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Air-conditioning room in the chicken house-the application concept of the water-type chicken house uses water
evaporation to take away extra heat (the higher the temperature/drier the effect is more obvious)

ERmEC ERRE (%)

e — .
24.4 87 78 70 62 55 48 41 34 28 22 16 11 5 ;_ -EREEAKXFEMmMmER
25.6 8 79 71 63 56 49 43 36 30 24 18 13 8 El"] Fﬁ
26.7 8 79 72 64 57 50 44 38 32 26 20 15 10 <o
27.8 88 80 72 65 58 51 45 39 33 28 22 17 12 FEHBRBESGHGLZERBESHNE=E
28.9 88 80 73 66 59 52 46 40 35 29 24 19 14 NeSiE= _99°C .
30 88 81 73 66 60 53 47 42 36 31 26 21 16 A }_;“E:l9 2/2\ C °
311 88 81 74 67 61 54 48 43 37 32 27 22 18 ffé SomEER28-30°CH
32.2 80 81 74 68 61 55 49 44 39 34 29 24 19 EAEZUEHERRERIR
333 89 82 /5 68 62 56 50 45 40 35 30 25 21
344 89 82 /5 69 63 57 51 46 41 36 31 27 22 Heat stress - As the name suggests, an urgent
35.6 89 82 76 69 63 58 52 47 42 37 32 28 24 problem encountered due to hot weather -
36.7 89 83 76 70 64 58 53 48 43 38 34 29 2% The most suitable breeding temperature for
37.8 89 83 77 70 65 59 54 49 44 39 35 30 26 laying hens and broiler commercial products is
389 90 85 78 72 67 62 56 51 46 42 36 32 28 19-22°C.When the ambient temperature is
40 90 85 78 72 67 62 56 52 47 43 38 33 29 hlgher than 28-300C, clinical manifestations of
411 I cotstress will occur

FREARERE (°C) 17 28 39 50 61 72 83 94 106 117 128 139 150



;‘E S
#2278 Heat stress e
EHAITIRIER

(Ceiling insulation value of

Roof painted white ora
2.25m? *C/Watt)

reflective color to reflect heat

Window shades Sufficient roof

o 27°CLTFIEB18% /5 i

Remove manure to improve ventilation and
remove heat source

o 31.7°CH5EBI171R/5 8

around houses will
be cooler than
bare ground and
radiate less heat

-~ Orient house on an east-west axis to minimize solar heating and
P 3 9 5 o H:l: O E 3 9 5 - // fn inta the house direct sunlight through windows
-—
CH5oJ%E =2
° N, JJ Figure 7 Open house design for reducing heat stress.
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E & 4
. THERMOREGULATION OF THE HEN
il y Excess body heat is removed by four different mechanisms (see Figure 1).
[N] *¥ = ¥ 1. Convection 3. Evaporative Cooling
E Body heat lost to cooler surrounding air. Birds will increase Rapid, shallow, open-mouth

exposed surface area by drooping and spreading wings. 4 breathing increases heat loss

Convection is aided with air movement by creating a S 7 A by i ing the

wind chill effect. of water Irom the mouﬂl and
N respiratory tract. Evaporative

Vasodilation - Blood-swollen wattles A ? 7 7 :\\ i i

and comb bring internal body heat  _ A
to the surface to be lost to the cooler 7\

air humidity.

‘) 5 - N
surrounding air. - ., < U ReducedBody Heat 4, Condlnsion
MAAAAAAN, Production — Body heat loss to cooler

objects in direct contact with
the bird (i.e. litter, slats, cage
wire). Birds will seek cooler
places in the house. Birds will

2 Radistion COOCKCCUK, - \andlstess, decrease
El b waves fer heat « feed consumption.

through the air to a distant object. Body .~ X lie on floor and dig into litter to
heat is radiated to cooler objects inthe e 4 N ' g

lie Silpraant i find a cooler place.
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;‘\ cooling is aided by lower
-
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Figure 13. Management schedule during times of
heat stress.




Effect of Some Organic Acids on Body Weight, Immunity and Cecal

Bacterial Count of Chicken during Heat Stress-1
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Objective : The aim of the experiment was to evaluate the effect of heat stress on body weight,
immune response and cecal bacterial count in parent broiler chickens and to determine the
ameliorating effects of some organic acids to overcome heat stress.

Results : Heat stress caused significant decrease in body weight, coliforms count and serum lysozyme
level at 5th week of age. The body weight has been significantly ameliorated by organic acids.
Conclusion : It is concluded that heat stress has deleterious effects on chickens and organic acids has
significantly ameliorated some of these effects.



Effect of Some Organic Acids on Body Weight, Immunity and Cecal
Bacterial Count of Chicken during Heat Stress-2

Table 1: Effect of heatand organic acids on body weight, bursa/body weightratio, spleen/body weight ratioand Hemagglutination inhibition (HI) titer of broiler parents
at 4™ and 5" weeks of =g .

Body weight (g)

i Bursa/body weight (ratio) Spleen/body weight (ratio) HI (antibody titer)
Variable (n = 16) 4" week 5" week 4" week 5™ week 4" week 5" week 4" week 51 week
Temperature
Normal 1108£27 2602152 0.214%0.11 01230019 0.111+0.008 0.07910.006 3.8x05 241034
High 1127+27 2454150 0.179+0.11*  0.126%=0.019 0.092+0.008 0.078%0.006 2.5x0.5 1.7+0.34
p-value 0614 0.050 0.034 0.907 0.109 0.946 0.105 0.133
Organic acid
Organic acids 1145127 261752 0.185%0.11 0.117x0.019 0.102+0.008 0.082+0.006 31205 21x034
No organic acids 1089127 2439152 0.208+0.11 0.132+0.019 0.101+0.008 0.076£0.006 32105 194034
p-value 0.156 0.022 0.144 0.562 0.958 0.0541 0.813 0610
Temperature X Organic 0.793 0.393 0.282 0.367 0.873 0.379 0.479 0610

acids (p-value)

*Means differ significantly at p<0.05



Effect of Some Organic Acids on Body Weight, Immunity and Cecal
Bacterial Count of Chicken during Heat Stress-3

Table 2: Effect of heat and organic acids on hematology of broiler parents at 4™ and 5" weeks of age (Means +SE)

ymphocyte (%) H:L TLC(10*/mm?)
Variable (n = 16) 4" week 4" week 5" week 4" week 5" week
Temperature
Normal 741+19 0.291+0.03 0.640£0.15 10.2+042 141614
High 746+19 0.259+0.03 0.528+0.15 7.7x042% 13.02+1.4
p-value 0.856 0.540 0614 0.001 0.446
Organic acid
Organic acids 74619 0.261x0.03 0.675x0.15 01042 1547 +1.4*
No organic acids 740+1.9 0.288+0.03 0493£0.15 861042 1171114
p-value 0.820 0.605 0415 0537 0.017
Temperature X Organic 0.683 0.782 0.056 0.143 0.124

acids (p-value)

H:L: Heterophil : lymphocyte ratio,

: |otal leucocyte count, *Means differ significantly at p=0.05, **Means differ significantly at p=0.01
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A novel purified and encapsulated plant extract coccidiostat

v’ 3,4,5 = FELIEEHEE 3,4,5 Trihydroxybenzoic Acid (THB)
vV OIRE N ENTEYEE 0 BE

v Derived from selected group of plant such as :
v MEZE Quercus infectoria
v 48] Rhus chinensis
v §&{— Terminalia chebula

v FEFR A Reny, B M AR P U E B B &2 5 [EAYEK #2iF Controlling coccidiosis E. tenella, E. maxima

and E. acervuline by reduction in the activity of sporozoites

v H OB E IR E R R 0 A TIE(EIIZER(OPG) » FISE T Results in a reduction in caeca

lesion score, oocysts per gram of fecal matter and mortality in poultry
[N] WO 2014/004761 A2

NICE GARDEN



fﬁﬂf %ﬁ“ Mode of action fr i EE T-BEWEE Scanning Electron Microscope

v THBE #£ E I T-AcHIHAERA -

iE P B IR Z HTAIE

v THB is directly disrupting membrane cell wall of sporozoite U i mum mise (O T
THB kill the parasite before it can infect the bird. s e [ 45% THB & FH {5 7 7B
Control sporozoites Sporozoites with THB 45%

v MR T DURRIR S R IE SR R il
(SFT) E17& :

=
=

%THB g
v Active ingredient is presented in proprietary spray freezing released
30 The active ingredient THB
technology (SFT) of encapsulation 2

A= . N > TR EF R T
v g B A T R SR T RE R PEARL™ Technology by KEMIN
RS EFER
A i pi=]

v This process is to ensure the active ingredient will be released
throughout the length of the intestine

NICE GARDEN




THB¥ENE B BIHIEZEE THB - IMPACT ON LESION SCORE

. DA i 2P ES
Trial 1 =XE@1 Trial 2 =52
3 .
4.00 -
2.5 - 3.50
S 2 a a da 3.00
(]
B bC 2.50
@15 |
e 2.00
9 C b b
s 1.50
9 b
b 1.00
0.5 -
b C 0.50
0 x ] \ -
E. tenella E. acervulina E. maxima E. maxima E. tenella
 Control W Infected control lonophore E THB

1 THB E lonophore 1 Challanged Control
HEAUPRERgE  aEiede

PrEEE PSR T iUBRaigs THB

Source: Trial 1 - WP-13-00122Trial 2 - EVALUATING THE EFFICACY OF ANTI-COCCIDIAL COMPOUNDS USING BIRD CHALLENGE EXPERIMENTS, TRPVB/14/2/cocci-3/study report, TANUVAS

NICE GARDEN



THBR A T R EFINEB(OPG)HVR R

THB - OOCYST PER GRAM (OPG) OF FECAL MATTER

Trial 1- 8t day Post challenge Trial 2- Mean of cumulative oocysts output per
S 1- IR E8R gram per bird :KE#H2- ZEEIIFEECEIE

1.E407 1400000
1200000

1.E406

g 1000000 -

2 1E+05 C

2 800000 -

o

&

8 1 F404 - 600000 -

8

(7,]

7 400000 -

>

S 1.E+03 -

o 200000 -
1.E+02 , 0 -

Control Infected Ionophore THB lonophore Infected control

control N . I
B M EETISREZE  THe HETASREE M

Source: Trial 1 - WP-13-00122Trial 2 - EVALUATING THE EFFICACY OF ANTI-COCCIDIAL COMPOUNDS USING BIRD CHALLENGE EXPERIMENTS, TRPVB/14/2/cocci-3/study report, TANUVAS

NICE GARDEN



Vaa oy
A N
Chick Densit
Month _ y
(Chick/M2)
10 Oct 11.1
11 Nov 11.7
12 Dec 11.5

W%ﬁ )u\\\n% Result — Performance

HZ Bk BUEEEESS
Age BW/ Square Meter
CEND) ( kg/ MM )
39 2.27 25.19
38 2.20 25.74
37 2.24 25.76

Bl

FCR

1.634
1.614
1.614

)
MEIEH

EEF

352
355
365

NICE GARDEN
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22=T TRIAL DESIGN

CIFR10° 5 S5 128 . %T:jéf{é@ﬂ%%{ OPG count
S ERET A Inoculation of 10 o IR IEEEE C.occidi.a .Lesion scoring
Start of trial sporulated oocysts* - PiEkERfEE Anticoccidial Index (ACI)

o MEEESE(E Performance evaluation

D1 D8 D14

WENEBRIKR S IEREEFRAS P RRIKENAENENEAT YR m P OIS

The Eimeria spp. isolate were obtained from samples of intestinal content collected from
coccidia-infected chickens from commercial farm in Thailand. Consist of mixed £ maxima, E.
acervuline, and E. tenella

PUBRSEcREEE - DIEIEMIKGEEmENSRAATESRE D HNNEYWR

The diet were formulated at low specs to observe the efficacy of anticoccidial products in
improving broiler performance

NICE GARDEN



SREREE SR TRIAL RESULT (DAY 7 - 14)

RN E
Comparative weight
gain (%) *
PERFORMANCE EVALUATION 105
N
£ ERHRERTE(Y o 100
. , . .o\ - average weight of treated group
Comparative weight gain (%) ~verage welght of control group x 100 No challenge 95
90
lonophore + Chemical@kFZI+( 22 HI =
£ chemical =% %TH B%lﬂn Q 85
“ Plant Based fE ¥ M EE \\
80
o © O =n= i
o n ERERE 70
Cocci Challenge
Without treatment 65
e o
FCR 27 2.5 2.3 2.1 1.9 1.7 15

NICE GARDEN



ER&EEL TRIAL RESULT (DAY 7 - 14)

&H 1 I&% ﬁ@. OPG (x1 04) Fﬁﬁkﬁ%ﬁ
Group Challenged Treatments ACI*
Group 1 - - 0.00 200
Group 2 Yes - 33.20 98
2 THBEE i
Group 3 Yes THB inside product 30.68 ns
A A+ L2 A
Group 4 Yes lonophore + Chemical 80ppm 23.12 138
(L RIEk 22 8%
Group 5 Yes Chemical 1ppm 9.76 140
S THBEm(EHIE)
Group 6 Yes THB inside product(high dose) 4.76 148
TP i
Group 7 Yes Plant based product 1 kg/MT 30.28 110

v’ RO e A R ek 2 UK

v" Anti-coccidial Index = (% survival + % com.wt) — (lesion score index + oocyst count index).
The higher the index number, the more sensitive against coccidiosis [N]

NICE GARDEN



B — B Ea S -2 THBR IR B 78
© Zero withdrawals, no side effects. = =% fwgi1E A

© Easy to handle with excellent fluidity s7mhis:a: o
© Compatible with other additives =yezzcsnszmsig

@ Consistent release throughout the intestinal tract

© Fits perfectly with your current anticoccidial program
SRR A S A B s




Three Animal Health Breakthroughs

o R AR R Oz R

Three Animal Health
Breakthroughs

Heat stable vaccines

that are safe at temperatures up to 50°C
could help overcome diseases such as
Rift Valley Fever and PPR

Better nutrition

improves gut health and strengthens
t Cﬂj natural antibodies, which can reduce

the need for antibiotics

Sophisticated diagnostics

are increasingly entering the
veterinary market to rapidly
analyze blood and urine samples

[}

Find out more about animal health trends at:

HealthforAnimals.org/AnimalHealthMatters Tl

global animal medicines association

Y VYV

Health\Ufor Animals

global animal health association

Heat stable vaccines (#:4& T % w ) >50°C

ex: Rift valley fever PPR vaccine

Better nutrition

improves gut health and strengthens natural
antibodies, which can reduce the need for antibiotics.
SR EE RS B CE R
23 R

Sophisticated diagnostics

Sophisticated diagnostics increasingly entering the
veterinary market to rapidly analyze blood and urine
samples.

https://www.healthforanimals.org/resources/newsletter/articles/three-animal-health-breakthroughs/ 19
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Using cross-species vaccination
approaches to counter emerging
infectious diseases

Gearge M. Warimwe(5, Michael J. Francis(®, Thomas A. Bowden,

Samuel M. Thumbi and Bryan Charleston

Abstract | Since the initial use of vaccination in the eighteenth century, our
understanding of human and animalimmunology hasgreatly advanced and a wide
range of vaccine technologies and delivery systems have been developed. The
COVID-19 pandemic response leveraged these innovations to enable rapid
development of candidate vaccines within weeks of the viral genetic sequence
being made available, The development of vaccines to tackle emerging infectious
diseases is a priority for the World Health Organization and other global entities.
Mare than 70% of emerging infectious diseases are acquired from animals, with
some causing illness and death in both humans and the respective animal host. Yet
the study of critical host-pathogen interactions and the underlying immune
mechanismsto inform the development of vaccines for their control is traditionally
done in medical and veterinary immunology ‘silos’. In this Perspective, we highlight
a ‘One Health vaccinology’ approach and discuss some key areas of synergy in
human and veterinary vaccinology that could be exploited to accelerate the
development of effective vaccines against these shared health threats.

Vaccination to control infectious diseases
has had a major direct impact on human
health and welfare and has also secured
food supply by improving animal health and
controlling zoonotic diseases. For instance,
childhood vaccination prevents more than

2 million deaths every year, with vaccination
coverage being a strong indicator of the
incidence of vaccine-preventable diseases in
humans (for example, measles, yellow fever
and polio)'. Similarly, veterinary vaccination
against endemic diseases increases survival
and productivity in food-producing animals
such as cattle and poultry, with net gains in
disposable household income and access to
protein-rich animal source foods improving
human nutrition™*. However, despite these
and many other examples of vaccine impact,
very little interaction eccurs between
human and animal vaccine developers and
policymakers,

The development pipelines for human
and animal vaccines are similar processes,
including biological and scientific parallels
in vaccine design and evaleation, as well

as common bottlenecks that influence

the success of vaccine development
programmes” [FIG. 1). However, there are
differences in the complexity of the vaccine
pipelines, largely due to the differing types
of dinical data and regulatory requirements
for licensure and the associated bottlenecks
that are unique to the animal or human
vaccine pipeline®. One example is the

need for vaccine safety and efficacy data

as assessed by experimental infection

of vaccinated and unvaccinated target
animal species in the veterinary field; in
humans, phase 11 and phase 11l randomized
controlled studies for estimation of

vaccine efficacy against natural expaosure
are used, although human infection

studies are now used for some vaccine
]:lmgummcs-. Diespite these differences,
the solutions to address bottlenecks in the
animal and human vaccine development
pipelines tend to be similar®. For instance,
optimizing the immunogenicity of vaccines,
whether in animals or in humans, invelves
iterative study of vaccination regimens or

PERSPECTIVES

adjuvant combinations to inform ‘go’ or
‘no-go’ decisions with regard to subsequent
development of promising vaccine
candidates [FIC. 11,

Maost human infectious diseases have
an animal origin, with mere than 70% of
emerging infectious diseases that affect
humans initially crossing over from
animals®. Generating wider knowledge
of how pathogens behave in animals can
give indications of how to develop control
strategies for human diseases, and vice
versa. ‘One Health vaccinology! a concept
in which synergies in human and veterinary
immunology are identified and exploited
for vaccine development, could transform
our ability to control such emenging
infectious diseases. Due to similarities in
host-pathogen interactions, the natural
animal hosts of a zoonotic infection may
be the most appropriate model to study the
disease and evaluate vaccine performance’.
This could result in a scenario where a
cross-species vaccine is feasible, such as
Louis Pasteur’s live attenuated rabies vaccine
that was protective in dogs and humans" —
although different products are now
used for rabies vaccination in humans and
dogs'! — or our own group's Rift Valley
fever vaccine, which is in co-development
for use in humans and multiple livestock
species’?. Effective control of zoonotic
diseases may require vaccination within
reservoir animal hosts to break transmission
to humans, and in humans to prevent
disease”, making One Health vaccinology
relevant for disease control policy. This
strategy is already used for prevention
and elimination of rabies, where mass dog
vaccination remains the most cost-effective
strategy Eur breaking disease transmission to
humans"". However, due to the difficulty in
prtdlcung spillover events for new infections
from animals to humans", implementing a
cross-species vaccination programme may
only be feasible where the domestic animal
reservoir of human infection is known
(see TABLE | for some examples), but a
cost-benefit analysis would be necessary
to inform implementation.

For non-zoonotic illnesses, the natural
course of infection and acquisition of
immunity against closely related pathogens
may be similar between animals and
humans, allowing accelerated development

NATURE REVIEWS | IMMUNOLOGY
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One Health vaccinology " ¥ - 2 & £ v & |

Human vaccine pipeline Preclinical study Phase | Phase -l
(10-15 years, =U5%1 billion) ilabaratary animals) (first-in- ilarge-scale
! human trial) population studies)
_E. L ] -
2 h TR L1
e oA P Fr
2 47 L e -
= Iy » |Licensure and
_:) / ! deployment
Target product Immunogen . S::_Elsﬁﬁfiﬁ Continuous safety monitoring
_prc-ﬁle design and manufact e [pharmacovigilances/phase [V studies)
Veterinary vaccine pipeline \ T
(3-6 years, 2US$0.015 billion) Iy » | LicEnsure and
- rr ™ deployment
ﬂ",ﬁ_{} \:.'_1!_; Iﬁ“‘r,_- ) _1|';
US 15,000,000 &) 4
_.r-IF' ¥ & .r-ll'

i) "ﬂ

Early-phase development ' Late- -phase development/

{safety and efhcacy in field trials

natural disease host) {Farm-leve] vaccine studies)

Regulatory affairs and ethical approvals

Fig. 1 | Vaccine development pipeline. The typical vaccine development pipeline is shown, starting from target product profiling to licensure and
deployment. The respective stages and approximate costs for veterinary and human vaccines are shown. Although presented as a linear
chronological process, some of the different stages of the pipeline for a ‘multispecies’ vaccine can occur in parallel. For instance, the candidate
ChAdOx1 RVF vaccine against Rift Valley feverwill soon undergo evaluation in human clinical trials in parallel with veterinary development, having
been made with the same manufacturing starting material. GMP, good manufacturing practice.

21



[able 1| Key diseases where cross-species vaccination programmes may be feasible

Human disease Key domestic animal hosts Licensed Licensed
human vaccines veterinary
available? vaccines available?
Rabies Dogs Yes Yes
Rift Valley fever Sheep, goats, cattle, camels  No Yes (Lvaﬁ;f_";)'/vHH
Brucellosis Sheep, goats, cattle,camels  No Yes
Crimean—Congo Sheep, goats, cattle,camels  No No
haemorrhagic fever
respiratory syndrome
Tuberculosis Cattle Yes No
Q fever Sheep, goats, cattle, camels  Yes No

Fig. 2 | The heavy chains of bovine antibodies can encode a very long CDR H3, which
Nipah virus infection  Pigs No No contrasts with the equivalent CDRs of human, mouse and heavy chain camelid
antibodies. Structures of antigen- binding fragment regions from bovine (BLV1H12,
Protein Data Bank (PDB) ID 4K3D-:; part a), human (PG9, PDB ID 3U2S:; part b), mouse
(93F3, PDB ID 1T4K:; part c) and camelid (VHH-5, PDB ID 5U65 (..:2; part d) antibodies
(shown in cartoon representation). Heavy chains are coloured blue and light chains are
coloured green. Heavy chain complementarity- determining region 3 (CDR H3; or CDR3 in
the case of the camelid antibody) for each structure is coloured orange. PG9 contains a
relatively long CDR H3 for human antibodies. Structures were rendered with PyMOL
(version 1.8.6.0; Schrodinger LLC).

Hendra virus infection Horses MNo Yes

22
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Box 1| Experience and lessons from the use of coronavirus vaccines in animals

Allmajor domestic animal species are susceptible to coronavirus (CoV) infection, typically
resulting in clinical symptoms involving the respiratory system or the gastrointestinal system.
Severallicensed veterinary vaccines against CoV-associated disease are available (see TABLE 2
for examples), and these are predominantly composed of live attenuated CoV or whole inactivated
virions that are administered in an adjuvant. However, subunit, viral-vectored and other types of
recombinant vaccines are in development. Some examples of licensed animal CoV vaccines and
some keyimmunological observations are summarized below, with further details available in
recent reviews of animal CoV vaccines®".

Key observations from veterinary use of CoV vaccines™*:

* Virus-neutralizing antibodies directed to the surface spike (S) protein play a major role in
protective immunity.

* The duration of vaccine-induced immunity is variable but can last for at least 12 months, with
annual boosters required to maintain protective levels of immunity.

* Vaccines can be highly protective against severe illness resulting from CoV infection yet show
limited protection against mild disease or infection.

* Passive transfer of maternal antibodies fromvaccinated dams can provide protective immunity
against both enteric and respiratory CoV infections, as has been demenstrated in cattle.

* Tcell responses play an active role in the control of CoV infections. Forinstance, adoptive
transfer of CD8* T cells from immune chickens into unvaccinated chicks provides protection
from acute infectious bronchitis, with epitopes mapped on the nucleocapsid and spike protein.

+ Different routes of administration can be used for CoV vaccination. Some veterinary vaccines
have been deployed for use orally (for example, infectious bronchitis vaccines in poultry),
intranasally (for example, bovine CoV vaccines in calves) or as an oral prime followed by an
intramuscular boost (for example, transmissible gastroenteritis vaccines in pigs). Induction of
mucosal immunity, mediated by IgA, is thought to increase the protective efficacy of vaccines.

* The emergence of CoV spike protein variants may impact vaccine performance, resulting in
insufficient protection and necessitating updates to vaccine immunogens. The strategies used
to increase the breadth of the protective immune response against different CoV variants
include (1) prime—boost regimens using vaccines incorporating different CoV variants (that is,
vaccinating with one strain and boosting with another) and (2) inclusion of multiple CoV strains
within asingle vaccine.

* Antibody-dependent enhancement of CoV infection following vaccination and virus exposure
can be readily demonstrated in cats. This may provide ausefulmodel to understand the
antibody-dependent enhancement phenomenon.

* Monitoring of CoV antibody seroprevalence in poultry has been used to inform decisions on
whether to implement a vaccination programme on the basis of the levels of flock immunity.
This is primarily aimed at achieving a cost-efficient disease control programme but could also
be used ina scenario where vaccine supply is limited.
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Key observations from veterinary use of CoV vaccines:

Virus- neutralizing antibodies directed to the surface spike (S) protein play a
major role in protective immunity.
The duration of vaccine- induced immunity is variable but can last for at least 12
months, with annual boosters required to maintain protective levels of immunity.
Vaccines can be highly protective against severe illness resulting from CoV
infection yet show limited protection against mild disease or infection.
Passive transfer of maternal antibodies from vaccinated dams can provide
protective immunity against both enteric and respiratory CoV infections, as has
been demonstrated in cattle.
T cell responses play an active role in the control of CoV infections. For instance,
adoptive transfer of CD8+ T cells from immune chickens into unvaccinated chicks
provides protection from acute infectious bronchitis, with epitopes mapped on
the nucleocapsid and spike protein.
Different routes of administration can be used for CoV vaccination. Some
veterinary vaccines have been deployed for use orally (for example, infectious
bronchitis vaccines in poultry), intranasally (for example, bovine CoV vaccines in
calves) or as an oral prime followed by an intramuscular boost (for example,
transmissible gastroenteritis vaccines in pigs). Induction of mucosal immunity;,
mediated by IgA, is thought to increase the protective efficacy of vaccines.
The emergence of CoV spike protein variants may impact vaccine performance,
resulting in insufficient protection and necessitating updates to vaccine
immunogens. The strategies used to increase the breadth of the protective
immune response against different CoV variants include (1) prime—boost
regimens using vaccines incorporating different CoV variants (that is, vaccinating
with one strain and boosting with another) and (2) inclusion of multiple CoV
strains within a single vaccine.
Antibody- dependent enhancement of CoV infection following vaccination and
virus exposure can be readily demonstrated in cats. This may provide a useful
model to understand the antibody- dependent enhancement phenomenon.
Monitoring of CoV antibody seroprevalence in poultry has been used to inform
decisions on whether to implement a vaccination programme on the basis of the
levels of flock immunity. This is primarily aimed at achieving a cost- efficient
disease control programme but could also be used in a scenario where vaccine
supply is limited.
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Table 2 | Examples of licensed coronavirus vaccines for veterinary use

Target CoV genus CoV-induced

species targeted by vaccine disease

Cattle Betacoronavirus Gastroenteritis,
neonatal calf
diarrhoea

Poultry Gammacoronavirus  Respiratory disease,

reduced egg yields
Pigs Alphacoronavirus G Gastroenteritis
Dogs Alphacoronavirus G Gastroenteritis
Cats Alphacoronavirus G Peritonitis

Licensed product
Rotavec Corona

Bovigen Scour
Calf-Guard
Nobilis IB+ND +EDS

ProSystem TGE/Rota
Solo-Jec6

MNobivac Canine 1-Cv
Felocell FIP

CoV, coronavirus; FIF, feline infectious peritonitis; TGE, transmissible gastroenteritis.
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Technology
Inactivated plus adjuvant

Inactivated plus adjuvant
Live attenuated

Live attenuated

Live attenuated

Live attenuated plus
inactivated plus adjuvant

Inactivated plus adjuvant

Live attenuated
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Formulation

Trivalent (CoV, rotavirus and
Escherichia coli)

Trivalent (CoV, rotavirus and E. coli)
Bivalent (CoV and rotavirus)

Multivalent (infectious bronchitis virus,
Newcastle disease virus and egg drop
syndrome virus)

Bivalent (TGE virus and rotavirus)

Multivalent (CoV, adenovirus,
parainfluenza virus and parvovirus)

Monovalent (CaV)

Monovalent (FIP virus)
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