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Summary

he 2022 outbreak of Foot-and-Mouth Disease (FMD) in Israel and the Palestinian Authority was
exceptional in its scale, duration, and epidemiological characteristics, and involved multiple
livestock sectors, including dairy herds. The aim of this study was to characterize transmission
dynamics between sectors, identify major sources of infection, and evaluate the effectiveness of
the vaccination regime used in Israel, as well as the impact of the disease on production
parameters. Phylogenetic analysis, based on whole-genome sequences and conducted using a
BEAST (BDMM-Prime) model, indicated a high probability that the outbreak originated in small
ruminants from the Palestinian Authority (posterior <75%). The effective reproduction number
(Re) was estimated to be above 1 in this sector, whereas in most sectors within Israel, Re
declined below 1 following the peak phase of the outbreak, indicating a relative decline in local
transmission. Notably, the Re value for dairy cattle was particularly low, suggesting that this
sector does not constitute a significant source of transmission and, in most cases, represents a
dead end. Analysis of transmission events (Markov jumps) showed that viral spread occurred
mostly from the Palestinian Authority into herds in Israel, with feedlots serving as a central
intermediate point (“amplification hub”’) where numerous secondary transmission events
occurred, followed by spread to dairy farms. In addition, infection of pig farms in I'billin made a
significant contribution to the transmission of the virus to dairy cattle farms.

The epidemiological analysis, based on production and mortality data from tens of thousands of
cows, demonstrated a statistically significant but moderate reduction in milk yield (0.33-1.11 kg
per cow per day), limited to first-lactation cows, with no effect observed in later lactations. No
significant effect of booster vaccination timing on milk production was detected. Overall
mortality rates remained low; however, a significant increase in unplanned culling was observed
during the outbreak year. These findings indicate that the direct economic impact of the disease
was relatively limited.

In conclusion, the findings suggest that the annual vaccination strategy implemented in Israel is
effective in reducing the clinical and economic impact of the disease, although it does not fully
prevent infection. The dynamics of the outbreak are driven primarily by external introduction
and inter-sectoral transmission pathways, with feedlots and pig farms playing a central role in the
spread of the virus within Israel.
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MNTIP DNV VIDYD IRNYNA ,MNIONNIN NMPNA AVN DY YNNI TOINN NN : 3 NYaV
4<1,3,2,1 Maonna

Lactation Random Effects Model Common Effects Model
One -0.36 (-1.46 — 0.74) -0.72 (-1.11- -0.33)
Two 0.18 (-1.07 — 1.44) 0.04 (-0.62 — 0.71)

Three -0.43 (-1.69 — 0.84) -0.54 (-1.41 - 0.33)
Four + -0.46 (-1.81 —0.9) -0.39 (-1.23 — 0.45)

: NNV NP MTIVIN DY NONNN NYIVN

Kaplan—Meier mmipy 5950, nyTIwn NN MYSNNG NYNIA 1TYNN0 DN IMNNN NN
791112 ©919) YIMI NYON NNINNN INYY D N9 Nt MNNNY .Cox NON DY T (3 DIWIN)
¥ NI, NINT DY .MNTIP DNIYI IRNYNL NNINNT THINIVOYN NMDY NNINI XD MNIONIN NIV
moo15n (unplanned culling) 97ynn MN2INN XY MINOYA RPN NMDY NN 2022 MY ToNN2
DTN NP NNXINN MTIVINN MMPY .MINK NN NPYIIN NIMNN ,NONN APY 7DD
D) DYPNAM NN WN DIDTIAM ,MNIINNN NMPN TONNA NPONH MITIYVNN MIINDNA NP
Jlog-rank »nana

9P2¥2 NON ,NNNNA DTN NMHYI IRVANN NPN NYNNT NYIYNY T DY DIWIANN IIN DINRNNIN

, T2 DRNNA TN MININON NYIWA NM5YD NNITNNNN ,TNINMON MDINIY NI NNNIA DY
IAPOYA NTPNRNNI ,NPON NYAND NPNRI VNN NN DY NONNN DY NP MDY NYOVNN
NVYNI NDNN M9
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LSNP MIPON

INAN NIPVOLIN MYINN IR 1P DY 1IYNY TI DY MWIANND IPNNN NINNIN , 0102

VIRY 295 9 9D NOITY NINIONND DIND YT DXPXADN 1N XD 1DDN DXI2YNN .1PNONN MNIdNNY
9957 ,9X9¢2 MNLIN DY NPATNA OINYP MINIONNN DY 19ITN KXY DTN DMNINN .2022 -2
NPATNY 121 25N MNAIY PPV ,0XINK DIPYND NV IN MNVINNI DIV DITNY NN NINDN
YPIN XNDA 12PN NYNINIVY NMISYN MDWNN DY YIANND MMM .POIYNRI DIIN OPYN DY 110N
TN INYPA MNPV DY NIV DITHIN TN DNIY TIN DN MYINN NS IPa DY MD
.MNVANN DIVHY NN NYIN

INNN NTPY NN 2022 MV DMH50M NN MXIINNY TI DY WIANN INIPHTAND NMINN
NMNOPNMYN NOXNN .IIINON MODIDIIND DD DY NN NYIWN KDY 20NN NPIdN NTPIIN)

DY PNAM DN WAYN KD GNTN TN PNHINY TIVA 1NN NYIN NNNNA DY NN DXIWII
VP25 IXRIN P ININN NNIN GATI PNOIN JNND MIPDY MDWN ¥ 7 WITY NN NINYIN
Ton TIOY PR N NON 77 X GNTH POIN 1NN DI 990N DY NN PPV NON DY

1NN DY HOWIN 1NON DIWIARD NI DININ DINMN .GNTN PNDIN NN NI DY 25YNNY IVINY
TIN5 Y0 DIVY DININD 92YN 95 NIN MNDIN MDD DY) DI NIND NPT 1NN TN NOINN
,N9NNN DY NOYPY IN TPPYP-NN NYOWN DY NN ITYNN NNIDNND KON MINONA IHHYN ,NNY
99190 PN NOIYNA PNIYNI NINXIAND ¥ TIWUN

NTIY YNID NIYIN ,IPNNT VINAD NPNIYIY 1IN MDD TWR 29N7 YD NWIND OXTIN NN
SNV 09501 N NMINIAND DI DY MIANT MOHYN MNIIND ,NNYT 29D TN 1T NN
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