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Serum and other blood-derived products, including fetal bovine
serum (FBS), have been widely used in the research and phar-
maceutical arenas for many years. The use of these materials has
contributed significantly to many and varied advances in medical
and veterinary health. These products continue to have an import-
ant role in research and drug development and manufacturing.

FBS has had a very specific role in the culture of mammali-
an cells for over 60 years. In 1954, for example, John Franklin
Enders, Thomas Huckle Weller and Frederick Chapman Robbins
were awarded the Nobel Prize for Physiology for their discovery
of a method of growing the polio virus in monkey kidney cell cul-
tures!. Since then, FBS has proven to be a very useful tool for a
broad spectrum of applications due to the ability of the product to
support the growth of a wide range of mammalian cell types. Re-
cently, growing concerns have been raised relating to the ethical
collection of the product (van der Valk and Gstraunthaler, 2017;
van der Valk et al., 2018; Weber and Wagner, 2021). This docu-
ment seeks to clarify the situation and address those concerns.

It must be strongly emphasized that FBS is not collected
through an individual process unrelated to other processes. It is,
in fact, a by-product of the production of meat for human con-
sumption. If it was not collected for use as a cell culture addi-
tive, this important resource would be diverted for use as pet
food or for rendering. Ethical concerns surrounding the slaugh-
ter of animals for food have been widely addressed globally, and
the slaughter processes have been refined to ensure that animals
do not suffer within those processes (Nielsen and Hawkes, 2018;
Murray, 2019). This is a highly regulated area with veterinary of-
ficers present on site at facilities worldwide to monitor activities.
The Code of Professional Conduct for Veterinary Officers in ev-
ery geography where FBS is collected ensures that rigorous con-
trols are in place?3. In addition, detailed studies have been car-
ried out specifically to determine the potential for pain in fetuses

1 htips://www.nobelprize org/prizes/medicine/1954/summary

that may be present at slaughter (AHAW et al., 2017; Mellor and
Gregory, 2003). These, as well as specifics concerning the collec-
tion of fetal blood, will be reviewed here.

The sustainability of the food chain and the responsibility of
society to maximize the use of these resources is now a focus of
global concern. It is therefore clear that there is a moral obliga-
tion to not only consider the welfare of animals within the food
chain but also to maximize the potential of these animals. Around
65% of the weight of an animal coming to slaughter will be meat
and bones®. While fetal blood is almost exclusively destined to
be processed into FBS, Figure 1 is a demonstration of how wide-
ly other bovine-derived materials are used within an extremely
diverse spectrum of industries. It is estimated that greater than
95% of the animal is used in some way".

The decision to slaughter an animal is complex and is dependent
upon a large variety of economic factors and the differing farm-
ing methods from geography to geography. Most cattle that are
slaughtered are bred and raised for meat production in a planned
process of husbandry. Some animals may be sent to slanghter at
different stages of their existence, dependent on a variety of factors
including the availability of water or food, disease, general health
issues or economic pressures. In some countries, the pregnancy of
a cow is closely managed by artificial insemination, and in others
pregnancy is less managed as animals are allowed to range free-
ly. Hence, some beef cattle may come to slaughter pregnant. The
dairy industry is the largest source of pregnant animals being sent
to slaughter. This industry manages herd status closely, since it is
the pregnant status of the animal that makes it suitable for milk
production. The culling of animals required for effective herd man-
agement may be as high as 30%°. Industry data shows that, based
on the number of animals slaughtered in most geographies’ and
the amount of fetal blood collected in the same area, it appears that
around 8% of all animals coming to slaughter are pregnant.

2 https:/iwww.rcvs.org.uk/setting-standards/advice-and-guidance/code-of-professional-conduct-for-veterinary-surgeons

3 https:/iwww.avma org/sites/default/iles/resources/20145_Resolution8_Attch1 pdf
4 http:/iwww. thebeefsite com/articles/759/dressing-percentage-of-slaughter-cattle/
5 https:/beef2live.com/story-fun-facts-products-beef-cattie-0-104636

© https://www.aphis.usda gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/nahms/NAHMS_Dairy_Studies

7 https:/www.indexmundi com/agriculture/?commodity=cattie&graph=total-slaughter
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Animal sentience

The Sentience Institute® describes sentience as “the capacity to
have positive and negative experiences, usually thought of as
happiness and suffering.” In recent years, various parts of the
world have begun to codify the fact that animals are sentient be-
ings, including France®, Oregon (USA)!Y, Quebec (Canada)!l,
and the Vatican!2. The World Organization for Animal Health
(OIE) guiding principles for animal welfare states that “the in-
ternationally recognized five freedoms’ (freedom from hunger,
thirst and malnutrition; freedom from fear and distress; freedom
[from physical and thermal discomfort; freedom from pain, injury
and disease; and freedom to express normal patterns of behav-
ior) provide valuable guidance in animal welfare™3. It is also
clear that “the internationally recognized ‘three Rs’ (reduction in
numbers of animals, refinement of experimental methods and re-
placement of animals with non-animal techniques) provide simi-

8 hitps:/www.sentienceinstitute.org

9 hitp/fwww.assemblee-nationale.fr/14/amendements/1808/AN/S9.asp

10 hitps//barkpost com/good/oregon-court-finds-dogs-are-sentient-beings/
1 hitp:/legisquebec.gouv.qc.calen/showdoc/cs/B-3.1

lar guidance for the use of animals in science”*. The collection
of FBS must therefore be performed with great attention being
paid to avoidance of pain for both the fetus and the dam1>.

Maturation of the fetus

Careful analysis of physical responsiveness, behavioral arousal
and awareness in fetal and newborn lambs and calves provides
important information on fetal maturation and consciousness
(Mellor and Gregory, 2003; Mellor, 2003; Mellor et al., 2005,
2008, 2010; Mellor and Diesch, 2006). In utero, the fetus is im-
pacted by the operation of several suppressors of both arousal
and awareness. These include low levels of oxygen in the fetus,
high levels of progesterone and its metabolites, warmth inside
the mother, a low level of sensory input, especially tactile stimu-
lation, and an inhibitor of behavioral arousal and breathing pro-
duced by the placenta (Mellor and Gregory, 2003). Using EEG

12 nitp:/www.vatican va/content/irancescolen/encyclicals/documents/papa-francesco_20150524_enciclica-laudato-si htmi
13 www_oie.int/index_php ?id=169&L=0&htmfile=chapitre_aw_introduction.htm#article_aw_introduction.2

14 hitps-/fec.europa eufenvironment/chemicalsfiab_animals/3r/alternative_en htm

15 hitps-ifeur-lex europa. eu/LexUriServ/LexUriServ.do?uri=0J:L-2010:276:0033:0079:en-PDF
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technology, it has been shown that from mid-gestation to birth,
brain electrical activity of the fetus resembles that of a sleeping
adult. This indicates that the fetus is not conscious and therefore
cannot feel pain (Mellor and Diesch, 2006).

During pregnancy, the organs of the fetus mature slowly un-
til three to ten days before birth when the rate of maturation
accelerates due to fetal hormone changes. This maturation of
fetal organs is essential for survival of the newborn. Fetuses
delivered from the uterus before this time, which includes mat-
uration of the lungs, cannot inflate their lungs with air when
they try to breathe (Mellor, 2003). Therefore, fetuses delivered
prematurely with immature lungs cannot increase their blood
oxygen levels by breathing, and hence cannot become con-
scious and feel pain.

Physiological changes during slaughter

The important steps in the slaughter process with regard to the
collection of fetal blood are shown in Figure 2. Within seconds
of the neck or chest cut (Step 3) during the slaughter of pregnant
animals, the associated catastrophic drop in blood supply to the
dam’s brain is paralleled by a similar drop in blood supply to all
other maternal tissues, including the uterus, which prevents oxy-
gen delivery to all fetal tissues, including the fetal brain (Mellor,
2003). The cessation of blood supply to the uterus during slaugh-
ter of pregnant ruminants causes fetal blood oxygen levels to fall

16 https://bit. ly/3xdQUED
17 https:/bit. ly/3x0UTNT
18 hitps://fanimalhandling.org/producers/guidelines_audits

and fetal blood carbon dioxide levels to rise rapidly. If the fetus
remains in the uterus after slaughter, the heartbeat will ultimately
cease. As can be seen in Figure 2, there are many steps after Step
3 that must occur prior to fetal blood collection. Industry and oth-
er estimates of the speed of the processing rail, and hence the
time required to reach this point in the process, range from 20 to
40 minutes. As such, there is no possibility of life either inside or
outside the womb. It is therefore inconceivable that a fetus could
be aroused to an aware state and suffer.

Fetal blood collection

Recognizing the sentience of animals, and possibly resulting
pain, the aspects of fetal blood collection that must be consid-
ered include slaughter of animals, sending pregnant animals to
slaughter, transportation of pregnant animals, collection of the
fetus, rescue of the fetus during slaughter, and collection of fe-
tal blood!3,

Slaughter of animals

Guidelines and regulations exist and are universally accepted to
promote humane and ethical processes for the slaughter of an-
imals. Examples of their broad acceptance include the OIE —
Slaughter GuidelS, EU Slaughter Regulations!’, US Humane
Slaughter Guidance!®, and A Greener World — Animal Slaughter
guidelines!®. Also, each veterinary officer attending a slaughter-

19 hitps:/fagreenerworld org/wp-contentiuploads/2018/05/Slaughter-Guidelines-for-Red-Meat-2017-v1 _pdf
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