Manipulation of contact network structure and the
Impact on FMD disease transmission
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Animal Disease Outbreaks

Introduction Results (d) Comparison of three scenarios.
- The movements of livestock between individual premises (a) Standstill compliance.

and markets can be characterised as a dynamic network 0.03

where the structure of the network itself can critically 5000 - - 100% o

impact the transmission dynamics of many infectious

0.01 1

diseases. As evidenced by the 2001 Foot-and-Mouth 4000
disease (FMD) epidemic in the UK, this can involve
transmission over large geographical distances and can
result in major economic loss [1,2]. Mandatory livestock
movement restrictions were introduced: a 13-day standstill
in Scotland for cattle and sheep after moving livestock onto
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a farm (with certain exemptions) and a 6-day standstill for o0 ool
cattle and sheep in England and Wales from 2003 (without

. i — o 0.02
any exemptions). ’ o .
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* An Important consideration when C_On_temp_latmg IeQISIatlve Figure 1. Frequency of combined sheep and cattle movements (2011-2013) during O-OO‘WWW\M : : :

changes such as movement restrictions is the knock-on the standstill period, aggregated by waiting time after standstill regulations take 0 100 Eoidemic aize 300
effect these could have on the emergent propertles of the effect. The right axis presents the percentage of proportion of exempt movements. Figure 4. Kernel density estimates for the output of the FMD simulation on recorded movements
System, l.e. the network structure itself. (top), the rewired ‘extreme’ scenario of 13 days standstill with no exemptions (middle), and the

rewired ‘England-Wales’ scenario of 6 day standstill with no exemptions (bottom), with vertical
lines representing deciles.

 We investigate how disease dynamics change when the

local contact structure of the recorded livestock movement (b) Network Analysis.

Markets: Rewired vs. Recorded
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. . Figure 2. Left: Degree distribution for the recorded movement network on origina 0 50 o 100 150
movemgnts be_t\_Neen holdings and markets to avoid scale. Right: The distribution of in-degrees of markets in the cattle / sheep network Epidemic size
nonsensical activity (e.g. movements to markets on days considering all nine scenarios, plotted on a log-scale. Names for each scenario were 5
when they are inactive) while conserving key characteristics chosen so that the number at the beginning of each name represent the length of .
: the standstill period applied to the respective scenario, followed by whether it had § 20
(e'g' m(_)vement date and market sales of the correct animal been rewired to the nearest market or not as indicated by binary categories (T = <
prOdUCthn type)- True / F = False), and finally whether standstill exemptions were allowed or not (T = £ .
True / F = False). %
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Figure 5. A. Kernel density estimates for the output of the FMD simulation on the rewired
e Combinations of standstill Iength (6 days / 13 days), standstill recorded.movements rewired.13.FF ‘extreme’ scenario of 13 days standstill with no exemptions (top), and the rewired ‘England-Wales’
. . scenario of 6 day standstill with no exemptions (bottom), with vertical lines representing deciles.
exemption (yes / no), and market-rewire (yes / no)). 0.03- B. Shift function. The difference of Group 1 (13 days, no exemptions) — group 2 (6 days, no
0.02- exemptions) is plotted along the y-axis for each decile (white disks), as a function of group 1
] _ . 0.01- deciles. For each decile difference, the vertical line indicates its 95% bootstrap confidence interval
* Movements violating a standstill are pushed forward to the 0.00- m__._ : (1000 samples). When a confidence interval does not include zero, the difference is considered
next legal date; Movements at next permissible date trigger a rewired.13.FT | rewired.13.TF significant.
new standstill 0.03- - . o
0.02- (e) Spatial effects. (b) Differences to FMD simulation
| on recorded movements
. e . 0.01-
 Exempt movements were identified and removed during e
. . : ) 0.00- : :
rewiring before applying structural changes to the livestock rewired.13.TT | rewired.6.FF (a) No. of Infected per 10km?
movement network. These movements were reinserted at 0.03-
. . . =
the final stage of rewiring. B 0.02-
8 0.01- l Infections H ::,e:;:nmsz
. 0.00- |& : per 10km? ;;§§1: ;o
* Disallowed market movements were pushed back to the next wired 6 ET wired 6T I i g
available market day of the same production type at the 005 ¢ e
same market, or the nearest geographical market on the next 0.02- : :
available market day of the same production type 0.01- I : N ; ’
0.00- : : | : :
rewired.6.TT H 0 :2
0.03- Y ié
0.02- Zaen ;e
oo L l .
Stochastic FMD Model 0co- (N
0 100 200 300 Eh i
Epidemic Size

Figure 3. Histograms of final epidemic size overlayed by their density curve for the

‘ Parameters FMD simulation outputs on recorded movements (top left) and generated rewired

e movements * Local transmission: 0.065 farmday! networks. Left panel: All scenarios on the left allow exemptions (indicated by Figure 6. (a) Number of infections per 10km? for the FMD simulation on the originally recorded

e Movements: <...> second T (=TRUE) in label). Length of standstill in days is indicated by ‘6’ or ‘13’. cattle and sheep movements. (b) Differences between the FMD simulations on recorded
local spread . . Right panel: All FMD simulation outputs on rewired scenarios that do not allow movements and the rewired ‘extreme’ scenario (13_FF, top right) and the rewired ‘England /
* Incubation period: 5 days standstill exemptions. The vertical line represents the median. Wales — scenario’ (6_FT, bottom right). Warmer colour denote an increase in counts, cooler
* Standstills: 13 days colours denote a decrease of counts.)
—— * Detection (by clinical
* signs): 3 days
* Control measures delay: 20
control e Movement ban delay: 20

* Contact tracing depth: 21 ConCI usions

* Overall, a simpler biosecurity system with shorter
standstills but no exemptions, which would likely be
easier to legislate for and monitor, would offer no
substantial additional risk for FMD. These results
suggest that explicitly manipulating the contact
network structure in a sensible way has the potential
to significantly impact disease control.

) Re'lmovle fa':ms within 0.5 fkm There is obvious benefit from rewiring, resulting in

. g;:z Edoi::c)t.)-lz networks with higher clustering coefficients and lower

. Delay (market): 4 density, both decreasing the number of susceptible
contacts compared to the recorded movement network.

atency In removing

* FMD outbreak simulations: As expected, rewiring
e Spatial model of FMD disease leads to a decrease in outbreak size and - if standstill

transmission and control through exemptions are prohlb!ted - hl’gher probability of
smaller outbreaks; No ‘market’ effect;
movements and local spread
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