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Likely effectiveness of pharmaceutical and non-pharmaceutical

interventions for mitigating influenza virus transmission in Mongolia
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JMcVernon®

Objective To assess the likely benefit of the interventions under consideration for use in Mongolia during future influenza pandemics.
Methods A stochastic, compartmental patch model of susceptibility, exposure, infection and recovery was constructed to capture the key
effects of several interventions — travel restrictions, school closure, generalized social distancing, quarantining of close contacts, treatment
of cases with antivirals and prophylaxis of contacts — on the dynamics of influenza epidemics. The likely benefit and optimal timing and
duration of each of these interventions were assessed using Latin-hypercube sampling techniques, averaging across many possible
transmission and social mixing parameters.

Findings Timely interventions could substantially alter the time-course and reduce the severity of pandemic influenza in Mongolia. In a
moderate pandemic scenario, early social distancing measures decreased the mean attack rate from around 10% to 7—8%. Similarly, in a
severe pandemic scenario such measures cut the mean attack rate from approximately 23% to 21%. In both moderate and severe pandemic
scenarios, a suite of non-pharmaceutical interventions proved as effective as the targeted use of antivirals. Targeted antiviral campaigns
generally appeared more effective in severe pandemic scenarios than in moderate pandemic scenarios.

Conclusion A mathematical model of pandemic influenza transmission in Mongolia indicated that, to be successful, interventions to
prevent transmission must be triggered when the first cases are detected in border regions. If social distancing measures are introduced
at this stage and implemented over several weeks, they may have a notable mitigating impact. In low-income regions such as Mongolia,
social distancing may be more effective than the large-scale use of antivirals.

Abstracts in LS5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

The efficient use of resources to mitigate the spread of an
emerging infectious disease is of global interest. However,
the most appropriate control strategies in any given area
probably depend on the nature of the local population and
environment. Implementing interventions against emerging
infectious diseases is particularly important in developing
countries, such as Mongolia, where the capacity to provide
health care and undertake detailed surveillance is limited.
Since the identification of highly pathogenic avian influenza
in Mongolia in 2005,' the Mongolian government has been
particularly aware of the threat posed by influenza to public
health. Mongolia’s vulnerability to influenza was reinforced by
the impact on the country of A(HIN1)pdm09, which was no
less severe than in countries affected earlier (even though the
virus was not recorded in Mongolia until 4 to 5 months after
the first cases of human infection were detected in China and
the Russian Federation).'

Mongolia’s vast landscape of over 150 million hectares is
divided into 21 provinces called aimags. Although the mean
population density is only 1.5 people per square kilometre,
some regions of the country are now highly urbanized and
more than 30% of the country’s inhabitants reside in the
capital city, Ulaanbaatar. Recognition of the threat of highly
pathogenic avian influenza has been influential in overcoming
the challenges of developing nationwide surveillance capabili-
ties. Over 100 influenza sentinel surveillance sites have been

designated across the country. At the Category-I surveillance
sites, cases of influenza-like-illness (ILI) are reported daily and
samples for virological analysis are collected routinely from
each such case. At the other (Category-II and Category-I1II)
sentinel surveillance sites, ILI cases are reported weekly and
samples for virological analysis are only collected occasion-
ally. This approach to influenza surveillance allowed a large
amount of epidemiological and virological information to be
collected during the 2009-2010 influenza season.

In week 40 of 2009 (i.e. at a time of year when seasonal
influenza epidemics had previously occurred in Mongolia)®
sentinel surveillance sites first reported elevated levels of
ILI activity: between 20 and 50 cases per 10000. The sites
reporting such activity were all Category I and in the border
aimags of Dornod, Dornogovi and Khovd. A(HIN1)pdm09
was virologically confirmed among the cases from these sites.
By week 42 the incidence of reported ILI exceeded 50 cases
per 10000 in Ulaanbaatar and 20 cases per 10000 in all the
eastern aimags and, nationally, most subtyped viruses were
identified as A(HIN1)pdmO09. The establishment of A(HIN1)
pdm09 transmission in the dense population of Ulaanbaatar
probably led to the rapid spread of cases in the capital and the
rapid dissemination of the virus to the rest of Mongolia. The
epidemic reached a distinct peak in weeks 44-45, when the
reports of ILI were dominated by the cases in Ulaanbaatar, al-
though, by then, every aimag except Bayan-Olgii in the far west
was reporting more than 50 ILI cases per 10 000 (Appendix A,
available at: http://mathmodelling.sph.unimelb.edu.au/publi-
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cations/Bolton-BullWorldHealthOrgan-
2011-AppendixA.pdf). The period of
prolonged, lower-level activity that
followed the epidemic peak probably
reflected the dissipation of the virus into
remote areas, perhaps facilitated by the
virus being brought into Mongolia again
via border crossings. The A(HIN1) 2009
pandemic activity had not long subsided
when influenza B cases were reported, in
week 6 of 2010. New cases of infection
with A(HIN1)pdmO09 subsequently be-
came rare as the population experienced
a severe epidemic of influenza B.’

Sentinel surveillance reports, based
on medically reported cases of ILI in
2009, reveal that the total ILI attack rate
(i.e. the percentage of the population
that became infected over the course
of the pandemic) was about 10%. The
results of the serological survey that
enabled the A(H1N1)pdm09-specific
attack rate to be determined have yet to
be reported (A Burma, personal com-
munication, 2011). ILI reporting rates
were highest among children aged less
than 5 years and young adults,’ reflect-
ing the global experience.” There were
also high rates of ILI among teenag-
ers, probably, at least in part, because
people aged 10-20 years comprise 30%
of the population."Hospitalization rates
in the hospital-based sentinel surveil-
lance sites increased three- to fourfold
during the pandemic, largely because
of an increase in the number of hos-
pitalized pneumonia cases.® There was
also a stark increase in the pneumonia
mortality rate among adults aged 20-59
years.® Disease severity during the
Mongolian influenza pandemic appears
to have exceeded that of similar epi-
demics in many developed countries,
possibly because chronic conditions
such as renal and cardiovascular dis-
ease, which have been identified as
potential risk factors for severe respira-
tory disease, are relatively common in
Mongolia.”

The interventions implemented
against influenza virus transmission
during the 2009 pandemic were trig-
gered by the detection of elevated ILI
activity in Ulaanbaatar in week 42.
The first intervention was the closure
of primary schools. High schools and
kindergartens were also soon closed
for a period of several weeks. In week
45, further social distancing measures
were imposed in Ulaanbaatar. Restric-
tions included limiting the opening
hours of shops, cafes and restaurants,

banning public gatherings and closing
markets. Provincial rail and road travel
was interrupted for a period of several
weeks. In addition to these mandatory
social distancing measures, all citizens
were advised to minimize activity out-
side of their homes and to wear facial
masks, and symptomatic individuals
were encouraged to stay in self-imposed
quarantine at home.? Institutions and
businesses were recommended to sup-
ply staff with vitamin supplements to
“build health”® Although no formal
evaluation of public compliance is
available, anecdotal evidence indicates
that the intervention measures were
generally well accepted. Initiatives such
as the broadcasting of school lessons
on national television probably facili-
tated compliance. While the resources
and infrastructure deemed necessary
for effective epidemic containment by
non-pharmaceutical means are prob-
ably found in very few settings,’ less
stringent measures may still usefully
reduce the burden on acute health-
care services. International borders
remained open during the 2009 pan-
demic in Mongolia. Although border
screening was in place in Ulaanbaatar,
the first case of A(H1IN1)pdm09 infec-
tion was detected through the national
surveillance network.”

The Mongolian government’s stock-
pile of around 80000 doses of the an-
tiviral drug oseltamivir was exhausted
during the 2009 pandemic. Although
oseltamivir was taken as prophylaxis
by some health-care workers, the drug
was predominantly used to treat severe
hospitalized cases.” The Mongolian
government purchased vaccine against
A(HIN1)pdmO09, which was supple-
mented by donations from the World
Health Organization (WHO). However,
vaccine roll-out only commenced in
January 2010 after the epidemic peaked.*

Here we use the epidemiological
data collected during the 2009 influenza
pandemic in Mongolia to calibrate a
computational model of influenza virus
dissemination in a Mongolian pan-
demic, with tailoring to the country’s
infrastructural and sociobehavioural
characteristics. We explore the likely
impact of various nationwide social
distancing and pharmaceutical inter-
ventions on mitigating the spread of a
pathogen, with particular emphasis on
anovel influenza strain with established
transmission in the human population.
Earlier country-specific evaluations of
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the likely impact of interventions on
influenza have focused on the contain-
ment of highly pathogenic avian influ-
enza outbreaks in south-eastern Asia”"’
and the United States of America."
There have been few recent, country-
specific evaluations of strategies for the
mitigation of influenza, particularly
in resource-poor settings. Our results
provide novel insights into the probable
benefits of anti-influenza interventions
in Mongolia, some of which are poten-
tially relevant in pandemic planning in
other low-income regions.

Methods

Modelling transmission during
interventions

Influenza transmission was explored
using a stochastic, computational model
of susceptibility, exposure, infection and
recovery.'»"? Large-scale spatial trans-
mission was captured by geographically
dividing the population into 14 patches
chosen to isolate border crossings, senti-
nel surveillance sites, urbanized regions
and other regions of national interest.
The 14 patches, which were allowed
to interact via a travel matrix, '* were
individual aimags (Bayan-Olgii, Bulgan,
Darkhan-Uul, Dornod, Khovd, Orkhon,
Ovérkhangai, Selenge, Uvs), combina-
tions of two (Dornogovi + Omnédgovi,
Govi-Altai + Zavkhan), three (Arkhan-
gai + Bayankhongor + Khovsgol) or
five aimags (Dundgovi + Govistimber
+ Khentii + Stikhbaatar + Tov), and the
municipality of Ulaanbaatar (Appendix
A). Inter-patch mixing was generally
only significant between neighbouring
patches and between each of the other
patches and Ulaanbaatar. The importa-
tion of A(HIN1)pdmO09-infected cases
into border patches was modelled using
the time-courses of the 2009 pandemic
in neighbouring countries and the
relative frequency of border crossings.
The basic reproduction rate (R)) used
as the baseline in the model was based
on epidemiological observations in
other countries,””™ but a wide range of
values, including more severe scenarios
with R varying around 2, was explored.
The data were modelled and graphically
displayed using Matlab (MathWorks
Inc., Natick, USA).

The model was configured to allow
evaluation of the likely effects of travel
restrictions, school closure, generalized
social distancing, quarantining of close
contacts of presenting cases and distri-
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bution of an antiviral drug to the ill and
their close contacts.

Assessment of intervention
strategies

Pandemic scenarios beginning at week
35 were simulated. The impact of travel
restrictions, school closure and general-
ized social distancing was assessed, with
each intervention beginning at various
time points ranging from week 35 to
week 49 and varying in duration from
2 to 12 weeks. The effects of the ongoing
quarantining of the contacts of present-
ing cases during the epidemic and of the
continuous distribution of an antiviral
drug to contacts until the national stock-
pile of the drug was exhausted were also
investigated, with the presumption that
each of these interventions would be
implemented from the first case. It was
conservatively assumed that the cases
themselves could not be quarantined
early enough to reduce their overall
infectiousness.

Latin-hypercube sampling (LHS)*
was used for a sensitivity analysis of
the various parameters describing the
effects of intervention timing and effi-
ciency on intervention impact. The LHS
technique allowed the average impact of
an intervention to be estimated despite
uncertainties in the characteristics of
the pathogens involved and the nature
and intensity of the population mixing.
Sampling was conducted over many dif-
ferent parameters related to travel and
importation rates, the virus-dependent
factors of transmission and the details
of each intervention (sampling ranges
in Appendix A). The LHS approach al-
lowed us to detect possible associations
between model parameters (including
those characterizing an intervention
measure) and various statistics captur-
ing the severity of the pandemic, as well
as to estimate the uncertainty around
these associations. By using LHS we
hoped to identify the intervention
strategies that would be optimal across
arange of potential pandemic scenarios
in Mongolia.

Results

Epidemic curves for the baseline model
are shown for Mongolia as a whole
(Fig. 1), along with the correspond-
ing observed data for the 2009-2010
pandemic. Our model was also able
to capture the diversity in observed
epidemic curves between patches (Ap-
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Fig. 1. Statistics used to characterize epidemic timing and severity and to assess
intervention impact (upper panel), and observed and modelled incidences of
influenza-like iliness (ILI; lower panel), Mongolia, 2009-2010
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period in which A(HTN1)pdm09 was the dominant subtyped virus, with baseline parameters used in the

model.

pendix A). Patches encompassing ur-
banized regions (such as Ulaanbaatar)
tended to exhibit early, rapidly-peaking
outbreaks, whereas patches containing
rural regions (e.g. Selenge) exhibited
more prolonged epidemics. Patches
encompassing western aimags (such
as Uvs) tended to experience relatively
late-peaking epidemics. Several of the
patches containing border regions (such
as Bulgan and Omnégovi) displayed
double-peaked epidemics.

Three key measures of intervention
success were evaluated in the model: the
total (presenting) ILI attack rate, the
peak ILI reporting rate and the time of
peak ILI reporting (Fig. 1). The mean
attack rates seen in the model when a
single non-pharmaceutical or pharma-
ceutical intervention was included are
shown in Fig. 2. When no intervention
was included in the moderate-epidemic
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model, the mean attack rate was 9.7%
and the mean peak ILI rate, which was
seen at week 44.5, was about 240 cases
per 10000. In the severe epidemic sce-
nario, the mean attack rate was about
23%, and the mean peak ILI rate, of 800
cases per 10000, occurred, on average,
during week 42.

Non-pharmaceutical
interventions

In the model, the apparent efficacy of
social distancing interventions rapidly
fell once the frequency of reported ILI
cases exceeded approximately 20 cases
per 10000. At lower ILI reporting rates,
representing the early phases of the
modelled pandemic, school closures,
generalized social distancing or sus-
tained travel restrictions had a sub-
stantial mitigating effect. In the actual
epidemic of 2009, an ILI reporting rate

doi:10.2471/BLT.11.093419
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Fig. 2. Modelled mean attack rates (AR) for influenza-like illness (ILI) when any one of five interventions is introduced in a moderate

pandemic, Mongolia, 2009
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Note: The attack rates shown are mean national values (over 500 simulated outbreaks) when the intervention was implemented for 4 weeks. For example, the
upper left panel illustrates that the impact of 4 weeks of travel restrictions is greatest, reducing the attack rate to approximately 9.1%, when the propensity to travel
is zero and the restrictions are implemented from week 42.

of 20 cases per 10000 was recorded
during week 40 in the border aimags of
Khovd, Dornod and Dornogovi. In the
model, school closures or generalized
social distancing implemented before
the ILI reporting rate reached 20 cases
per 10000, resulted in better mitiga-
tion than the very early implementa-
tion of travel restrictions of limited
duration (which left large numbers of
susceptible and infected hosts when the
restrictions were relaxed). Although
more prolonged interventions ap-
peared relatively more effective in the
model, the long-term implementation
of any intervention in the field may be
hampered by falling compliance and/or
logistical challenges. Below we focus on
the impact of 4-week interventions in
the moderate-epidemic scenario, since
the interventions used against the 2009
pandemic in Mongolia appear to have
been successfully implemented for
about 4 weeks.

In the model, a 50% reduction in
mean travel frequency, if applied early
in the epidemic (i.e. from week 40, as
the ILI reporting rates reached 20 cases
per 10000), delayed the pandemic peak

by approximately 1.5 weeks if main-
tained for 4 weeks and by about 1 week
if maintained for 2 weeks. Travel re-
strictions increased the time-scale over
which the modelled pandemic occurred
by slowing the spatial spread. They also
resulted in a reduction in the peak ILI
rate, by about 12%, if enforced for 4
weeks. They only reduced the modelled
attack rates by less than 0.1%, however,
even when travel frequency was reduced
by 95% (Fig. 2).

Substantial reductions in the mean
attack rate could be seen, nonetheless,
when prolonged school closure or gen-
eralized social distancing was added
to the model. For school closure to be
effective, the attack rate in children had
to be over double that in adults. If, for
example, schools were closed for 4 weeks
from week 40, when the attack rate in
children was threefold higher than in
adults,”’ the model indicates that the
overall attack rate would decrease from
9.7% to approximately 8.6% (Fig. 2)
and, perhaps more importantly, that the
epidemic peak would be delayed by over
a week. School closure implemented
before week 40 could delay the time to
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the pandemic peak by as long as 2 weeks.
In general, school closure had only a
modest impact on the modelled mean
peak ILI rate.

On average, the inclusion in the
model of social distancing measures
that reduced transmission probability
by 50% from week 40 reduced the attack
rate from 9.7% to 8.6% (Fig. 2), delayed
the time to the peak ILI reporting rate
by almost 2 weeks and reduced the peak
case-load by about 8%.

The model indicated that the impact
of the continuous quarantining of a pro-
portion of the individuals identified as
contacts of those who present with an ILI
could be very substantial. In a scenario
in which 50% of known contacts were
traced and quarantined, for example, the
peak case-load decreased by 25%, the at-
tack rate was reduced by more than 1.5%
(Fig. 2) and the time of peak incidence
was delayed by around 1 week.

Targeted antiviral interventions

Using the model, we considered the
treatment, from the first detected
case, of a percentage of infected hosts
and the timely prophylaxis of a pro-
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Fig. 3. Distributions of three different statistics capturing epidemic severity in models

of influenza epidemics in Mongolia

o

; Fiis g

i
35 CT o S 2000+
Lo =
= R I -
)
= 30 ' Lo T g-
'
2 Lo a 1500
c 25-%+ + o |
= [+
S 20 §§§ -
£ : ! g 1000
= Vo ] I~
< P ! =
Rk E R R
= Do S
E o4HppH: o E & 50410
—_ HH ~ —_ G
- T o ! = !

54! ' T O = H
[ T - < T
1 1 1 1 (7] 0_~L~#
L (-

U B B N N T T
T eueo [N
CRCRCHCH N © o

D
s 3833 =35
SEEEco=< gE
EEEEESEZLESS EEE
=L EE
SR SSE=EE S=
ExEEcaocS g E
=L ENLE L=
Saos SsEUEsSs T
ENEE oA > =
== =2 =5
owvra. > o oV
= == = =
=} <<
o
<<

)
)
)
)
)
)
)
)

NP intervention (moderate) — +EIT - - - W+

TR 5 - ol
giill g, liiiieses
G .

T T

VLU LU DL D LYYV
L rrroooew
o v Vv LY o © © vV LV VU
ST T T3y
BRI S) O T T T v, v N AN
Ecoce 22828e8=a<=¢<¢
coc o
§_9<_9_9 \E,\E,\E,\E,49<_9.Q
e = H5s s
Sceccce S255cecs¢c
S o= v o S o v D
=== ELrEE o= =
c o~ = coc =S o =
vITATZE SHIT TN L
= ;=< caoOZc =X ec
SEUEE SAT T EREE
= oo > = e s o a >
== =< ERREeE=E= ==
= < s o= g
= o = =< o
o << [} <<

o o

=T T
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Note: The data on ILI are based on scenarios in which Mongolia is struck by a moderate or severe pandemic
of influenza and there are no interventions or non-pharmaceutical interventions — school closure, social
distancing and travel restrictions — and/or targeted antiviral drug distribution. The bottom and top of

each box indicate the 25th and 75th percentiles, with the height of the box therefore indicating the
interquartile range. The line dissecting the box is the median value. Dashed lines (whiskers) extend 1.5
times the interquartile range, with any data points beyond the whisker length marked as crosses.

portion of their contacts, assuming a
finite national stockpile of the antiviral
drug used (10000-500000 doses). In
a scenario in which half of the known
contacts were traced and given the an-
tiviral drug, such a targeted interven-
tion reduced the mean attack rate by
about 2%, delayed the peak case-load
by a mean of 2-3 weeks and reduced
the peak case-load by approximately
30% (Fig. 2 and Fig. 3). Although the
attack rate decreased by a mean of
about 1% when the modelled stock-
pile was increased from 50000 doses
to 500000, the corresponding range
in the expected attack rates was much
greater than this mean reduction,
which suggests that the specific nature
of the epidemic has a larger impact on
the outcome of antiviral usage than
the stockpile size (Appendix A). Anti-
viral drug use, as an isolated measure,
appeared relatively more effective in
the severe pandemic scenario, where
the presenting proportion is generally
higher than in the moderate pandemic
scenario. In both of these scenarios,
however, a suite of non-pharmaceutical
interventions had a slightly greater
average impact on the attack rate and
peak ILI incidence than antiviral drug
use as a single intervention (Fig. 3).
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Discussion

Our model was able to capture the gross
characteristics of the actual 2009 influ-
enza pandemic in Mongolia, including
the variations between aimags. Although
elevated ILI activity was first registered
in several border aimags (including Dor-
nogovi) at about the same time in 2009,
A(HIN1)pdmO09 was probably spread
into Dornogovi from northern China
and Ulaanbaatar (the site of Mongolia’s
sole international airport) via high rates
of simultaneous importation of the
virus. The particularly severe winter of
2009-2010 is suspected to have affected
the pandemic in Mongolia. Our neglect
of seasonal and other secondary effects,
such as age-dependency in immune
response and population mixing, and
perhaps our failure to consider all the
interventions used, limited our ability
to fit the modelled data to the detailed
shape of the actual epidemic curve seen
in the 2009 pandemic (Fig. 1).

In models involving a range of
possible nationwide mitigation strate-
gies in moderate- and severe-pandemic
scenarios, mean reductions in the at-
tack rate of up to 2%, reductions in the
peak ILI reporting rate of up to 25%,
and delays to epidemic peak of over
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a week were observed. The modelled
impact of each mitigation measure that
was considered varied significantly
with the nature, timing and efficacy of
the intervention. Although our results
indicate that Mongolia’s capacity to
curtail a nationwide epidemic similar to
the one in 2009 is limited, even modest
reductions in epidemic severity may
substantially ease the burden on health-
care systems in resource-poor settings
such as Mongolia.

The benefits of travel restrictions in
curtailing a nationwide epidemic may be
limited once the pathogen involved has
reached a congested city from which,
and to which, there is widespread travel.
In Mongolia, for example, travel restric-
tions would probably have little impact
if implemented only after an epidemic
had been established in Ulaanbaatar,
the country’s pre-eminent cultural and
economic centre. The distinct temporal
offsets seen between the epidemics in
different states or territories during
Australia’s A(HIN1) 2009 epidemic are
thought largely to reflect the role of sev-
eral large or capital cities in disseminat-
ing the virus to the surrounding sparsely
populated regions in this country.”

Although reduced community
mixing through school closures and
restricted social interaction on a
wider scale appears potentially useful,
it is difficult to establish the required
nature of effective, generalized, social
distancing measures. If we assume
that the attack rate in children is over
twice that in adults, as expected in a
pandemic scenario since children mix
intensely and lack protection, school
closure may delay the time to peak
case-load by several weeks, as well as
modestly reduce the attack rate. As
sociological studies indicate that up
to half of a person’s daily contacts can
typically be named by that person,” it
may also often be possible to trace and
quarantine sufficient case contacts to
substantially reduce epidemic severity.
The tracing of contacts of the very early
cases, which usually occur before the
threat of a pandemic has been realized,
is, however, often difficult. One limita-
tion of this study is that no allowance
was made for virus transmission at the
household level, which may be boosted
when social distancing measures and
quarantining are implemented. The
apparent benefits of such measures
may therefore have been somewhat
overestimated.
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The widespread prophylactic use
of antiviral drugs has more mitigation
potential than case treatment alone.'>*
Diagnostic and delivery capabilities are,
however, crucial in determining the
effectiveness of an antiviral campaign.
The effectiveness of prophylaxis early in
an epidemic is limited by the capacity to
distinguish seasonal and epidemic/pan-
demic ILI cases, which typically requires
expensive high-specificity diagnostic
testing based on polymerase chain
reactions. Even without considering
this limitation, the present modelling
indicates that the timely implementation
of a combination of non-pharmaceutical
interventions would be at least as effec-
tive as the distribution of an antiviral
drug. Given that even developed coun-
tries struggled to use antiviral drugs to
achieve a significant mitigating impact
on pandemic influenza in 2009,” the use
of non-pharmaceutical interventions -
instead of, or in combination with, anti-
viral distribution - is to be encouraged,
especially in resource-poor settings.

Timeliness is key to the success of
any within-country intervention strate-
gy. Effective intervention measures need
to be triggered by early case detection
provided by nationwide surveillance
systems with regular case reporting.
Monitoring cases in areas containing

border crossings, such as Dornogovi,
or international travel hubs, such as
Ulaanbaatar, is crucial. Containment
in regions contributing significantly to
border crossings, together with the rou-
tine international sharing of surveillance
data as recommended by WHO,' should
also enhance within-country mitigation
capabilities.

The model used in this study was
tailored to the ecology of Mongolia
during the 2009 pandemic. Climatic,
demographic and infrastructural con-
ditions will influence population dis-
tribution, mixing characteristics and
inter-provincial travel. For example, the
higher propensity to travel in summer
owing to the traditional nomadic life-
style of many Mongolians may result in
more rapid spatial spread for an out-of-
season influenza epidemic than for the
pandemic in the winter of 2009-2010.
Infrastructural evolution driven by the
mining boom - such as the new rail
and road networks linking Mongolia
with the Russian Federation and bor-
der areas of China — may also alter the
characteristic mixing between provinces
and population clustering. Pandemic
planning policy, even in a given coun-
try, needs to be regularly reassessed to
ensure that it is relevant to the current
sociobehavioural conditions. Il
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Résumé

Efficacité probable des interventions pharmaceutiques et non pharmaceutiques pour la réduction de la transmission du virus

de la grippe en Mongolie

Objectif Evaluer le bénéfice probable des interventions a Iétude pour
une utilisation en Mongolie lors des pandémies de grippes a venir.
Méthodes Un modéle patch stochastique et compartimenté de Ia
susceptibilité, de I'exposition, de l'infection et du rétablissement a été
établi afin d'appréhender les effets clés de plusieurs interventions —
restrictions de déplacement, fermeture décole, éloignement social
généralisé, mise en quarantaine des proches contacts, traitement
des contacts par antiviraux et prophylaxies — sur les dynamiques des
épidémies de grippe. Le bénéfice probable ainsi que le moment et la
durée optimaux de chacune de ces interventions ont été évalués au
moyen de techniques déchantillonnage latin hypercube, en calculant
la moyenne de nombreux parametres de transmission possible et de
mixité sociale.

Résultats Les interventions effectuées a temps ont permis de réduire
significativement la progression et la gravité de la grippe pandémique
en Mongolie. En cas de scénario pandémique modéré, des mesures
précoces déloignement social ont diminué le taux d'attaque moyen

denviron 10% a 7-8%. De méme, en cas de scénario pandémique
grave, de telles mesures diminuent le taux d'attaque moyen denviron
23% a 21%. En cas de scénario pandémique tant grave que modéré,
une série dinterventions non pharmaceutiques se sont révélées aussi
efficaces qu'une utilisation ciblée d'antiviraux. Les campagnes ciblées
sur les antiviraux se révelent généralement plus efficaces en cas de
scénario pandémique grave quen cas de scénario pandémique modéré.
Conclusion Un modele mathématique de la transmission de la
grippe pandémique en Mongolie indique que, pour étre efficaces, les
interventions visant a prévenirla transmission doivent étre déclenchées
dés la détection des premiers cas dans les régions frontaliéres. Si
des mesures déloignement social sont introduites a ce stade-la et
appliquées durant plusieurs semaines, leur impact réductionnel pourra
étre significatif. Dans des régions a faible revenu telles que la Mongolie,
I'éloignement social peut étre plus efficace qu'une consommation
dantiviraux a grande échelle.

Pesiome

Mpepnonaraemasn 3¢pPpeKTMBHOCTb PpapmaLeBTUYECKMX U HedapMaLleBTUUECKUX Mep N0 YMEHbLUEHUIO

pacnpoctpaHeHus Bupyca rpunna B MoHronuu

Uenb OueHnts npeanonaraemyto 3GGeKTMBHOCTb U NOMb3y
paccMaTpriBaembix B8 MOHMonm1 Mep, HanpasneHHbIX Ha 60pboy ¢
OyAyLMMM NAHAEMUAMM FOMMNA.

MeTtogb! [1117 nosyyeHms OCHOBHbIX De3yI15TaToB, AEMOHCTRMPYIOLLIMIX
BNVAHME Ha AMHAMUKY PAacnpOCTpaHeHua naHaemMuu rpunna
onpefeneHHbIX Mep, Takmnx Kak orpaHuyeHvie noesaok, 3akpbitue
Wwkon, obllee coumanbHoe AUCTaHUMPOBaHWeE, BBedeHME
KapaHTVHa [/15 TECHO KOHTAKTVPYIOLWMX NIOAEN, nedeHvie 60mbHbIX
NPOTMBOBMPYCHBIMI MPenapaTtam v NPOGUIAKTMKa KOHTAKTOB, Obina
co3faHa cToxacTuyeckas 6110KoBas MOAeNb BOCMPUUMUMBOCTY,
KOHTAKTOB C UCTOYHUKOM 3apakeHus, MHGUUMPOBAHUA 1
BOCCTaHOBNEHWA. [peanonaraemble BbIrofbl, a Tak»Ke ONTUMasbHble
CPOKM Vi NPOAOIKUTENBHOCTD KaXAOW 13 3TUX Mep Obl OLIEHEHSI
C MCNOMb30BaHMEM METOfA BBIOOPOUHOTO KOHTPOSS «NaTUHCKMIA
rMnepky6», KOTOPbIM NMO3BONAET BbIBECTU CPEHME 3HAUEHNS,
OCHOBBIBAACb Ha MHOTVX BO3MOXHbIX MyTAX Mepeaaun BuMpyca u
napamMeTpax B3anMOAENCTBII B 06LLIeCTBE.

PesynbTatbl CBOEBPEMEHHOE NPUHATME MEP MOXKET CYLLIECTBEHHO
COKPaTUTb MPOAOCIKUTENBHOCTb Y MHTEHCUBHOCTb MaHAeMUM
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rpvnna 8 Monronuu. B cueHapyn yMepeHHOW NaHaemMmn paHHve
MepPbl MO YyBENMYEHMIO COUMANbHbBIX PaCCTOAHUN CHU3UAN
CpefHIo NHTEHCUBHOCTb pacnpoctpaHeHna ¢ 10% o 7-8%.
MNopobHbIM 06pa3oM B CLIEHAPMW CUBHOM NaHAEMMM aHANOTMYHble
Mepbl CHU3NAW CPEeAHIOI0 MHTEHCUMBHOCTL PAacnpOCTPaHeHuA
nprbnmnmnTenbHo ¢ 23% A0 21%. B 060viX CLieHapyiAX — C yMePEHHO
1N CUNbHOW NaHAeMuen — KOMMNEKC HedapMaLEeBTUYECKUX MEP
MO3BOANI AOCTNYb TaKOW e 3OOEKTUBHOCTH, KaK M HanpaBieHHoe
MNCMOMb30BaHME NPOTUBOBUPYCHBIX CPefcTB. B cueHapuax ¢
CUTbHOW NaHAeMnen HanpaeneHHble MPOTUBOBUPYCHbBIE KaMMnaHWn
NpPOAEMOHCTPUPOBanu 6onee BbICOKYID 3OOEKTUBHOCTb MO
CPaBHEHWIO CO CLieHapVAMM C yMePEHHOW NaHaeMnen.

BbiBog MatemaTnyeckas modenb nepepauyv Bupyca rpunna
8 MOHronMu NpoLemMoHCTPMpPOBana, YTo Ana OOCTUXKEHMNA
YCMELWHbIX Pe3ynbTaToB NPYMEHEHVA Mep No NPeaoTBPALLEHIO
pacnpocTpaHeHns BMpyca, HeobXOAMMO 3a4eNCTBOBaTb 3T
Mepbl Npu o0BHapyXeHWK NepBbiX ClyyaeB 0OHapyXeHWA
BMPYCa B MOMPaHMYHbLIX pervoHax. Ecnv mepbl No coumnansHomy
AVICTaHUMPOBAHMIO OyyT MPUMEHEHBI Ha STOM STane Ha NPOTAXKEHNUM
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HECKOBbKIX Heflesb, OHMU MOTYT B 3HAUNUTENbHOM CTeNeHN yMeHbLUNTD
PacnpOCTpaHeHyie BUpYyca. B peroHax c H/3K/M ypOBHEM JOXOLOB,
TaKMX Kak MOHronvs, coumanbHoe AUCTaHUMPOBAHKE MOXET ObiTb

Research
Mitigating influenza transmission in Mongolia

6onee 3dPeKTVBHLIM, YeM NOMHOMACWITabHOe MCMNONb30BaHMe
NPOTUBOBMPYCHBIX NMPenapaTos.

Resumen

Eficacia posible de las intervenciones farmacéuticas y no farmacéuticas con objeto de mitigar la transmision del virus de la

gripe en Mongolia

Objetivo Evaluar la eficacia posible de las intervenciones que estan
siendo estudiadas para ser aplicadas en Mongolia durante pandemias
de gripe futuras.

Métodos Se construyé un modelo de parche estocdstico y
compartimental de susceptibilidad, exposicién, infeccién y recuperacion
para detectar los efectos clave de varias intervenciones (restricciones de
viaje, cierre de colegios, distanciamiento social generalizado, cuarentena
de contactos cercanos, tratamiento de casos con antivirales y profilaxis
delos contactos) sobre la dindmica de las epidemias de gripe. Se evalud
el beneficio posible, asi como la coordinacion 6ptima'y la duracion de
cada unadedichas intervenciones por medio de métodos de muestreo
por hipercubo latino realizando un calculo a través de numerosos
pardmetros posibles de transmision y mezcla social.

Resultados Las intervenciones oportunas pudieron reducir de
manera considerable la evolucion y gravedad de la gripe pandémica
en Mongolia. En una hipétesis de pandemia moderada, las medidas

tempranas de distanciamiento social disminuyeron la tasa de ataque
de aproximadamente el 10% al 7-8%. De igual modo, en una hipdtesis
de pandemia grave, dichas medidas reducen la tasa media de ataque
de aproximadamente el 23% al 21%. En ambas hipétesis de pandemia,
tanto moderada como grave, las intervenciones no farmacéuticas
demostraron ser tan efectivas como el uso focalizado de antivirales. Las
campafias antivirales focalizadas parecieron por lo general mas efectivas
para las hipotesis de pandemia graves que para las hipétesis moderadas.
Conclusion Un modelo matematico de transmision de gripe pandémica
en Mongolia indicé que, para que tengan éxito, las intervenciones
para prevenir la transmisién deben ponerse en marcha en cuanto se
detecten los primeros casos en regiones fronterizas. Las medidas de
distanciamiento social podrfan tener unimpacto de mitigacién notable
sise introducen en esta fase y se aplican durante varias semanas En las
regiones de ingresos bajos como Mongolia, el distanciamiento social
podria ser més eficaz que el uso de antivirales a gran escala.
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