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Abstract | The re-emergence of foot-and-mouth disease (FMD) in Indonesia in 2022 prompted the government to
implement control measures, including mass vaccination. The recommended protocol involves two vaccine doses with
a 4-5-week interval and a booster every 6 months. This protocol is effective for long-lifespan dairy cattle but may
not be ideal for fattening cattle, which are reared for a shorter period (90-150 days). The study aimed to assess the
immune response in fattening cattle following two-dose FMD vaccination, specifically the dynamics of white blood
cell (WBC) and FMD antibody titer. Thirty healthy fattening cattle were divided into two groups: one receiving two
vaccine doses and the other receiving a single dose. The targeted indicators were assessed using hematology analyzer
dan enzyme-linked immunosorbent assay (ELISA).At 60 days post-first vaccination (DPFV), there were no significant
differences in WBC profiles between the two groups. While antibody titers were slightly higher in the two-dose group
at 30 and 60 DPFV, the difference was not statistically significant. Nevertheless, higher variability in antibody titers was
observed in the single-dose group, indicating the potential issue of non-uniform herd immunity. The study suggests that
a single-dose FMD vaccination may be sufficient to stimulate an immune response comparable to that of the two-dose
regimen in fattening cattle. However, it should be implemented alongside stringent biosecurity measures to reduce the
risk of FMD virus introduction.
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INTRODUCTION virus (FMDV), an RNA virus from the Aphthovirus genus
in the Picornaviridae family (Li 7 al., 2021). The infection

Foot—and—mouth disease (FMD) is a significant eco- can impair animals’ability to eat, swallow, and move, lead-
nomic disease caused by the foot-and-mouth disease ing to reduced milk production, weight loss, and decreased
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reproductive function (Ekanayaka ez a/., 2022; Aslam and
Alkheraije, 2023; Ozturk ez al., 2020; Ismail ez al., 2023;
Raina ef al., 2023).

In response to the re-emergence of FMD in 2022, the
Indonesian government implemented control measures,
including biosecurity protocols, treatment, testing, cull-
ing, and mass vaccination (Antari 7 a/., 2024). The FMD
vaccination program, as per Decree No. 510/KPTS/
PK.300/M/6/2022, mandates a minimum of three doses
tor FMD-susceptible animals, with the first two doses 4-5
weeks apart and a booster every six months. Such vacci-
nation regimen is important for dairy cattle which have a
relatively long lifespan. Moreover, the higher fat metabo-
lism and mobilization rate in dairy cattle could potentially
induce the disruption of neutrophil and mononuclear im-
mune cells activities, especially as antigen-presenting cells
crucial for early immune recognition and response (Sordil-
lo 2016; Urrutia ef al., 2019; Habel and Sundrum, 2023).
On the other hand, fattening cattle are typically reared for a
short period of 90-150 days before slaughter. Additionally,
these cattle mainly focused on muscle growth by emphasiz-
ing the production and conservation of energy. Therefore,
more energy reserve is available for other body systems, in-
cluding immune system (Terry ez a/., 2021; Rivera-Villegas
et al.,2024).

These factors, along with the use of commercially available
killed FMD vaccine in the vaccination program, strong-
ly suggested that the need for multiple doses and booster
vaccinations may be less critical for fattening cattle. Pre-
vious studies have demonstrated that a single dose of the
FMD vaccine can stimulate antibody production within
four days, providing immunity for up to six months (Golde
et al., 2005; Biogénesis, 2022). Therefore, the current vac-
cination protocol for fattening cattle, as mandated by the
government, may need reconsideration. This study aims
to evaluate the necessity of two-dose FMD vaccination in

fattening cattle by assessing white blood cell profiles and
FMD antibody titers.

MATERIALS AND METHODS

This longitudinal study, conducted from November 2023
to January 2024 and involved imported Australian fatten-
ing cattle (Bos indicus, Brahman Cross/BX breed, aged 1-2
years) from a single importation shipment reared at PT
Rumpinary Agro Industry in Bogor Regency, West Java.
As part of the farm standard procedures, all cattle in this
shipment were physically examined by the company’s pri-
vate veterinarian upon their arrival on the farm to ensure
their health, and also under its supervision during the study
period. These cattle were imported from Australia which
have “FMD-free without vaccination” status. The number

of samples was determined using the minimum sample

number formula by Arifin and Zahiruddin (2017):

—10—!-1
T

n is the minimum sample number and £ is the number of
groups. This formula results in a minimum sample number
of 6. As such, during the earlier planning stage, 15 cattle
were allocated for this study. However, an additional 15
cattle from the same population pool were available from
the 30 days post-first vaccination (DPFV), increasing the
allocated cattle to 30 head. These cattle were then divided
into two groups of 15. The first group received two doses
of the FMD vaccine (on arrival and 30 DPFV), while the

second group received only one dose on arrival.

Blood samples were collected at 0, 14, 30, and 60 DPFV
and analyzed at IPB University for white blood cell
(WBC) profiles and FMD antibody titers. WBC profiling
was done using the Vetscan® HMS5 Hematology Analyzer,
and antibody presence was assessed using the ID Screen®
FMD Type O Competition ELISA and Foot and Mouth
Disease Virus Non-Structural Protein (NSP) Antibodies
ELISA Kit. Antibody titers were calculated from optical
density (OD) values and compared against a threshold to
determine their levels. The first group was evaluated for an-
tibodies at 0, 14, 30, and 60 DPFV, while the second group
was assessed at 30 and 60 DPFV. Data were analyzed using
descriptive and inferential statistics, with ANOVA used to
compare the groups.

RESULT'S AND DISCUSSION

In this study, lymphocyte, monocyte, neutrophil, eosino-
phil, and basophil counts were measured at 0 and 60 days
post-first vaccination (DPFV) for both groups. An in-
crease in white blood cell (WBC) counts was observed in
both groups at 60 DPFV, with no significant differences
between the two-dose and single-dose groups (p > 0.05).
All WBC values remained within the normal physiologi-
cal range as referred from Quishpe ez a/. (2020), indicating
no excessive immune response towards FIMD vaccination
(Table 1). Our results align with those of Yang ez a/. (2019),
who found that vaccination does not always lead to a sig-
nificant increase in WBC counts. This may be attributed
to the type of FMD vaccine used for disease control. In
Indonesia, we used an adjuvanted inactivated FMD vac-
cine, which is known for its good safety profile but may
not mimic natural infections as effectively as live attenuat-
ed vaccines. The inactivated vaccine likely induces primar-
ily a humoral antibody response rather than cellular im-
munity (Barteling, 2002; Diaz-San Segundo ez al., 2016;
Rodriguez-Habibe ez al., 2020).
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Table 1: White blood cell profile of two-doses and single-dose FMD vaccination group.

WBC type Normal Threshold Mean+SD/SE (10%/pL) p-values
(10°/pLy 0 DPFV 60 DPFV
Two- Dose Single -Dose
Lymphocytes 25-7,5 5,15+1,26 5,93+1,57 5,25+1,44 0,225
Monocytes 0,025 - 0,84 0,33+0,28 0,29+0,31 0,35+0,42 0,695
Neutrophils 0,6 — 6,7 3,38+1,12 4,89+2,56 4,04+1,19 0,251
Eosinophils 0-2,4 0,20+0,23 0,35+0,20 0,27+0,19 0,243
Basophils 0-0,2 0,04+0,04 0,05+0,05 0,07+0,05 0,516

WBC: white blood cell; DPEFV: days post first vaccination; SD/SE: standard deviation/ standard error; p-values are from
the ANOVA test of two-doses and single-dose group at day 60 DPFV; *: Referred from Quishpe ez a/. (2020).

FMD antibody titers were measured using competitive
ELISA, showing slightly higher titers in the two-dose
group, but again, there was no significant difference be-
tween groups (Table 2). Additionally, there was no health
problem encountered among involved cattle during the
study period, indicating positive biological responses to-
wards both vaccination regimens. These findings support
the possibility that a single-dose vaccination provides suf-
ficient immunity, in line with previous studies (Biogéne-
sis, 2022; Ayele ez al., 2023). The negative results for FMD
NSP antibodies confirmed that the antibodies detected
were from vaccination, not natural infection.

Table 2: FMD antibody titre of two-doses and single-dose
FMD vaccination group.

Group Mean antibody titre +SD/SE (CV)
0DPFV 14DPFV 30DPFV 60 DPFV
Two-dose 000 39,90+  84,70:26,16 94,50£0,00
41,41 (1,04) (0,31) (0,00)
Single dose 72,10+21,66 80,00+23,50
(0,30) (0,29)
p values 0,303 0,07

DPFV: days post first vaccination; SD/SE: standard
deviation/ standard error; CV: coefficient of variance;
p-values are from the ANOVA test of two-doses and
single-dose group at day 30 and 60 DPFV.

The study highlights the sustained increase in antibody ti-
ters in both groups, attributed to the slow release of anti-
gens due to the oil-based adjuvant used in the inactivated
FMD vaccine (Xiao ez al., 2007; Bazid e al., 2023). This
‘depot effect’ achieved through adjuvant-stimulated granu-
loma formation in antigen injection site which releases an-
tigens slowly, resulting in a delayed B cell response (Tizard,
2021). The delayed cell B response is associated with the
slow progress of germinal center (GC) reactions in second-
ary lymphoid organs due to the small amount of antigen
present in these organs early during the post-vaccination
period (Pedersen et al., 2020). Conversely, prolonged an-
tigen exposure extends the GC reaction period, leading to

increased antibody production (Cirelli et al., 2019). Thus,

the combination of these factors contributes to a delayed
peak in antibody production and higher titer values with
adjuvanted vaccines.

However, higher variability in antibody titers was observed
in the single-dose group, emphasizing the role of boosters
in reducing titer variation and promoting herd immunity, as
previous showed by other studies (Sharma ez a/.,2017; Gu-
nasekera ez a/.,2022). Herd immunity could be described as
the resistance shown by the proportionate amount of pop-
ulation, i.e., with the ability to produce sufficient amount
of antibody. Ideally, such immunity covered at least 80% of
the population to protect the said population from the des-
ignated disease (Balakrishnan and Rekha 2018). Maintain-
ing herd immunity is crucial for controlling FMD disease
outbreak, as such breaking of this immunity might provide
a window of opportunity for the silently circulating virus to
spread to the entire population (Singh ez a/.,2019).

'The break of herd immunity could happen when there is a
varying level of antibody titers (protective and non-protec-
tive) within a population. An earlier study by Smitsaart 7
al. (1998) showed a positive correlation between detected
FMD antibody titers with the protection against infection
challenge. The threshold of mean titer log,  value for suffi-
cient population immunity against FMD using virus neu-
tralization test (VN'T) and VNT-calibrated liquid phase
blocking ELISA (LBPE) is between 1.6 to 1.8 (Cloete e7
al.,2008; Sharma ez a/.,2017). While this study was limited
by the use of competitive ELISA of which resulting titers
cannot be directly extrapolated as above, the variation of
antibody titers found in the single-dose vaccination group
should be considered as a risk for the integrity of herd im-
munity that should be mitigated.

Effective biosecurity measures, such as sanitation, isolation,
and controlled traffic, can significantly reduce disease risks.
'This is crucial because the risk of disease introduction is
predominantly linked to indirect transmission through in-
adequately monitored routes (Sansamur ¢z a/., 2020). The
FMD virus can be spread through fomites carried by people,
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portance of stringent biosecurity (Auty ¢z a/., 2019; Aslam
and Alkheraije, 2023). Alternative strategies, such as ad-
ministering multiple doses in one session, may also be via-

ble to reduce handling stress and improve productivity (Ul-
ziibat e al., 2023; Endris and Feki, 2021; Vaz et al., 2023).

CONCLUSIONS AND
RECOMMENDATIONS

'The study found no significant difference in immune re-
sponse between the two-dose and single-dose groups fol-
lowing FMD vaccination. However, the single-dose group
showed greater variability in antibody titers. While a sin-
gle-dose FMD vaccination program can be viable in feed-
lots, it should be implemented alongside stringent biosecu-
rity measures to reduce the risk of FMD virus introduction.

We recommend that the relevant authorities review and
revise the regulation for FMD vaccination in the field,
namely by classifying livestock groups based on origin
(free/affected by FMD country) and duration of rearing
before harvest, as well as determining the prerequisites for
implementing FMD vaccination procedures in each group.
'This revision will allow for efficient allocation of the PMK
vaccine while maintaining the effectiveness of the imple-
mented vaccination program.
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