 by Eurogroup 
for Animals even considers pregnant animals for whom 40% or 
more of the expected gestation period has already passed “unfit for 
transport”. This implies that these animals “cannot be transport-
ed, regardless of the duration and quality of the journey”. This ob-
viously includes transport to slaughterhouses. 

Beyond that, implementation of mandatory veterinary inspec-
tions of all female cattle (or at least mandatory performance of 
pregnancy testing) would detect most of the pregnant dams in 
free range herds or undocumented artificially inseminated cows 
in intensive farming. As the report of the European Food Safety 
Authority Panel on Animal Health and Welfare showed in their 
survey of 100 slaughterhouses from ten EU countries, there are 
multiple reasons for sending pregnant animals to slaughter, e.g., 
“poor record keeping on insemination and pregnancy checks” or 
“loss of respective information during trading” (AHAW et al., 
2017). This report also dismisses the misconception of Verstee-
gen et al. (2021) that it is “not economically viable to slaughter 
close-term dams since the calf is valuable”, as it states that a “low 

2 https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:12008E191:EN:HTML 
3 https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32005R0001:EN:HTML 
4 http://www.gesetze-im-internet.de/khfeverbg/__4.html
5 https://www.eurogroupforanimals.org/sites/eurogroup/files/2021-01/2020_01_27_efa_transport_white_paper_0.pdf 
6 https://www.lksh.de/landwirtschaft/markt/rinder-und-kaelbernotierungen/ 
7 https://www.serumindustry.org/standardization/countries-of-origin/
8 https://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_aw_slaughter.htm 
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ter its confirmed death9. This means that simply waiting a certain 
amount of time would not be enough to fulfill animal welfare and 
legal regulations.

Scientific issues with FBS use 
Finally, there is still the elephant in the room: The scientific issues 
every end-user faces (be it knowingly or unknowingly) when sup-
plementing their cell and tissue culture media with FBS.
To name just a few:
–	 The undefined nature of FBS
–	 The variability between batches
–	 Possible contaminations
All these issues potentially inhibit reproducibility, interfere or dis-
tort experimental results, and cause increasing expenses due to 
purchasing and pre-testing of multiple batches (van der Valk et al., 
2018). A continued use of FBS in the present and future can by no 
means solely be justified with discoveries from the past that in-
volved FBS use as Versteegen et al. (2021) suggest. Furthermore, 
it cannot be proven that past discoveries would not have been 
made if FBS had not been available at that time. Instead, the abun-
dant use of FBS in the last 60 years has delayed the search for and 
the definition of required elements in cell culture media. 

Nevertheless, alternatives to FBS do exist and continue to prove 
their suitability10. Therefore, from an ethical point of view, there is 
no justification to continue using FBS any longer.

Conclusion
As long as there are no legally binding regulations that not only 
apply where practical, ethical and animal welfare issues remain 
immanent in the whole process of obtaining FBS. Existing regula-
tions on transportation and slaughter of pregnant animals have to 
be followed and controlled, while being extended to at least meet 
the demands of Eurogroup for Animal’s White Paper5. Further-
more, a consistent legal framework to monitor and record (artifi-
cially induced and naturally occurring) pregnancies in bovines as 
well as a veterinary examination (or a mandatory pregnancy test) 
before transport, has to be implemented. This would ensure that 
pregnant dams and their fetuses do not end up at slaughterhouses 
in the first place and therefore drastically reduce the number of fe-
tuses used in ethically questionable blood collection procedures. 
Hence, fetal blood should not be simply deemed to be a “byprod-
uct” of the meat and dairy industry forever. 

In the meantime, while FBS is still being produced, legally 
binding regulations are indispensable and must at least implement 
mandatory anesthesia and/or humane killing of the fetuses (Weber 
and Wagner, 2021). There are good reasons to claim that they do 
experience some kind of pain during the procedure. Thus, the col-
lection of fetal blood is strongly linked to suffering, which under-
lines the urgency of animal welfare improvements concerning this 
topic. And as long as animals are still used for human purposes, 

maximizing their welfare should be an ethical necessity, not maxi-
mizing their potential in the (human-centered) food chain. 

Implementing animal welfare standards will disrupt the most 
unethical practices of the current system and bring it closer to a 
balance between animal and human needs that is not built on suf-
fering and distress.

We reconfirm our invitation to the serum-producing industry 
to encourage discussions to find a common solution for the ani-
mal welfare issues and the development of animal-friendly in vitro 
media supplements, not only for ethical reasons but also to con-
tribute significantly to safe, reproducible and consistent advances 
in medical and veterinary health.
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