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Executive summary

Immunization was first practiced in Thailand in 1977 through the National Expanded Program
on Immunization (EPI) with the aim of significantly reducing morbidity and mortality from common
vaccine-preventable diseases. When first introduced the EPI program coverage level was very low:
about 10-20 percent for many diseases. By 2000 vaccine coverage for nearly all vaccines in the EPI
program was more than 90 percent. Consequently, rates of vaccine preventable diseases (such as

diphtheria, measles, and rubella) in Thailand are very low.

Despite high vaccine coverage in Thailand, however, there has been a resurgence of some
vaccine-preventable diseases. For example, there was a resurgence of diphtheria in eight provinces in
2012, and measles outbreaks occur among children every 3-4 years. There are a few possible
explanations for the return of vaccine-preventable diseases in Thailand. The first possible reason is
population movement, in particular migration to Thailand. Next is low immunization coverage (below
the critical threshold) in particular locations among children aged less than five years old. The other
possible reason for the resurgence is waning immunity in adults. An evaluation of these possible
reasons for the resurgences would help us to identify effective measures to protect against a return of

vaccine preventable diseases in Thailand.

During the period (2012) of the diphtheria outbreak, Bueng-Kan which is located at the border
between Thailand and the Lao People's Democratic Republic, there was an outbreak of hepatitis A
with a case rate of 355 per 100,000. Investigation of this outbreak suggested that contaminated water
and ice were sources of infection. During the past decade Thailand has faced several major
outbreaks of hepatitis A, which resulted in thousands of infected people and hundreds of

hospitalizations. Currently, the hepatitis vaccine is not included in the EPI program.

There are more than 3.5 million persons without Thai nationality living in the country,
including many long-term residents and children of migrants born in Thailand. The approximately 3.1
million migrants working in Thailand comprise about 8 per cent of the labour force. Because of
Thailand’s relative economic and social stability, it is a primary destination for many regional worker
migrants. Those migrants are vulnerable to health risks due to limited or inadequate access to basic
health services and poor living conditions. However, there is little or no data on the immunization

coverage of this group as well as on their movement inside Thailand.



The resurgence of vaccine preventable diseases in some parts in Thailand raises the
following questions. What are the reasons for these resurgences? Will the epidemics of these
diseases expand to others part of Thailand? How can they be controlled? Is Thailand sufficiently
protected against a return of vaccine preventable diseases such as diphtheria, measles, rubella, and

hepatitis A?

In order to gain insights into the resurgence of vaccine preventable diseases in Thailand, this
project propose to: 1) explore the epidemiology and dynamics of the resurgence of vaccine
preventable disease epidemics in Thailand; 2) determine the seroprevalence of vaccine preventable
diseases among migrant populations in Thailand; 3) determine contact and movement patterns of
migrant populations in Thailand; 4) use mathematical models to demonstrate possible scenarios for
the spread of vaccine preventable diseases among migrants and Thai nationals taking into account
the effect of population movement patterns and to suggest optimal control strategies; 5) use
mathematical models to evaluate the spatial dimension of vaccine preventable disease spread among
migrants and the Thai population; and 6) determine the cost-effectiveness of implementing vaccination
campaigns for the migrant population in Thailand. The end result of the whole project will be an
evidence base which can be practically used by the public health sector for epidemic mitigation,

prevention and control.

Objective 1 is an epidemiological and dynamical study of the resurgence of vaccine-
preventable diseases. Using measles mumps rubella (vaccination against MMR vaccine in
immunization program) and hepatitis A (at present, hepatitis A vaccine does not include in the EPI

Program) as case studies.

Objective 2 is a study of serpravelance of preventable diseases among the migrant population
in Thailand. Seroprevalence studies are the most accurate way to monitor population immunity to
many infectious diseases. Data on the proportion of the population that is immune or has been
infected with a specific virus have many important epidemiologic applications. These include the
identification of susceptible groups in the population, the evaluation of health programs (e.g., vaccine

uptake), and the use of these data in mathematical modeling studies.

Objective 3 is a study of contact pattern and population movement among migrant
populations in Thailand. Epidemic outbreaks of infectious diseases are complex functions of both the

characteristics of the pathogen and the movement and interaction patterns of the people. Data on the



pattern of contacts and movement are scarce and spatially specific. Often these components have
been over-simplified in mathematical models by assuming closed populations for all groups and
arbitrary fixed contact patterns. For example, assuming that all groups have identical behavior and
fixed contact patterns. In order to achieve the objectives of this research project, it is necessary to
study the patterns of contact and movement of migrant workers working in Thailand. The contact
pattern and movement and interaction of migrant workers will bridge the knowledge gap and inform
analysis about the chance of resurgence of vaccine-preventable disease in Thailand due to migrant

workers. These data are one important input for mathematical models.

Objectives 4 and 5 apply mathematical models (for diphtheria and measles) to illustrate the
possible scenarios of vaccine-preventable epidemics among migrants and Thais, taking into account
the effects of population movement. The mathematical models are also used to evaluate vaccination

strategies, especially, booster vaccine for the high risk groups.

Objectives 6 is to determine the effectiveness of implementing vaccination campaigns for the
migrant population in Thailand. The findings of objectives 1-5 together with incidence and vaccine
coverage of the vaccine-preventable diseases (diphtheria, measles, mumps, rubella, and hepatitis A)
will be presented to experts and research teams to discuss the effectiveness of implementing

vaccination campaigns for both the Thai population and the migrant population in Thailand.

The incidence of Diphtheria, measles, rubella and hepatitis A among Thai people and migrant
workers (Cambodia, Burma and Laos) during the year 2004-2015 varies in magnitude and distribution
at the provincial level. Analysing the cumulative incidence of measles, mumps, and rubella at
provincial levels, using negative binomial regression models found an association between the birth
rate and incidence of measles (p-value <0.05) but no association between migrant workers and the
incidence of measles. At the time of the study, the highest effective reproduction number for measles,
max R;, was 17.55 in Bangkok in 2008. For rubella, there was no association between either birth rate
or migrant workers and incidence of rubella. For diphtheria, most cases are those who were born
before the EPI program or who were not fully immunized (living in hard to reach areas). For hepatitis
A, there were outbreaks among Thai people in some years and some provinces there were endemic
areas. The analysis suggested that environmental factors, particularly, untreated water and poor

sanitation were associated with the incidence of hepatitis A.



The prevalence of immune levels from the sample migrant worker population (Cambodia,
Burma and Laos) in Thailand for diphtheria, measles, rubella and hepatitis A were high (86, 92, 75,
90 percent respectively). While those in the migrant population tended to want to receive vaccinations,
there was a lack of understanding about vaccine preventable diseases and limited access to the
health services. Communication using their own languages for those migrant workers should improve

the knowledge about the diseases and provide information for accessing health services.

The study of contact patterns and population movement among migrant populations found
that 75 percent of contacts sampled were aged 15-39 years for all three nationalities. The contact
patterns of migrant workers were similar. The contacts depended largely on the type of work which
reflects the work place. As most people do not travel far during the working day, most trips were
travelling between the home and work place. Most of the migrant workers travelled back to visit their

home countries once a year, during the new year festival (Thai new year or international new year).

The results of mathematical models of diphtheria and measles, focusing on population
movement, suggested that population movement has an impact on the spread of the disease.
Movement between provinces would result in decreasing the prevalence of diphtheria or measles in
outbreak provinces and increasing the prevalence of diphtheria or measles in nearby outbreak
provinces. From the analysis of mathematical models of diphtheria, it was found that the key factor
that affects the spread of diphtheria was vaccine coverage, including the rate of immunization
coverage in children and booster immunization among target groups. The vaccine of diphtheria of all
doses must follow the vaccine schedule and individuals should be vaccinated every 10-12 years (as
booster immunization). The measles model results suggested that measles vaccination coverage of
the first dose has to be high enough to gain a herd immunity level. The interval between the two

vaccine doses should not be more than 2-4 years.
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Uszrnsthamdaasidszanmlugag 12 I wisdasswandszrnsnasiiadsvesenlng lugasian

a %3
LR EINH
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5.1 gagiuiauazaasitwinnTialsava AN UALHALEDINY (MMR diseases) Aad1IUNNT

Lﬁmiiﬂnﬂiim:m’mﬂﬂmLLa:ﬂs:mﬂi‘ﬁmma 1uil w.¢. 2547-2558

L aNIIIRAFIWAILAA TR MMR @ianﬂIEQIHQuVLYIH wa Iz NITNTG TenI91 2547-

2558 luan 1993 wuinmsialsn MMR luawlnelsids 1% maaﬂwsLﬁ@ISﬂnﬂiiﬂizﬁdwafl 2547-2558 Waz

fagwmAalsa MMR @iannkﬂuﬂn%nﬁm%ﬁ gaﬂ’hé'@muluﬂuvlmnﬂﬂ anviull 2551 way 2552

WUNINA LIAFARIUAINENIVAIA INE) fengiga 141 2008-2009 L¥iNNU 0.89% Waz 0.98%

A13519% 3 ﬁi’ﬂmug}”ﬂamnnkmm:mﬂﬂmﬁ’@ ANNY LATHALEBINY (MMR diseases) WAz FAFIHITUIN

Hihe izm’mﬂ@;ﬂsﬂ MMR @iannkm:ijﬂﬂﬂmm:ﬂim’mﬁmma Tuil w.a.2547-2558

MMR | MMR/
All disease case MMR cases Measles cases Mumps cases Rubella cases
i /Al Al
W.¢. Thai | Migrants
Thai Migrants | Thai Migrants | Thai Migrants  Thai Migrants Thai Migrants
(%) (%)
2547| 1,966,700 n/a 14,910 112 3,835 65 10,702 43 373 4 0.76 n/a
548| 2,077,682 21,016 | 12,268 172 3,205 88 8,688 79 375 5 0.59 0.82
2549| 2,337,470 25,755 | 11,466 165 3,225 91 7,757 66 484 8 0.49 0.64
2550 2,313,111 24,536 | 12,773 162 3,224 90 9,211 72 338 0 0.55 0.66
2551| 2,366,434 25,997 | 20,958 188 6,616 76 13,734 104 608 8 0.89 0.72
2552 2,652,582 30,365 | 25,960 223 5,234 87 20,142 128 584 8 0.98 0.73
2553 2,786,877 32,689 | 18,290 178 2,230 54 15,681 119 379 5 0.66 0.54
2554 2,579,144 30,807 | 13,093 205 2,759 49 9,826 149 508 7 0.51 0.67
2555 2,516,378 32,093 | 12,250 299 4,445 180 7,331 99 474 20 0.49 0.93
2556 2,693,594 35,559 8,676 224 2,344 145 5,817 59 515 20 0.32 0.63
2557| 2,699,079 26,744 4,799 71 1,028 17 3,628 49 143 5 0.18 0.27
2558 2,476,459 32,935 | 4,195 64 893 18 3,051 44 233 2 0.17 0.19
5.2 sasatanisoiadsdeilugat2 I (Annualized crude notification rates) 2841308 MMR luau

q

Tnouaztszmnsdnum@d s2nined w.a.2547-2558
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INA13197 4 ugadnIwINlugig 12 O wudn a“'mﬁqﬂ'amizﬁmﬁmiaﬂmamu"lmlgandﬂu

U3em1nITI0T@ Useuime 5.2 wiﬂuimmmm 2.44 winlulsanatoasin way 1.85 winlulsava e

wsansiialsa MMR el luaulnauazdsesmnstruma @nugﬂﬁ 2 WU ﬂ'liiZ‘]J'W]‘lJE]x‘lI?ﬂﬂ’NYlﬂlJ

= z 1 1 Qs L% = L= 1 v =
Tuanlnoinadwlugil w.e.2552 faudanguaniIala ﬂﬂIﬁﬂ%@Lmaiuuluﬂu"Lﬂmga NUTETNITINT G

anIwlngi91 W.@.2555-2557 ﬁﬁé’mnqﬁ'ﬁmifﬁ@iaLLauﬂizmﬂﬂﬂﬁLﬁmﬁ'u LLazé'm']aqu”ﬁmsniﬁﬂmiﬂ

%”oﬂuﬂs:"mn?ﬁﬂmmﬁganimu‘lwUluﬂ W.¢. 2555-2556

A135199 4 a"wmugjﬂmkﬂﬁ'@ AN LazWALEaTIuNS 12 T (W..2547-2558) nuinilszmniiadadad

LLa:é'mﬁaqu”amirﬁmﬁmiaflsl,mj'w 12 1 luﬂg;uﬂuvlﬂmm:ﬂs:mnﬂ”’mma

Average- Annualized crude notification rate
Reported cases, 2004-2015
population, (per 100,000 population)
2004-2015 Measles Mumps Rubella Measles Mumps  Rubella
Thai 63,675,298 39,038 115,568 5,014 5.1 15.12 0.66
Migrants 2,892,277 960 1,011 92 2.77 2.91 0.27
Thai &Migrants 66,567,575 39,998 116,579 5,106 5.01 14.59 0.64

2004 2005 2006

—d— Measles_T =——#=—— Mumps_T =@ Rubella_T ==--#--+ Measles_M **=-@=== Mumps_M **=-@=+- Rubella_M

2008 2009 2010 2011 2012 2013 2014 2015

31l 2 é’m’lqu”aﬂ’lizﬁswﬂmaﬂsw”@ GRRIEY WALLATNY T2RIIAW NG LazlIzTINITIN TG AILATIW.@.

2547-2558 (2004-2015)

5.3 Lﬁaﬁﬁnimﬁmmmmaaa‘hmu;&fﬂaﬂ@i”mkﬂﬁ'@ AN LRTAALLDTN IWIZAUIIRIG bT29

12 1 5299190 W.@. 2547-2558 @1NANTHN 5-7 WU 10 5'\1%5'@LLinﬁﬁﬂ:LLum‘hmuQﬂaﬂ%@diiﬂﬁ”@ a9
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s s v a w { o Rt A 1 a a { a
Nna LLGZﬁﬂLﬂﬂilluluﬂuvLﬂ LAz U TN TINNTIAAINNTINN 5 AU 1AUDTILARIN 'ﬂ\‘l‘ﬂ'l@]ﬁW‘]_lﬂ’ﬁLﬂ@Iiﬂ

e =

a & P v o v a a . \ o o A a
73 3 Iiﬂ&l’]ﬂ"nii((ﬂ Lﬂuﬁudlu 10 aUALLIN vL@LLﬂ WAIINTRUN LTUGI%N WRSHIYNT RIVBIIAIONINUNIILNG

[
[

o o o { IS =2 o o o { @ o
VNI?F]VW] LLﬂZﬁ@LUaiN%NWﬂﬁq@ Lﬂ%v&uﬂu 10 aU@ULLIN VL@]LLT] ﬂEGLV]WN‘H']%ﬂi LLa:Tmﬁ 1%°llm$ﬁ"i]\‘lﬂ'3@

Qv

A a & o A = 2] o o A = 4
‘V]W‘]Jﬂ’]il;ﬂ@ﬂ\ﬂiﬂﬂ@ LLﬂZﬂ’NZ}NNWﬂV]q@Lﬂ%V\%GI% 10 aBAULLIN A UITNE

q

A1319% 5 10 IR LLimJaﬂiﬂﬁ'@ﬁﬁﬂumuﬁ’]muﬁﬂaﬂgdq@ LLamﬁ‘hmuQﬂammﬂnmu‘lﬂr_lu,az

Uszrinatumd (Total) wazdadusneadmugthoidulserinsinuma sewinedl w.a.2547-2558

Annual measles case

Provinces  score Total
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Bangkok 7513 76 177 308 153 703 553 98 236 250 154 73 100 2881
(25)

Chon Buri 4178 58 37 127 124 340 501 138 105 305 430 44 54 2,263
(140)

Nakhon 3535 235 133 97 65 273 206 121 124 380 84 36 65 1,819
Ratchasima (0)
Pattani 3240 75 174 59 197 276 209 86 200 447 41 29 12 1,805

@)
Narathiwat ~ 3.022 147 151 39 211 605 258 41 138 388 51 45 29 2103
1)
Yala 2343 159 51 31 323 188 97 41 166 265 10 15 1 1347
©)
Buri Ram 1876 66 18 50 102 85 205 84 95 134 168 71 53 1,131
©)
Chiang Mai  1.982 109 99 61 101 675 154 115 89 177 90 23 20 1,713
(67)
Surat Thani 1524 69 37 43 55 68 40 12 24 55 54 82 12 551
(10)
Songkhla 1413 174 48 34 114 148 51 75 44 111 53 38 21 911
(13)
Thailand 3,900 3,293 3,316 3,314 6,692 5,321 2,284 2,808 4,625 2,489 1,045 911 39,998
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A19191 6 10 ’i]w\‘]%’]w@]LL?ﬂ“lladIiﬂﬂﬂx‘]“{]ﬁ@JﬁﬁﬂZLLuu’i‘i’]u’J%E‘Tﬂ’Jﬂgg\‘li;((ﬂ LLﬁﬂdﬁW%?%gﬂ')&li’]&lﬂi')Nﬂ‘H,VL‘HEJLLﬂz

Uszmnythum@ (Total) uazsiaudreiwndihenidulsesinsduma sznined w.a.2547-2558

Annual mumps case

Provinces score Total
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Chiang Rai 6.218 369 259 221 392 859 978 831 461 485 335 199 246 5,635

Songkhla 3.976 148 372 199 660 691 419 270 148 232 532 171 80 3,922

Nakhon 3.5640 448 368 215 178 612 1481 959 484 205 129 116 110 5,30

Ratchasima (2)
Chiang Mai 2.661 193 185 171 142 700 729 627 389 327 180 138 131 3,912
(86)

SiSaKet 2630 439 335 860 585 460 254 220 142 158 81 78 106 3,718

BuriRam 2275 195 180 133 255 218 654 1439 566 225 143 115 92 4,215

Udon Thani 2.076 310 461 234 319 326 744 345 159 108 63 58 58 3,185

Nakhon Si 1.657 301 270 204 334 489 321 154 129 254 321 122 97 2,996

Thammarat (3)

Roi Et 1533 612 301 126 80 98 160 240 140 82 55 39 37 1,970

Khon Kaen 1.492 244 235 151 193 278 916 658 203 178 113 82 108 3,359

Thailand 10,745 8,767 7,823 9,283 13,838 20,270 15,800 9,975 7,430 5,876 3,677 3,095 116,579
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@13 WN 7 10 ﬁ]“'dm”mnnmaﬂiw”@masﬁ'uﬁﬁmuum‘hmu@ﬂwgqq@ Ltamﬁ‘i’]mugﬂamwﬂnmu"lmﬂ

waztazmnytu @ (Total) uazdaidumsdwndihondulszmnytuma sewined w.a.2547-2558

Annual rubella case

Provinces score Total
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Bangkok 10.833 51 57 108 61 120 106 32 78 89 73 30 45 850
9)
Samut 3.384 8 1 10 21 52 63 34 47 18 12 7 6 289
Prakan (2)
Chon Buri  2.762 8 11 8 22 44 28 24 41 22 13 2 13 236
(7)
Rayong 2662 16 12 8 14 25 38 13 11 21 21 17 6 202
(5)
Nakhon 2525 16 12 12 M 15 13 26 13 26 27 3 17 191
Ratchasima 0)
Phetchaburi 2.498 1 6 14 0 8 7 57 10 59 M 1 1 175
(21)
Chiang Mai 1.995 10 8 11 6 20 14 14 9 21 27 8 10 158
(1)
Nakhon 1.902 22 38 11 9 22 5 5 10 8 4 1 6 141
Pathom (1)
Songkhla 1.765 26 14 13 9 8 10 6 5 5 8 0 1 105
(0)
Pathum 1.738 5 4 6 5 7 6 5 6 8 19 15 19 105
Thani (4)
Thailand 377 380 492 338 616 592 384 515 494 535 148 235 5,106
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5.4 HaN133LATIZ Negative binomial regression

INNANITAATITHAAIA NV FUNUTITH 191998 A8ITaINUNITIAALIA YA GRSVETEE RALUDINY

Tu32aua997a WUt nstAaliaraluan lnawtazdsznITINT6 IHhIzAUIINI FANNUALITINLIAT
a tﬂl 1 1 1 = o o L™ aAa tﬂl Qs v ' Qs a Q{ ™ >

mafaadadadlugag 12 O adrslinedaunead@nzal p-vale <0.001 dramFulzdnTaNUTUNLT

Aa '

WiNAU 0.12918 naMfa aasnItAavadlszany nelundazainia Aantwadan1siialsanansluang

WRZUITIINITINTIA IHIIRIAT L §INNTAALIARALY DT LtaﬂmmmuuluﬂuvlﬂmLLLa:ﬂs:"mﬂﬁmmﬁ
Rt s s =} d’ £ Qs 5’: > aid > rf// £Z al 1 1 a

TuszaudanialidanuAsTaInunigalasaNAnE a9 UszanItnu@ linanIznudaniymsie

Tsa%ia ANNY LAz watgasiwlwlszine lnelus9l w.e.2547-2558

A19197 8 HANITALATIZARANUFUNWEIZRIINITLAa lIana ANV LRVALEATNY NULTARaNAnEn laun
803INNILAA LAz MFaFINITRINIWINY Tz NN Adadnwindeinsawing (lFaadovasdnuin

wssuTnNTIdvasuadazdnaanz D un U BN UIRITLIINIUAIAI T LA DY)

Disease Measles Mumps Rubella
\Variables: Estimate p-value Estimate p-value Estimate p-value
Birth rate 0.12723 2.94e-09 *** | 0.02543 0.2614 0.04087 0.184

Proportion of
-0.47512 0.477 -1.19711 0.0899 0.85729 0.371
Migrant pop./Thai pop.

Significant codes: 0.001 ***, 0.05 *
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w
S 0- L - _ . _HiE=SSNE=l EEEnEE
3 Rubella
[an]
o
=27
g1
[4v]
(&) 0 - - - L ! | ] | [ N e | e | | ] =S [ |
L J L JL JL JL. | | J
T | T T | |
North North-East Central East West South
group -Migrants Thai

31 3 ﬁﬁuaugﬂaﬂiawmaﬂiﬂﬁ'@ AWNN UL TIUIIHIINIG luanlnsuazdsznstam@ sa9an 12 T (W.1.2547-2558)
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per 1,000 pop.

o
L

(=]
i

No'rth Nort'h-East Central East West South

31 4 sanmafiaedodedluga 12 8 de 1,000 Uszanns iﬁﬂﬂ”ﬂﬂ?”ﬂIuﬂéjuﬂuvlﬂy o191 W.@.2547-2558

No'rth Nort'h-East Central East West South

31 5 ANRAFIBITHINTIWIBUTZTNITINTI A 051U T2 TN IAW N BT830 Tenin9t] W.¢.2547-2558
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6. anUs18HA

Wasannaaunsoiiialsavia AWV WRS ﬁ’@]LﬂaiMyuluﬂ@;NﬂuvLﬂElLL&Zﬂizﬁ'lﬂii’]%J’ﬁ’]aiZ%’j’Nﬂ

W.61.2547-2558 HUWIALAZAITNIZANUA LBUARZIINIATENIN 3 1IARLANG 1IN WULRAIRIAWIN AN B Db
K '

vaimafialians 3 lsaddanuuandriniluszaudsmianiiundn heterogeneity 3 lugnisdnsniafia
Tsavia ANINY AT HALLAINWIWIZAUIINIG LH8YIINIIILATITHINWINNIILAA LIARA ANINY UAZ

RaLaINw a283% Negative binomial regression 1Wu31 n1siialsaraluszaudsniaannisnaiunodiy

'
° g aad

sammafinveidszaniludinianug adnafitbdayniaian <0.001 Fudwldaunanisdnusifs

dl P e e a a = Ao ¢ o o Aa a
NWITTHWINIANLIN ﬁ]ﬂ%?@ﬂ@l@’]u JERT UWINDIR WAIINTRUN LLL"W?J??NU L 1 1% 10 "i]\‘]%'J@LLiﬂ‘Y]Nﬂ’ﬁLﬂ@Iiﬂ

(2
1 AaA e

RaUNNE @1%71:10 12 JAvinsdnen (W.71.2547-2558) lagdsnianaiilanwazlasezinsdszonsuuy

] (2
A o @

A young age structure [5] S9gaaafaarL ﬁiimﬁmaan’lil,ﬁmisw”@ﬁwuluﬂﬁjumq 0-4 JunNgen A%

q
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@

nnnalsavalundazdaniavaslsznalneg 39liRuatasnunisddszonitus@andea gjrl,uwduﬁ
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[
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iasanlsnasnaidulsanwunaluluwaning I@Umwwﬂuﬂqm@ﬂ FIFOAARDINUNANIANBIATIT

=h.

WU MIAALIAAINAT 29TANUNLITINLEATINTAAVDILARZIINIA 1hAD JINIANTIAIINIIAARS
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o

o va 1 . . A2 A v v a > £ > d'd
'ﬂﬁ’l'ﬂ‘ﬁ&lﬂﬁ:}&l susceptible children 41N TIN3JLL%’JI%QJWUﬂ’]iLﬂQIiﬂ%@]E;N@]’]&IVL‘]J@]’JEI I@]ULQW’]%N%’N]YI&J

lassa9dszannsuuy A young age structure

[
[

Ty e nmafialinamuuaziaiesiuluszauimia Lifgatasnutlasofivnnisdneng 2
238 azifuluﬂ'ﬁﬁnmﬂ%f:ﬁﬂé%agﬂdfl Urzmnsthandldiinansznudamatialiaia anamu uazia
wavinlugag 12 Tiinuan (W.71.2547-2558) aeinglsnana Tumsdszanaswandszmnstrumnannaaly
Fr9du Sesrunitelelgimnussutrumdnsenafsuiudinusmsussuasannoion Tull wa.
25522558 1ilafiansanswinussinuinumasodanluudazd aswu variation 28978Ya0INE17 NANAE
SUINUTIUT T RTe U IR a sz adeulutlidsnnu denuuandrsiuszuinadenann Snvis
snenizvasdeyadina liliniswanuasuuudnd@ (Normal distribution) RN Himdnsndsldaasims
JaeR Negative binomial regression I@l{lsl,“ﬁ/@i’myﬁﬂg’m (Median) PIINWIBUIHNIBTUTIR T LLA DUV DI
Laasdunudilade (Mean) 1895 1%I%U399I BTN NTIAI18LE anv0Iudasl nan133LAsIERNLIN
mmé’uw”uﬁixmwmnﬁﬂkﬂﬁ'@LLa:T,sﬂmm:u AUAIFAFIBITZAINIWIBUTZTINITIN T AR DT 1
Uszmnsaulnelufiamsaseiudruadafivedanneaian 0.05 uaz 0.001 musey daunsifialsaa
wazlsawesiu Suarnsannisnfaluudazdimiaatnadnuimanneaian 0.05 uaz 0.001 ANAAUAT

cmmd o

A15197 9 WANAINANANITIATIZI TR Iuaa LA nat1ITalandsdnin nsiAaliana AN LAY

natgasuwlnlsznalng Wunani1andasunisaiwlszsinsvasan ng ﬁavlﬁiaagﬂvﬁmﬁmﬁ'umi
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a 6 v U d' 1 £z Al A 1 a uq: (% ' a e‘d'
ATIERTIG AT Uz NITNT @ B dRanIznudansiialiang 3 13aainann 1aananIsaaInzi Le b
o o 6 a o o n‘ n‘ v v ad . . . . v a
AMIRIANNUFNABTNTIAAlIANUT8 NN 871967855 Negative binomial regression laglgaasinisiia
Fwandszrng ngy Lmza‘i’]muﬂ‘szmﬂﬁmmmugﬂmaa@hmﬁmiaﬂiwﬁaa 12 Y FANUFUAGEUKS

LANTIZANAINENIVBINGARZIINIATZI 19T bl e nenans

A13197 9 WANIIALATIZAANUFNNUBTIZTRI MR LIARA ANV LRLVALEATNY NUTAIuNAN®E laun
8a3N13LNae uaz daasInIzndswIndszaniturfdasiwvindszrinsawing (Idadsagiuues

PwInLI U AIudarINIanz Do N LA BN LIAITUTINBENIAI LA Y)

Disease Measles Mumps Rubella
\Variables: Estimate p-value Estimate p-value Estimate p-value
Birth rate 0.13114 | 2.81e-12 *** | 0.02409 0.218640 0.06674 0.0141 *

Proportion of
-0.95170 0.0235* -1.54395 |0.000393 ***| -0.32783 0.5905
Migrant pop./Thai pop.

Significant codes: 0.001 ***, 0.05 *
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ARNAN W.4.2010 %aﬁmimyjLﬂuﬂéjmﬁﬂmq@‘hn’h 71 Imlmwnﬂuﬁuﬁﬁﬁﬂizmmmﬁ'ﬂaglj'mﬂ [6]
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1. Background

Measles, mumps and rubella are viral and vaccine-preventable diseases and an important cause of
death, illness and disability annually worldwide. A susceptible group is unvaccinated against those diseases
particularly children and pregnant women. The infection of measles, mumps and rubella disease is possible
to get a risk of severe health complications such as brain causing inflammation and blindness; encephalitis
and permanent neurological damage; and preterm delivery, fetal death and baby born with congenital rubella
syndrome (CRS) [1-4]. National immunization program (NIP) in countries is a significant effective way to
reduce the incidence and induce strong herd immunity for lifelong protection [5 ]. The World Health
Organization (WHO) included measles and rubella vaccination in NIP since the last 1960s and early 1970
respectively [6]. These programs have effected to decrease the global incidence between 2000 and 2015
approximately 77.07% for measles, and 96.66% for rubella. Countries introduced MMR (measles, mumps,
and rubella) immunization programs in the mid-1998. Over a decade year, the morbidity of mumps has

declined 37.74% in 2015 from 619,389 cases in 2010 [7].

In Thailand, the immunization programme included the first dose of measles vaccination for children
aged nine months in 1984. The second dose of measles vaccine was introduced in 1996 for 1! grade
students aged seven years [8]. Then the second dose of this vaccine was replaced by the combine measles-
mumps-rubella vaccine (MMR) in 1997 for 1! grade students, which was expanded for children aged 4-6
years after 2005. The first dose of MMR vaccine in infants 9-12 months replaced measles vaccine since 2010
[9-11]. Moreover, to achieve the nation target of measles elimination, the Ministry of public health determined
second dose of MMR vaccine in children aged two years and six months since August 2014 [12]. Vaccine
coverage of measles for children aged 1-2 years enhanced continuously from 48.6% in 1987 to 91.7% in
1996 and 98.7% in 2013. There was the increasing coverage of MMR vaccine in 1% grade students from
91.2% in 2008 to 93.8% in 2013 [10, 13-15]. The combination of routine immunization and expansion of

vaccine coverage for measles, mumps, and rubella has effected for reducing annual incidence in Thai
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population. After ten years of immunization, the annual incidence rate reduced over 90% of measles rate in
1999 (from 835 cases per million population in 1984). The incidence rate of rubella in Thai population was
less 10 cases per million since 2003. After 2010, however, there were high outbreak peak of measles
(104.66-155.80 cases per million in 2001, 2002 and 2008) and mumps (217.26-317.41 cases per million in
2008-2010) [16]. According to top provinces of annual incidence rate reported in the National Diseases
Surveillance System of Thailand, incidence pattern of measles, mumps, and rubella in a provincial level have
differenced in terms of distribution size and frequency of outbreak occurrence known as spatial heterogeneity

in disease pattern.

Long period changes of population structure in terms of birth rate and immigration rate has impacted
on susceptible recruitment rate particular in the childhood disease [17-18]. In Thailand, there is not only
internal migration of Thai population, but also cross-border migration from its neighbor particular Myanmar,
Cambodia, and the Lao People's Democratic Republic (Lao PDR). The migrant populations live and spread
all 77 provinces of Thailand with variation (211 — 491,970). Therefore, the occurrence of infectious disease in

Thailand should be considered in context of both Thai and migrant populations.

However, a lot of works has been done towards understanding of seroprevalence of antibodies to
measles, mumps, measles, rubella in Thailand [19], immunization policy [20-21], measles vaccination [22],

EPI for minority groups in Thailand [23], immunization for children migrants [24-26].

Although the epidemiological changed of declined incidence of MMR has been consistent with
increased level of vaccine coverage in Thailand. The understanding of disease characteristics in province of
high incidence in pervious time is necessary to define the relevant approach of prevention of outbreak or high
endemic in provincial area. The main objectives of this study were to explore the disease occurrence of
measles, mumps, and rubella among both groups of population, and to investigate the association of
potential factors and the disease occurrence of measles, mumps, and rubella among both Thai and migrants

in provincial level of Thailand within 12 years (2004-2015).

2. Methods

2.1 Data and data source

The analysis of annual case data of measles, mumps, and rubella disease compared with the
reported cases of all disease among Thai and migrants between 2004 and 2015. Moreover, we attend to
explore the dynamic pattern of measles, mumps, and rubella disease among Thai and migrants in provincial
level of Thailand, which based on onset date from January 1, 2004 to December 31, 2014. The number of
diseases cases including measles, mumps, rubella, and all disease as well as mid-year population of Thai
have published in the annual epidemiological surveillance report (the 506 report) from 1980 to 2015
conducted by the national notifiable disease surveillance system of the Bureau of Epidemiology, the Ministry

of Public Health (MOPH), Thailand. Moreover, the amount of migrant population (3 nations including
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Myanmar, Lao, or Cambodia migrants) in all age living in each province of Thailand during 2004-2015
estimated by the adaptation of research method of Patama et al (2016) using the multiple sources of data as

mention in Supplement [27].

While in this study, the number of migrant population in the provincial level between 2004 and 2008
were used the same number of the year 2009 under the assumption that the amount of migrant population in
that province was unchanged during 2004 to 2009. We calculated annual incidence rate of measles, mumps,
and rubella per 100,000 population separated between Thai, and migrants. Moreover, to compare the
overview of occurrence of measles, mumps, and rubella between Thai and migrants living in each province,
we describe the total cases and average crude incidence rate per 100,000 populations in the entire period of
study (2004-2015). The denominator of average crude rate separated by province was an average number of
mid-year population among Thai or an average-estimated number of migrant population between 2004 and

2015.

2.2 Ranking the top 11 provinces of the highest cases of either measles, mumps or rubella among

Thai and migrants

To explore diseases occurrence (measles, mumps, rubella) in the provincial level in overall 12 years
(2004-2015), we started to consider the disease occurrence among both Thai and migrants in all 77
provinces between 2004 and 2015. There are 4 steps of selecting the top 10 provinces of high annual cases

among Thai and migrants group as follows:

1) Recording the annual number of disease cases among both Thai and migrants in each

province of Thailand from 2004 to 2015

2) For each year, sorting provinces by using their annual number of disease cases. And then

giving the rank number (from 1 to the last) for province having maximum to minimum cases

3) When giving the province rank in step 2 for every year of the study completely, calculating

the summation of the inverse of annual rank number for each province.

4) Finally, to select the top 10 provinces of either measles, mumps, or rubella, ordering all
province (1% — 77" order) by using the amount of calculated summation in step 3 from the

largest to smallest
2.3 Statistical analysis

We described the disease situation of measles, mumps, and rubella in Thailand between 2004 and
2015 among either Thai or migrants by annual incidence rate (per 100,000 population), and average

annualized crude notification rate used the average annual number of population from 2004 to 2015.

Due to a high overdispersion value of notification cases of either measles, mumps, or rubella in each
province, we used the negative binomial regression to investigate the association of disease occurrence of

measles, mumps, and among both Thai and migrants with two interested factors: (i)average annual birth rate
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of Thai population for each province that separated into 3 levelsbased on top 10 provinces of measles
disease such as high birth rate (11.36-22.07 livebirths per 1,000 population), medium birth rate (10.31-11.30
livebirths per 1,000 population), and low birth rate (<10.19 livebirths per 1,000 population); and (ii)average
number of estimated migrant population per an average number of mid-year population among among Thai
between 2004 and 2015. The negative binomial regression model in a provincial level finally used had

following structured [28-29]:

Total cases of Thai and migrants = B1 birth rate + [32 proportion of migrants population per Thai

population + offset(log(population number of Thai and migrants)) + error,

However, birth rate for each province was an average birth rate per 1,000 population living in a
particular province per one year, which calculated from the total number of Thai livebirth in 12 years (2004-
2015) divided by an average number of Thai mid-year population. The proportion of migrant population and
Thai population per one year in a particular province during 2004-2015 calculated from the average annual
number of the estimated population of migrant from 2004 to 2015 divided by the average number of Thai
mid-year population during the same period. Those associations in term of measles, mumps, or rubella were
tasted Pearson’s chi square with two-tailed at p-value <0.001 and 0.05 considered statistically significant,
analyses were performed using the MASS in R package version 7.3-45 [30]. We represented the risk of

disease occurrence and two interested factors as incidence rate ratio (IRR) with 95% confidence interval.

We comparedthe pattern of effective reproduction number (R,) of measles between top 10 provinces
and non-top 10 provinces by the method of Wallingaand Teunis based on date of onset of measles disease

from January 1, 2004 to December 31, 2014.[31].

3. Results
3.1 Distribution of MMR disease among Thai and migrants

The incidence cases of measles, mumps, and rubella among Thai for each year (2004-2015) were
less than 1% of all diseases, particular in 2014-2015 (lower than 0.20%) in Table 1. While the proportions of
measles, mumps, and rubella compared with all diseases were higher among migrants than proportion
among Thai population, except in 2008-2009. Comparing between Thai and migrants in all 12 years of study
period, the average annualized crude notification rate of mumps among Thai was almost 5.2 times of its
migrants. For measles and rubella, those average annualized crude rates among Thai were approximate

1.85, 2.44 times of its migrants respectively.

Considering the annual incidence rate from 2004 to 2015, we found that Thai population had the
highest peak of mumps occurrence at 31.74 cases per 100,000 populations in 2004 in Figure 1. However,
there were obviously two outbreak of measles among Thai in 2008 (Incidence rate 10.47 cases per 100,000
populations) and in 2012 (6.92 cases per 100,000 population). Comparing with Thai, measles rate among

migrant were higher than in 2012-2013 (as 7.58 and 62.4 cases per 100,000 populations). For rubella, annual
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incidence rates among Thai were less than 1 case per 100,000 populations among either Thai or migrants,

particular in closely in 2012-2014.
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Figure 1. Annual incidence rate per 100,000 populations of Thai and migrants, Thailand, 2004-2015

3.2 Top 10 provinces of diseases cases score

There were top 10 provinces having high cases of either measles, mumps, or rubella among both
Thai and migrants between 2004 and 2015 in Figure 2. Nakhon Ratchasima, Pattani, Narathiwat, Yala, Buri
Ram revealed the majority of measles patients among Thai at the first group of age 0-4 years and the
second group of age 5-9 years, particularly Yala (57.09%; 24.20%), Pattani (45.23%; 18.11%), and
Narathiwat (50.40%; 26.53% respectively). While Bangkok, Chonburi, Chiang mai, Surat Thani, and,
Songkhla had measles cases among both Thai and migrants between 2004 and 2015. The majority of
measles patients among Thai in these five provinces was at the first group of age 0-14 years and the second
group of age 15-24 years such as Chiang Mai (52.83%; 31.35%), Bangkok (47.06%; 28.43%), Chonburi
(32.74%; 41.76%), Surat Thani (60.98%; 16.52%), and Songkhla (71.90%; 18.99%). Moreover, the measles
cases among migrant living Bangkok and Chonburi mostly were at age over 14 years, conversely with Buri
Ram. There was the similar number of measles cases among migrants between aged 0-14 years and over

14 years.

For top 10 provinces of Mumps diseases, Nakon Ratchasima, Si Sa Ket, Buru Ram, Udon Thani,
Nakon Si Thamarat, Roi Et, and khon Kaen having all Thai cases (rare mumps cases in migrants) and young
age population structure revealed the majority of mumps among Thai at the first group age 5-9 years and the
second group of age 0-4 years. Moreover, there more 70% of mumps cases among Thai living in these
seven provinces with aged 0-14 years, except in Khon Kaen (57.16%), Udon Thani (68.41%). During 2004-
2015, both Thai and migrant population aged at 0-14 years were the majority of measles patients in Chiang
Rai (67.23%), and Chiang Mai (52.64%). In Songkhla, there was the majority of mumps cases (over 70%)

among Thai at the age group of 0-14 years, which is conversely in migrant (at over 14 years with over 80%).

In top 10 provinces of Mumps diseases, there were only Thai cases of rubella between 2004 and
2015 in Nakhon Ratchasima (191 cases) and Songkhla (105 cases), which heave themajority of rubella
xases at age group of over 14 years (67.54%, 67.62% respectively).There were 8 provinces having rubella

cases among both Thai and migrants in the entire period of study as aged over 14 years such as
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Phetchaburi (approximate 90%); Bangkok and Rayong (approximate 70%); Chonburi,

Nakhon Pathom (approximate 60%); and Samut Prakan and Pathum Thani (approximate 50%).
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Table 1 Annual disease cases of measles, mumps, and rubella (MMR) and proportion of MMR cases and all diseases cases among Thai and migrants, 2004-2015

Year Number of cases Proportion of MMR Annual - Population Annualized crude notification rate
per all diseases (%) (per 100,000 population)
All diseases Measles Mumps Rubella Measles Mumps Rubella
Thai (Migrants) Thai (Migrants) Thai (Migrants) Thai (Migrants) Thai (Migrants)

2004 1,966,700 (n/a) 3,835 (65) 10,702 (43) 373 (4) 0.76 (n/a) 62,526,710 (2,681,034) | 6.13 (2.42) 17.12 (1.60)  0.60 (0.15)
2005 | 2,077,682 (21,016) | 3,205 (88) 8,688 (79) 375 (5) 0.59 (0.82) 62,195,878 (2,681,034) | 5.15 (3.28) 13.97 (2.95) 0.60 (0.19)
2006 | 2,337,470 (25,755) | 3,225 (91) 7,757 (66) 484 (8) 0.49 (0.64) 62,623,416 (2,681,034) | 5.15 (3.39) 12.39 (2.46) 0.77 (0.30)
2007 | 2,313,111 (24,536) | 3,224 (90) 9,211 (72) 338 (0) 0.55 (0.66) 62,933,515 (2,681,034) | 5.12 (3.36) 14.64 (2.69) 0.54 (0.00)
2008 | 2,366,434 (25,997) | 6,616 (76) 13,734 (104) 608 (8) 0.89 (0.72) 63,214,022 (2,681,034) |10.47 (2.83) 21.73 (3.88) 0.96 (0.30)
2009 | 2,652,582 (30,365) | 5,234 (87) 20,142 (128) 584 (8) 0.98 (0.73) 63,457,403 (2,681,034) | 8.25 (3.25) 31.74 (4.77) 0.92 (0.30)
2010 | 2,786,877 (32,689) | 2,230 (54) 15,681 (119) 379 (5) 0.66 (0.54) 63,701,703 (3,011,818) | 3.50 (1.79) 24.62 (3.95) 0.59 (0.17)
2011 | 2,579,144 (30,807) | 2,759 (49) 9,826 (149) 508 (7) 0.51 (0.67) 64,181,001 (3,218,901) | 4.30 (1.52) 15.31 (4.63) 0.79 (0.22)
2012 | 2,516,378 (32,093) |4,445 (180) 7,331 (99) 474 (20) 0.49 (0.93) 64,266,405 (3,303,217) | 6.92 (5.45) 11.41 (3.00) 0.74 (0.61)
2013 | 2,693,594 (35,559) |2,344 (145) 5,817 (59) 515 (20) 0.32 (0.63) 64,621,302 (2,934,941) | 3.63 (4.94) 9.00 (2.01) 0.80 (0.68)
2014 | 2,699,079 (26,744) | 1,028 (17) 3,628 (49) 143 (5) 0.18 (0.27) 64,955,313 (3,367,580) | 1.58 (0.50) 5.59 (1.46) 0.22 (0.15)
2015 | 2,476,459 (32,935) | 893 (18) 3,051 (44) 233 (2) 0.17 (0.19) 65,426,907 (2,784,665) | 1.36 (0.65)  4.66 (1.58)  0.36 (0.07)
Total |29,465,510 (318,496) (39,038 (960) 115,568(1,011) 55,014 (92) 63,675,298 (2,892,277)* |5.11 (2.77)* 15.12 (2.91)* 0.66 (0.27)**

* Average annual population in all 12 years, ** Average annualized crude rate in all 12 years
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3.3 Association test by negative binomial regression

Since the negative binomial regression model usually require historical data over several years, we
established the model using total cases of measles, mumps, or rubella among both Thai and migrants from
2004 to 2015 for each province of Thailand to investigate the association of disease occurrence and the
potential factors (i.e. average annual birth rate and number of migrant-estimated population per Thai-midyear
population). Comparing with province having low birth rate (<10.19 livebirths per 1,000 population), Thai
population living in province having high birth rate (>10.31 livebirths per 1,000 population) has the risk of
measles infection 2.48 times significantly. We found that the occurrence of mumps and rubella disease in
both Thai and migrants living in each province of Thailand not related to both interested factors in term of

statistics.

Table 3 Results of negative binomial regression of measles, mumps, and rubella in the provincial level,

2004-2015. (Using average annual number of migrant workers registered to the foreign worker administration

office)
Diseases Birth rate at high level” Birth rate at medium level® Migrant pop./Thai pop.
IRR 95%Cl IRR 95%Cl IRR 95%ClI
Measles 248 1.775 — 3.467*** 1.24 0.858 — 1.824 0.80 0.234 - 3.385
Mumps 1.29 0.923 - 1.796 0.93 0.648 — 1.345 0.25 0.070 - 1.037
Rubella 1.43 0.913 — 2.241 1.62 0.993 - 2.700 3.10 0.408 — 43.849

Note: # compare with baseline group as low level of birth rate (<10.19 livebirths per 1,000 population)

Significant codes: 0.001 ***, 0.05 *
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4. Discussion

4.1 Heterogeneity

In the beginning, we present the different of annual incidence pattern of measles, mumps and
rubella among both Thai and migrants in the entire of study period (2004-2015). The highest incidence of
each disease in the whole period of study (12 years) distributed to difference provinces within the first 10
rank in Figure 2. These estimates of epidemiological parameters and disease characteristics revealed
heterogeneity of epidemic pattern of either measles, mumps, or rubella in term of provincial area, which

reflexes to local transmission characteristics of each disease [32-33].

4.2 MMR diseases and population structure

The analysis of disease cases of measles, mumps, and rubella among both Thai and migrants by
negative binomial regression revealed that the measles occurrence in the provincial level of Thailand can
describe with average birth rate of Thai population in an individual province significantly at p-value < 0.001.
This result corresponded to four provinces having a young age structure of population such as Pattani, Yala,
Narathiwat, and Buri Ram being top 10 province of highest incidence of measles during the 12 years studied
(2004-2015). The population structure of these four provinces has a young age structure [34], which is
according to the natural history of measles occurrence mostly found the disease case in aged 0-4 year.
Therefore, the distribution of measles cases in each province of Thailand unrelated to the living of migrant
population in a particular province. Naturally, measles disease is an endemic disease in Thai population
particularly in young generation. This fact was according to the result of this study that the measles
occurrence related to birth rate of Thai children in each province. Therefore, in a particular province the
higher rate of livebirth, the more number of susceptible children. And there also is trend to occur
consequence the outbreak of measles in the future, particular in the province having structure population of a

young age.

4.3. MMR diseases and vaccination

Immunization program for vaccine preventable diseases in Thailand started for measles in 1984 and
rubella in 1986. There was a combination vaccine to protect against measles, mumps, and rubella for
children at aged 7 years since 1997, and children at age 9-12 months since 2010. According to EPI
effectiveness, the annual incidence of measles, mumps and rubella among Thai population decreased
continuously since the increasing level of vaccine coverage more 90% in 2013. We have still found two times
of measles outbreaks in the country in 2008 and 2012. During 2008-2010, the incidence of mumps outbreak
was over 20 cases per 100,000 Thai populations. For example, the majority of an outbreak of mumps in Nan
provinces during June 1 — October 13, 2010 was children less than 7 years of age, especially in areas with a
large size of population [35]. Those effected people would never be vaccinated or incomplete dozes of
vaccination. IN another way, the seroprevalence level in those people decreased after vaccination of mumps

[36], and measles [37].
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4.4. Negative binomial regression and reproductive number

This study found that the disease occurrence of measles in provincial levelof Thailand relatedthe
birth rate of Thai population particularly in province having high birth rate. Provinces with that characteristic
have already occurred high incidence cases of measles between 2004 and 2015 as top 10 provinces such
asChonburi, Yala, Pattani, Bangkok, Narathiwat, Songkhla, Surat Thani, and Chiang Mai (11.36 — 22.07
livebirths per 1,000).These provinces have maximum reproductive numberat 5.67—17.55between 2004-2014in
Figure 4. However, provinceshad high number of average birth rate and maximum reproductive number
within 12 year ago such as Phuket and SamutSakhon (max R, = 6.65, 6.66 respectively).There are possible

to occur high endemic or outbreak of measles incidence in provinces with both characteristics.
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Figure 4. Effective reproductive number of measles by province, 2004-2014
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Measles cases for Chonburi
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Figure 4 (cont). Effective reproductive number of measles by province, 2004-2014

4.5 Limitation

Amongst the Limitations of this study, the notification cases of measles, mumps, and rubella
diseases among migrants were collected from the report 506 in part of foreigners who has nationality as
either Myanmar, Laos, or Cambodia, but not identified their status of immigration. Moreover, the number of
notification case of diseases among migrants was the episode number of visiting to treatment for diagnosed
disease (measles, mumps, or rubella) because there is no information to identify the personal of individual
migrants such as identification number. Although the natural of measles, mumps, and rubella disease is
generally single infection of disease. Furthermore, in surveillance disease data, the number of notification

cases among Thai and migrants in the report 506 could be considered as under-report number, which was
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lower than the real situation of disease incidence in local area. In this topic, we could adjust the notification
and surveillance data in order to represent the true picture of disease epidemiology in population of an
instance area by using an approach in study of Gribbons CL et al, (2014) [38]. Moreover, the number of
notification cases of measles, mumps and rubella among migrants were recorded in the National Diseases
Surveillance System of Thailand. Those number was possible to be the same patients who were diagnosed
more than one time or visited health care center for treatments of the same disease. Because their status of
migrants was undocumented immigrants into Thailand. This study also identified the migrant group by their

nationality.
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Supplementary

Estimation of migrant population between 2004 and 2015

The estimation of migrant population (3 nations: Myanmar, Laos, Cambodia) including migrant
workers and their dependents in 77 provinces of Thailand from 2004 and 2015. Migrant population who
entered and lived in Thailand with documented and undocumented status. According the research of Patama
et ai (2016) [27], we estimated the number of migrant population from 2 data source: (i) the monthly reports
of Foreign Worker Administration (FWAO) from January 2009 to December 2015; and (ii) the annual report of
One Stop Service (OSS) in 2014 and 2015.

Step 1. We calculated the average annual number of migrant workers between 2009 and 2015 by
using the monthly number of migrant workers reported from January 2009 to December 2015. Migrant
workers who registered with FWAO concluded regular migrants passed nationality verification, regular

migrants entering through the memorandum of understanding (MOU), and registered migrants.

Step 2. To estimate the annual number of migrant population from the average annual number of
migrant workers as identified in step 1 under assumption that the proportion of migrant populations equals to
proportion of migrant workers who worked and lived in Thailand which was surveyed in the National Census

and Housing 2010.

Step 3. We studied the number of migrant population who were not as migrant worker and
unregistered with FAWO between 2009 and 2015. The annual numbers of migrant worker and their
dependents were recorded into the summary report of OSS in 2014 and 2015. According to the assumption
that the 90% of all number of migrant worker as new cases of OSS registration cited from the study of
Pathama et al [27]. Then the registration of OSS in 2015 (26 June — 31 October) and 2016 including new
cases of migrant worker (1,380,308 and 909,352 cases respectively) and their dependents (92,560 and
38,935 cases respectively). Furthermore, the numbers of migrant population (migrant workers and their
dependents) in 2015 estimated in this step were used as the same number in 2009-2014 under assumption
that this group of migrant populations were as migrants lived in Thailand before 2015 and had never

appeared in the official registration system.

Step 4. The annual number of migrant population between 2009 and 2015 composed the estimated

number in Step 2 and Step 3 as follow in Table S1.

Step 5. To distribute the annual number of migrant population in a level of province using the
proportion of average annual number of migrant workers registered to FWAO in each year. However, the
annual number of migrant population in 2004-2008 used the same number of 2009 under assumption that the

numbers of migrant population between 2004 and 2009 were certain.
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Table S1 Number of migrant populations (3 nation: Myanmar, Laos, Cambodia) in Thailand, 2009-2013.

No. of migrant workers No. of estimated No. of migrant population Annual number of

registered with FWAO migrant population registered with OSS migrant population
Year Step 1 Step 2 Step 3 Step 4
2009 845,373 1,208,166 1,472,868 2,681034
2010 1,076,828 1,538,950 1,472,868 3,011,818
2011 1,221,727 1,746,033 1,472,868 3,218,901
2012 1,280,724 1,830,349 1,472,868 3,303,217
2013 1,023,036 1,462,073 1,472,868 2,934,941
2014 1,325,760 1,894,712 1,472,868 3,367,580
2015 1,284,943 1,836,378 948,287 2,784,665

Table S2 Top 10 province of high measles case score among Thai and migrants, annual cases and total of

Thai and migrants with number of migrant cases in parenthesis, 2004-2015

Annual measles case

Provinces score Total
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Bangkok 7.513 76 177 308 153 703 553 98 236 250 154 73 100 2,881
(25)
Chon Buri 4.178 58 37 127 124 340 501 138 105 305 430 44 54 2,263
(140)
Nakhon 3.535 235 133 97 65 273 206 121 124 380 84 36 65 1,819
Ratchasima (0)
Pattani 3.240 75 174 59 197 276 209 86 200 447 41 29 12 1,805
2
Narathiwat 3.022 147 151 39 211 605 258 41 138 388 51 45 29 2,103
M
Yala 2.343 159 51 31 323 188 97 41 166 265 10 15 1 1,347
(0)
Buri Ram 1.876 66 18 50 102 85 205 84 95 134 168 71 53 1,131
(0)
Chiang Mai 1.982 109 99 61 101 675 154 115 89 177 90 23 20 1,713
(67)
Surat Thani 1.524 69 37 43 55 68 40 12 24 55 54 82 12 551
(10)
Songkhla 1.413 174 48 34 114 148 51 75 44 111 53 38 21 911
(13)
Thailand 3,900 3,293 3,316 3,314 6,692 5321 2,284 2,808 4,625 2,489 1,045 911 39,998
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Table S3 Top 10 province of high mumps case score among Thai and migrants, annual cases and total of

Thai and migrants with number of migrant cases in parenthesis, 2004-2015

Annual mumps case

Provinces  score Total
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Chiang Rai 6218 369 259 221 392 859 978 831 461 485 335 199 246 5635
(119)
Songkhla 3.976 148 372 199 660 691 419 270 148 232 532 171 80 3,922
(21)
Nakhon  3.540 448 368 215 178 612 1481 959 484 205 129 116 110 5,30

Ratchasima (2)
Chiang Mai  2.661 193 185 171 142 700 729 627 389 327 180 138 131 3,912
(86)

Si SaKet 2.630 439 335 860 585 460 254 220 142 158 81 78 106 3,718

®)
BuriRam 2275 195 180 133 255 218 654 1439 566 225 143 115 92 4,215

Udon Thani 2.076 310 461 234 319 326 744 345 159 108 63 58 58 3,185
(0)

Nakhon Si  1.657 301 270 204 334 489 321 154 129 254 321 122 97 2,996
Thammarat (3)

Roi Et 1.533 612 301 126 80 98 160 240 140 82 55 39 37 1,970
(0)

Khon Kaen 1.492 244 235 151 193 278 916 658 203 178 113 82 108 3,359
(2)

Thailand 10,745 8,767 7,823 9,283 13,838 20,270 15,800 9,975 7,430 5,876 3,677 3,095 116,579

Table S4 Top 10 province of high rubella case score among Thai and migrants, annual cases and total of

Thai and migrants with number of migrant cases in parenthesis, 2004-2015

Annual rubella case

Provinces score Total
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Bangkok 10.833 51 57 108 61 120 106 32 78 89 73 30 45 850

Samut Prakan 3.384 8 11 10 21 52 63 34 47 18 12 7 6 289

Chon Buri 2.762 8 11 8 22 44 28 24 41 22 13 2 13 236

Rayong 2.662 16 12 8 14 25 38 13 1" 21 21 17 6 202
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Table S4 (cont.) Top 10 province of high rubella case score among Thai and migrants, annual cases and

total of Thai and migrants with number of migrant cases in parenthesis, 2004-2015

Annual rubella case

Provinces score Total
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Phetchaburi  2.498 1 6 14 0 8 7 57 10 5 1 1 1 175
21
Chiang Mai  1.995 10 8 1 6 20 14 14 9 21 27 8 10 158
Q)

Nakhon 1.902 22 38 11 9 22 5 5 10 8 4 1 6 141
Pathom (1)
Songkhla 1.765 26 14 13 9 8 10 6 5 5 8 0 1 105
(0)
Pathum Thani 1.738 5 4 6 5 7 6 5 6 8 19 15 19 105
“4)

Thailand 377 380 492 338 616 592 384 515 494 535 148 235 5,106

Table S5 Results of negative binomial regression of measles in the provincial level in difference of

time period
Diseases Birth rate at high level® Birth rate at medium level® Migrant pop./Thai pop.
IRR 95%CI IRR 95%CI IRR 95%CI

2013-2014 2.17 1.334 - 3.562*** 1.47 0.854 - 2.611 1.61 0.284 - 12.854
2012-2014 3.03 1.912 - 4.846*** 1.41 0.845 - 2.416 1.46 0.264 — 10.765
2011-2014 2.86 1.836 - 4.473*** 1.37 0.838 - 2.293 0.94 0.164 - 7.162
2010-2014 2.74 1.826 - 4.123*** 1.31 0.833 - 2.094 0.80 0.164 - 5.009
2009-2014 2.76 1.864 - 4.103*** 1.37 0.899 - 2.121 0.86 0.196 - 4.857
2008-2014 2.79 1.886 - 4.145*** 1.39 0.912 - 2.163 0.78 0.179 - 4.537
2007-2014 2.85 1.940 - 4.196*** 1.35 0.882 - 2.093 0.84 0.202 - 4.590
2006-2014 2.52 1.735 - 3.689*** 1.27 0.846 - 1.937 1.08 0.267 - 5.647
2005-2014 2.50 1.752 - 3.565*** 1.20 0.813 - 1.801 0.92 0.250 - 4.270
2004-2014 2.44 1.741 - 3.438*** 1.29 0.884 - 1.907 0.87 0.252 - 3.725

Note: # compare with baseline group as low level of birth rate (<10.19 livebirths per 1,000 population)

Significant codes: 0.001 ***, 0.05 *
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Table S6 Average birth rate of Thai population by province with statistics and histogram

Province province Region Order Average Frequency Percent Valid Cumulative
code birth rate percent percent

Lampang 52 North 3 6.76 1 1.3 1.3 1.3
Phrae 54 North 5 7.07 1 1.3 1.3 2.6
Samut Sonkhram 75 Central 21 7.45 1 1.3 1.3 3.9
Phayao 56 North 7 7.67 1 1.3 1.3 5.2
Lumphun 51 North 2 8.12 1 1.3 1.3 6.5
Maha Sarakham 44 Northeast 15 8.21 1 1.3 1.3 7.8
Roi Et 45 Northeast 16 8.23 1 1.3 1.3 9.1
Chai Nat 18 Central 9 8.34 1 1.3 1.3 10.4
Sukhothai 64 Central 15 8.37 1 1.3 1.3 1.7
Uttaradit 53 North 4 8.50 1 1.3 1.3 13
Nan 55 North 6 8.61 1 1.3 1.3 14.3
Phetchabun 67 North 10 8.65 1 1.3 1.3 15.6
Kamphaeng Phet 62 Central 14 8.68 1 1.3 1.3 16.9
Yasothon 35 Northeast 6 8.90 1 1.3 1.3 18.2
Phichit 66 Central 17 8.95 1 1.3 1.3 19.5
Kalasin 46 Northeast 17 9.14 1 1.3 1.3 20.8
Chiang Rai 57 North 8 9.33 1 1.3 1.3 221
Si Sa Ket 33 Northeast 4 9.43 1 1.3 1.3 234
Chaiyaphum 36 Northeast 7 9.44 1 1.3 1.3 24.7
Nakhon Sawan 60 Central 12 9.59 1 1.3 1.3 26
Amnat Charoen 37 Northeast 8 9.69 1 1.3 1.3 27.3
UthaiThani 61 Central 13 9.83 1 1.3 1.3 28.6
Ang Thong 15 Central 6 9.93 1 1.3 1.3 29.9
Lob Buri 16 Central 7 9.99 1 1.3 1.3 31.2
Nakhon Phanom 48 Northeast 19 10.00 1 1.3 1.3 325
Nong Bua Lumphu 39 Northeast 10 10.10 1 1.3 1.3 33.8
Surin 32 Northeast 3 10.11 1 1.3 1.3 35.1
NongKhai 43 Northeast 14 10.12 1 1.3 1.3 36.4
Nonthaburi 12 Central 3 10.19 2 26 26 39.0
Phitsanulok 65 Central 16

Sing Buri 17 Central 8 10.31 1 1.3 1.3 40.3
Buri Ram 31 Northeast 2 10.50 1 1.3 1.3 41.6
Chanthaburi 22 East 3 10.51 1 1.3 1.3 42.9
Nakhon Ratchasima 30 Northeast 1 10.61 1 1.3 1.3 44.2
SuphanBuri 72 Central 18 10.61 1 1.3 1.3 45.5
Phetchaburi 76 West 4 10.75 1 1.3 1.3 46.8
UdonThani 41 Northeast 12 10.78 1 1.3 1.3 48.1
Loei 42 Northeast 13 10.82 1 1.3 1.3 494
Sa Kaeo 27 East 7 10.87 1 1.3 1.3 50.6
Phatthalung 93 South 11 10.98 1 1.3 1.3 51.9
KhonKaen 40 Northeast 11 11.01 1 1.3 1.3 53.2
BuengKan 38 Northeast 9 11.13 1 1.3 1.3 54.5
Mukdahan 49 Northeast 20 11.15 1 1.3 1.3 55.8
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Province province Region Order Average Frequency Percent Valid Cumulative
code birth rate percent percent

Loei 42 Northeast 13 10.82 1 1.3 1.3 49.4
Sa Kaeo 27 East 10.87 1 1.3 1.3 50.6
Phatthalung 93 South 11 10.98 1 1.3 1.3 51.9
KhonKaen 40 Northeast 11 11.01 1 1.3 1.3 53.2
BuengKan 38 Northeast 9 11.13 1 1.3 1.3 54.5
Mukdahan 49 Northeast 20 11.15 1 1.3 1.3 55.8
Kanchanaburi 71 West 11.22 1 1.3 1.3 571
Trat 23 East 11.29 1 1.3 1.3 58.4
Nakhon Pathom 73 Central 19 11.30 1 1.3 1.3 59.7
Chiang Mai 50 North 1 11.36 1 1.3 1.3 61.0
Ubon Ratchathani 34 Northeast 5 11.52 1 1.3 1.3 62.3
SakonNakon 47 Northeast 18 11.74 1 1.3 1.3 63.6
Ranong 85 South 6 11.87 1 1.3 1.3 64.9
Ayuthaya 14 Central 5 11.99 1 1.3 1.3 66.2
Nakhon Si 80 South 1 12.08 1 1.3 1.3 67.5
Chachoengsao 24 East 5 12.30 1 1.3 1.3 68.8
PrachinBuri, 25 East 6 12.58 2 2.6 2.6 714
Prachuap Khiri 77 West 5

Ratchaburi 70 West 2 12.73 1 1.3 1.3 727
Phangnga 82 South 3 12.74 1 1.3 1.3 74.0
Pathumthani 13 Central 4 12.76 1 1.3 1.3 75.3
Chumphon 86 South 7 12.85 1 1.3 1.3 76.6
SamutPrakan 11 Central 2 13.28 1 1.3 1.3 77.9
Nakhon Nayok 26 Central 11 13.47 1 1.3 1.3 79.2
Mae Hong Son 58 North 9 13.62 2 2.6 2.6 81.8
Saraburi 19 Central 10

Trang 92 South 10 13.83 1 1.3 1.3 83.1
Surat Thani 84 South 5 15.53 1 1.3 1.3 84.4
Songkhla 90 South 8 15.67 1 1.3 1.3 85.7
Tak 63 West 1 15.74 1 1.3 1.3 87.0
Rayong 21 East 2 15.95 1 1.3 1.3 88.3
Satun 91 South 9 16.11 1 1.3 1.3 89.6
Krabi 81 South 2 16.99 1 1.3 1.3 90.9
Narathiwat 96 South 14 17.93 1 1.3 1.3 92.2
Bangkok 10 Central 1 18.00 1 1.3 1.3 93.5
Pattani 94 South 12 18.31 1 1.3 1.3 94.8
SamutSakhon 74 Central 20 21.69 1 1.3 1.3 96.1
Yala 95 South 13 21.75 1 1.3 1.3 97.4
Chon Buri 20 East 1 21.99 1 1.3 1.3 98.7
Phuket 83 South 4 22.07 1 1.3 1.3 100
Total 77 100 100
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Statistics
N 77
Mean 11.7939
Median 10.8700°
Std. Deviation 3.50524
Skewness 1.386
Std. Error of Skewness  0.274
Kurtosis 1.745
Std. Error of Kurtosis 0.541
Range 15.31
Minimum 6.76
Maximum 22.07
Percentiles 25 9.5525°
50 10.8700
75 12.7825
100

Note: a. Calculated from grouped data.

b. Percentiles are calculated from grouped data.

Histogram for Average birth rate by province, Thailand, 2004-2015
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Meeyai*Ph.D,KriangsakRuchusatsawat*Ph.D, Atchariya Lukebua*M.Sc.,Supaporn Phumiamorn® Ph.D,
Sopon lamsirithaworn?, Ph.D
1. Bureau of Epidemiology Department of Disease Control, 2.Tropical Medicine FacultyMahidol University,
3.Public Health Faculty Mahidol University, 4.National Institute of HealthDepartment of Medical Sciences,

5.Institute of Biological Products Department of Medical Sciences

Immunization is one of the most cost-effective strategies to control infectious diseases. It
has beenfirstly practiced in Thailand since 1977 through the National Expanded Program on
Immunization (EPI) with the aim of significantly reducing morbidity and mortality from common
vaccine-preventable diseases. However, there was a resurgence of vaccine-preventable diseases in
Thailand recently. Possible explanations are: 1) low immunization coverage in a particular location
among children age less than 5 years with coverage below the herd immunity level, 2) waning
immunity in adults, and 3) movements of the migrants population especially unregistered workers.
Purposes of this survey were to determine the seroprevalence of 4 vaccine preventable diseases,
including Diphtheria, Measles, Rubella, and Hepatitis A, among migrant populations in Thailand and
describe theirknowledge and attitude on immunization and service. The study was conducted
among a sample of 400 migrant labours from Myanmar, Cambodia and Loasagedover 18 years,
using the stratified random sampling method. Data were collected by interviewing using a
structured questionnaire. Statistical data analyses performed in this study included ANOVA
orKruskal-Wallis test for continuous variables and Chi-square test orFisher’s exact for categorical
variables. The results showed that, among total samples, the proportion of protective immunity
for Diphtheria was 85.75% Measles (92.19) Hepatitis A (89.25) and Rubella (75.13). More than 98%
of study population did not understand about diseases and immunization. The most common
reason to receive immunizationis for preventing the disease (51.27 % ). Among those reportedly
vaccinated, most of them received immunization from government hospitals (82.6% ), free of charge
(80.43%) and their attitude on immunization had high mean score (mean 71.73, SD 30.86). Based on
study findings, activities to increase the knowledge levelof communicable disease and vaccine
usefulness needs to be improved. Encouragement of labors to be officially registered is important

for increasing access to health care, including immunization services.
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1| lne 99 95 99 Laifisneau
2. | Aupn 89 58 81 Laifiseau
3. | ansnsnuSguisanamidieunns 75 80 86 Laifisneau
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U a a a ¥ aa ¥ ¢ U
® NIATIINITAVLBURAUBARBLIAADAU AIE3D ELISA wagldinuainisnsianuseay

pliduiunUesiulsals windunseuinnd 0.01 1U/ml wigswasdenstesiulse (7)

® MspTIanIauURUaRUln 1gG RalasaRn (Measles 1gG Antibody) #2875 ELISA wagld
inasinnsasIanusERUnTANRY (196) Aasfulsald wiriunieunnndn 255 miu/ml Wisswesenisteaiu
157 (8)

® NINTIINILOUAUDATLA 1gG VelsARALYDTIU (Rubella (German Measles) IgG) e

T8 ELISA Baueufveftuiwaveguiunaendin uwagldinaminisnsianussaugliduiu (1s6) ndesiulsals

Y

WINAUKSBLINNIN151U/ml Wieeanesanistaenulsa (9)

® NNINTIAVMITLAVUDURAUDAABLIARUSNLAULD (Anti-HAV-IgG %38 Anti-HAV-Total Ab)
A1838 Fluorescent ELISA wagldinauainisnsnanuszaugiidudiu (1g6) ndeadulsals wirduniauinnid

q

15miU/ml wgawenanistaenulsa (10)

5. NANFANEN
5.1. dnwUURINEUADE1S

1UIUNGUFIDE19AD WIUTUVIRIINIY 400AUINANIUUTENBUNITUSTIANLTINU Teeay
57.07 (226 AU) LALAAINAIAIAUAINIINITINEATIUINLAEY S08a242.93 (174 AL) dyviAnl Sosas
39.50 (158 Aw) fuwY1 Seuag 35.25 (141 Au) Lavand Segag 25.25 (101 Au) InAvIe Seway 49.75 (199
AL WNANEY Sowag 50.25 (201 A) 81y5enINe 16-57 U Adlsegiu 29 U dilvgaunisAnuilusedu
Useaudnun Soway 47.25 (189 aAu) Tondniuing Seuay 91.25 (365 Au) I518lanaiusening 200-800
U Asisegu 300U srezafienduegluuszmalne sewing 1-240 ey Assegiu 24 1Feu

1% v ' Y A wa a v
nnsaeuaudeyaiuaaIuzaunMNUIINguAIeg 1 iusE TRauuns Sesaz 16.38 (65 318)

wa A

JrEElIRINgy Tenine 1-30 U Andfsegiu 5 U duseiRauasn Sewaz 19.80 (77 Au) seegiiarinuds,
5211319 1-30 U andfsegiu 3 U dulvgfguamudusawazlifiusy TRlsauszdda Sosaz 87.15 uasliee
Wuthegukss Seuaz 90.68 Nan130339319N18 wudulngdanuduladineglunasiund Sevay 89.27

(341 Aw) warilanglnyuiniseglunaeiund Sevar 65.07 (259 Au) SeaviBunnauandlilunisned 3
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v
9

M13199 3 : YoyamuUsEYINT UAZENIULEUAINYRINGNLTIUTINYIR JunAUdyv

a

2]

FIUIUIWUNAUTY VIR (%)
dnwauzialy AN Wi f‘%’uw;m am Prvalue ®
N=400 N=158 N=141 N=101
WA
U8 199 (49.75) 94 (59.49) 76 (53.90) 29 (28.71) <0.00011
- 201 (50.25) 64 (40.51) 65 (46.10) 72 (71.29)
Andlsaguvaseny 29 30 29 25 <.00011
(Wdszninaiosing) (23-33) (23-35) (25-33) (21-29)
STAUNSANEIGIGA
- Uszaufnw 189 (47.25) 55 (34.81) 69 (48.93) 65 (64.36) <0.00011
- dsguAnw 177 (44.25) 74 (46.84) 68 (48.23) 35 (34.65)
- ayUsan 32 (8.00) 28 (17.72) 3(2.13) 1(0.99)
- USyes 2 (0.50) 1(0.63) 1(0.71) 0 (0.00)
273N
- 5Ud 365(91.25) | 142(89.87) | 128(90.79) 95 (94.05) 0.0007
- A1 21 (5.25) 3 (1.89) 12 (8.51) 6 (5.95)
- NYATAT 11 (2.75) 10 (6.32) 1(0.70) 0
- By 3.(0.75) 3(1.89) 0 0
Adiseguvasgldiduumdedu 300 300 300 350 <0.00011
(Wdszninaosing) (300-320) | (300-300) | (300-300) | (300-400)
AULNEINDVDITE A
- ladieane 191 (48.23) | 102 (64.56) 16 (11.68) 73 (72.28) <0.0001
- LigIne 205 (51.77) 56 (35.44) 121 (88.32) 28 (27.72)
Adseguvasszezandufiou 24 33.50 26 24 <0.0001
flondeaglulszmelne (12-48) (14-48) (12-48) (7-48)
(WdusznIaesing)
UszdAnsguyn
- gu 65 (16.38) 43 (34.3) 14 (10.00) 8 (8.00) <0.00011
- inegu 332(83.62) | 114(66.2) | 126(90.00) | 92 (92.00)
Anafsszazaduliigulungu 5 5 5 6 0.10
figuys (\doszminanesing) (3-10) (3-9) (1-10) (2-15)
Usz¥Annshugsn
- 77 (19.80) 31(19.75) 35 (25.00) 11 (11.00) 0.03
- e 320(80.20) | 126 (80.25) | 105 (75.00) 89 (89.00)
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IIUAUTMUNAUTYVIR (%)

dnwaziialy ATNIW wai gyl a17 Prvalue ™
N=400 N=158 N=141 N=101
Anadsszeznandulifulungu 3 35 3 4 0.08
finugs ([doszyinemeslnd) (1-9) (2-9) (1-5) (1-7)
Uszdnlsauszandn
- d 43(10.83) 5(3.18) 35 (25.00) 3 (3.00) <0.00011
- lud 346 (87.15) | 148(94.27) | 101(72.14) | 97 (97.00)
- ldnsu/lsdudla 8(2.02) 4 (2.55) 4(2.86) 0
Usz3Ansiiudagguunse
- 4§ 31(7.81) 7 (4.46) 23 (16.43) 1(1.00) <0.00011
- lad 360 (90.68) | 145(92.36) 116 (82.86) 99 (99.00)
- hingu/dudla 6 (1.51) 5(3.18) 1(0.71) 0
FTAUANUAULAKR
- gandund 41 (10.73) 14(9.21) 19 (14.29) 8 (8.25) 0.27
- Un@ 341 (89.27) | 138(90.79) 114 (85.71) 89 (91.75)
ARytialanie (BMI)
- gndunasi 35(8.79) | 11(7.000 | 15(10.71) | 9(8.91) 0.49
- Un@d 259 (65.07) | 102 (64.96) 95 (67.86) 62 (61.38)
- gandnast 104 (26.14) | 44 (28.04) | 30(21.43) | 30(29.70)
* fauUseeniles (Continuous variables) fulnuAn p-value 910 ANOVA e Kruskal-Wallistest

A
?hué’f’aLLUiﬁ@ﬂa;u(Categoricat variables) 191 p-value 910 Chi-square test #se Fisher’s exact test

5.2. seaugdidunuvadlsantasnulddaeindu

v

o ay o a ' P Y] PxY v o & Y = Y
igﬂUQllﬂllﬂu‘V]maUﬁanLQW’]%L’"\]’]5ﬁ]ﬂmaiﬁﬂw{jaﬁﬂu1ﬂﬂ'gﬂjﬂeﬁu VN 415?’1 VL@LLﬂ ABDRAU ¥iN

AU kazliSadudniauLe

@ a [

Jaaulsa wuin dszaundAunuwi

Y 9

—~~

(9 o

(Y]

TuwssudueIRN15ulATINSNINTwaz luiuseiflasunisandadu
gananeseautasiulsArafusneay 85.75 (343 Au) insauay 92.19

354 au) Wawesdu Seuay 75.13 (296 Aw) wazliSadudniauoiesas 89.25 (357 au) Inenddudeysid

aa a ) ' | | Y a o a o a
nllszaugiauiulsalaemidlusaglsndlvyganirdynidugiuazan MvaziBuaduanslunsd 4
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(Y 1 a

M13199 4 sEaugiiduiusalsanlasiuldiiedaduvasssudiuvifduunnudyuid

T UNUTY VIR (%)
lAufusalsn AT i AUy a1
N=400 N=158 N=141 N=101

P-value*

1saAafu (Diphtheria toxoid IgG antibody)

- ldisanesanistesiulse 57 (14.25) 15 (9.49) 14(9.93) | 28(27.72) | <0.0001
(<0.01 IU/ml)

- dlsydugiauiulsadivane | 343 (85.75) | 143 (90.51) | 127 (90.07) | 73 (72.28)
sansUesiulsa
- (>=0.01 IU/m))

1saia (Measles 1gG Antibodly)

- ldweanesenistesiulsa 30 (7.81) 10 (8.00) 15 (11.28) 5(5.21) 0.17
(<0.61U/ml)

- fsgdupfiAuiulseuiieane | 354 (92.19) | 115(92.00) | 118 (88.72) | 91 (94.79)
pon1sUesRulsA

(>=0.61U/ml)

Tsaiawasiiu (Rubella German Measles IsG Antibody)

- ldisanesanistesiulse 98 (24.87) | 30(19.35) | 40(28.57) | 28(28.28) 0.12

(<15 1U/ml)

- WsanerenisUesiulsa 296 (75.13) | 125(80.65) | 100 (71.43) | 71(71.71)
(>= 15 IU/ml)

Tsaladaausniaute (Anti-HAV-Total)

- ldWisewesionstesiulsa | 43 (10.75) 2(1.27) 2(1.42) | 39(38.61) | <0.0001
(<15mlu/ml)

- issnesion1stesiulia 357 (89.25) | 156 (98.73) | 139(98.58) | 62 (61.39)
(>=15mIU/ml)

NG 1. nan1InTIIAT It fuRnisselsain Tinaninay 91uau 16 518

2 NaNINTIBATIEINIRIU URnsealsavinteasiu Ivnaminiu 911 6 518

3. Tuseilinaiiniy aglignihauninseilunisawinegnsnnnugn

5.4. 32AUANNS ANGBINTT Uazlanafsalsauazindulaiulsa
5.4.1. anuiralsauazindulasiulsn

mnusrelsaideafuldseiatu wui dnlngjuiiasnisiinlsaneiiu Sovay 99.25 Wia Jovay
98.75 inLgossiu Jovaz 98.25 uarhiadudniaute Jovaz 99.00 lunduilveusuindnlsa (amnsaven
a1nsdfyveslsaldetiedas 1 ag19) nudrdnlsamedusesar 0.75 (3 518) lagynselinguisnis
Ansiauazliivsyifdneelasuinduiinewesiu Sevay 1.25 (5 519) lnensuismsieseuasiusyifneg
l9suiadiu Sevar 0.25 (1 Aw) %in Segaz 1.75 (7 518) lneynelinsuisnisineuas liifiuse TRaelasu

v

AdukazhSadudnauesesas 1 @ au) Inensiuisnsinsewasiiuseifnalasuindusesas 0.25 (1 AW)
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gRUSUI3INTAT

v

ANUSABIAT

Y

v

Y

Joadulsa nudrdwlugujiasnisidnindudesiulse Sesar 88.25 lun

msfneaMuYnUansigiiduiusialsaneiiu lsamin sainwesiu uatlsaladudniausiiaevassmdamilulsamdlne

v
AURAN

q

u

Yosfiulsn Seway 11.75 (47 aw) anunsavendsslevivenisliindulaatagndes Sos

ay 97.87 wazanunsavendelsaniannsalesiulamedaduligniesediates 1 1sa Seeay 68.09 (32 Aw)

917 Tsevin Wale fwatat dudniau vianzdn livialng Wudu Meavidesswuandlilunsed 5

] v o v WYy v o ' v ao o a
M19190 5 ﬂ'J'111EﬂE]IiﬂVl‘ﬂaﬂﬂu1ﬂﬂ')ﬁJ')ﬂ‘UU1unq3lLﬁﬂ\i'lu%']u?ﬂﬂﬁﬂLLUﬂﬁlqﬂJﬂﬁy‘m(ﬂ

UIUTMUNUTY VIR (%)

o o v o . — P-value*
a1nu YaA1nIu ANTY wain QO] am
N=400 N=158 N=141 N=101

1. | $3nlsamediu (Venennsddauedisala 3(0.75) 0 3(2.13) 0 0.06
ag3toy 1 91019)
NIIBNTRARevetlsAnefy 0 0 0 0
(venIEnsinsialagnaes)
welasuindudesiulsnmefiu 0 0 0 0

2 | SAnlsavinwesiiu (Ueneansddguedlsa | 5 (1.25) 0 3(2.13) | 2(1.98) 0.19
eoghetey 1 91019)
NIUIBNTRaRevetlsAnEoIiu 1(0.25) 0 0 1(0.99)
(venIsnsinsielagnaed)
welgsuindudesiulsaiaeesiu 1(0.25) 0 0 1(0.99)

3 | $3nlsevin (UonensdrAnyuedlsaliegng 7(1.75) | 4(253) | 3(2.13) 0 0.29
oy 1 91n19)
NIIWIBNIANRDTDILIAR 0 0 0 0
(vanTFBmsfinsialagneias)
welasuindudasiulsaiin 0 0 0 0

4 | SHnlsabhadusniauie (Venemsdfsy 4(1.00) | 1(0.63) 0 3(2.97) 0.05
vedlsalaognetas 1 9119)
NIIBNsARRevelsalsaRusnLauLe 1(0.25) 0 0 1(0.99)
(venIEn1sinsialagnaies)
weduseRlasuindulesiulsalifadu 1(0.25) 0 0 1(0.99)
HNLEAULD

5. | $9ningudesiulsa 47 (11.75) | 7(4.43) | 32(22.70) | 8(7.92) | 0.0001
nyudsglevivesingu 46 (97.87) | 6 (85.71) | 32(100) | 8(100)
(moutldiiietesiulsn)
nulsafidestulddetadu (uendelse 32(68.09) | 7(100) | 21 (65.63) | 4 (50.00)

' v

gneesldegutey 1 s )
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5.4.2 AUARINIATUUINTIATY

NNN1sd1sRANdesiasuindudesiulse wud Ianudesnisinindu Sevay 88.75 gl
amnudAniuluBesdadeviemamalunisdnduladeniuuinisdnindugsgn 3 suduusnie 1) a1unsa
deafunieanmnudssienisifnlsn/aaasndomaguniw Yevas 51.27 2) umduienguiauugihli
3 (38.31) uaz 3) yanaluaseuniuuziilidn (6.23) lnsanidudymaifiniusonsliiuintugean
Joway 96.04 sosawFe wal (87.34) uazfunw) (85.11)

drunguiilifosnissuuinsdnindugean Sevay 11.53 (46 aw) lmnudndiuluFosiadonie
wiawalunisandulaliidensuuinisinin@ugean3 duusnde 1) ndvenislidfisUszasansen1izunsndou
vdslasuiadu fewar 57.78.2) TABusn1una (15.56) uaz 3) Lifdniaduniondudu (13.33) Measidend
wandlumsnedl 6

a

M19199 6 ANuseNslasuiadulasiulsalunguuseudiuyfduunaudyyis

FIUIUTUNANA VIR (%)
o o . = P-value*
JaA1nu AMNT w3 iy a17
N=400 N=158 N=141 N=101
laidiaenis 45 (11.25) | 20(12.66) | 21 (15.00) 4 (3.96) 0.04
- ndeMsldieUsEaAne 26 (57.78) | 9(45.00) | 14(66.67) | 3(75.00)
ANMBUNINGIUNA AU IATY
- PTUIIAWN 7 (15.56) 5 (25.00) 2(9.52) 0
- lLifansalusuusnsdaindu 3 (6.67) 3 (15.00) 0 0
- lufienuddudesdn wsede 3 (6.67) 2 (10.00) 0 1 (25.00)
nnsaaiaduliaunsadesiu
Aulsale
- Buq (WiFdndadu/ndady) 6(1333) | 1(1266) | 5(23.81) 0
Ae9N1s 355 (88.75) | 138 (87.34) | 120 (85.11) | 97 (96.04)
- UnvgusenguIaLurnliae 136 (38.31) | 92(66.67) | 12(10.00) | 32(32.99)
- yeralupsauaFwuztlvidn 22 (6.20) 7 (5.07) 15 (12.50) 0
- lispsdualadne/datnduns 15 (4.23) 4 (2.90) 9 (7.50) 2 (2.06)
- gunsalestuvideanaandes | 182 (51.27) | 35(25.36) | 84(70.00) | 63 (64.95)
foN1sAnlIA/ANNUaRnAENIg
qUAMN
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5.4.3. aafnaladudaanulsa

1 v v a 1

wnafreingulunduussnuiunineensuinganiadu nuidinnailnesivedluseaud

(mean 71.73, SD30.86) damamfidrulngineuiiiusieuiniian 3 susuusn fs 1) nsdaipduiuszlev

anunsaldlunistesiulsale sesay 89.36 2) n1sanipduasuigdluaiuisatesiulsalanasndin(72.34)

a = o

waz 3) lsandesiuldmeindudiulngfoinissusswiailudunsetudedin Sdinudnludeds

[
v v a

¥ o a v A 1 = o Y a U = aa ¥
amm/mﬂﬂ3Lmaﬂ%auwaamiammu@juLLiammmwﬂmwmiLLazaumwmummmaamm (65.96) @1uUv®

manufdnlvgnouiiuietdesian Aeaunilsausedddaunsadainduls wsslildvilifionnsves
Tsaduegiunsawnndu (55.32) Usunuanaidwunaudyyifvewssnudusninianuwansieiuedng

¥
= 1

N oo w aa P U vy o 1 - Y 2% U o da = o
fdydAgyneada 1. lsandesiulamedatudiulugionissuuswmsedudunmefcdudein Jaia
Indusesdnindu (P-value 0.01) 2. dlngdadinnnuindudesdnindu mseinduldladesiulsalianie

Tudnvingiu (P-value 0.02) 1882 D8ARILANILUANTIN 7

[

M13199 7 weadralsalasiuldmedadulunguussudruvnnidniadulaesiulse (n=47)

Sunufineubiviudiesuunaudyund (%)

. o o o : — P-value*
R YaAnY ATNTIU Wi NUWYI a1
N=47 N=7 N=32 N=8
1AAAIASIU (mean 71.73, SD 30.8.6)
1. | euiifisaniewdusedadiang 27 (57.45) | 6 (85.71) | 16 (50.00) | 5 (62.50) 0.22

Fndudednindutlaiulsa

2. | Bsnittestulddneindudinlvail | 31 (65.96) | 7(100) | 17 (53.13) | 7 (87.50) 0.02
omsguuswiadudunsedaty
do%in Feipnudududiosdn

q

AYU

o—

e

o)

3 | msdeingundafenldannse 34 (72.34) | 5(71.43) | 25 (78.13) | 4 (50.00) 0.29
Jostulsalananndin

4 | gvgjdafinnudndudiesdaia@u | 27 (57.45) | 7(100) | 14 (43.75) | 6 (75.00) 0.01
wzdaduliladesiulsals

< &
LQW'W%‘I‘ULWﬂW]’TU‘U

5. | Auiilsausysisadianunsadn 26 (55.32) | 4 (57.14) | 15 (46.87) | 7(87.50) 0.11

Saguls wsnglallevinlidannns

A \ 3
GUENIﬂ‘TV] LUU@%EULL?QN’] NUYU

6. | onsunIndeunainis@nindu | 31 (65.96) | 5(71.43) | 19 (59.38) | 7 (87.50) 0.32
lylsuwsadavunayinlvnnisway

q

JUATNYIUDIVULELT IR

7. | msAniaduiiuselesianansald | 42 (89.36) | 6 (85.71) | 28 (87.50) | 8 (100) 0.60
Tunsdesrulsale
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5.4.4. anuaunsalunisidnasusnslasuiagu
wansdsranuindndlvgenlulivinisdainduillsmmetuiavessy Yevas 82.6 seeanfAe
Tsmeuiatenau (32.60) uazAddn (0.23) Faflszarnaineanthuinlaiiu 3 Alawes euas 51.87 N3
dumadenlduinisiuiieuszdmie wu vewedled sowdvieind¥esay 58.70 lunislulduinisusiay
pds dndlnglldumssimsanuazmnanyaananenisumgi e Sovay 86.96 srpznatlunsly

U3N15 581379 30 U-1 Tlae Sewar 84.78 wazlufianlgarelunisldusnns Sevay 80.43 d@1u¥eIn19ns

I@sudoyavmansdesay 58.70 ldsuanuaainsmenisunng Fuluyprangudedfuiivusililudaindu

Spuay 45.65 5198 DUARILENIlUAITIN 8

A135197 8 AMUAINTATUNMTEIAIUINTIASUTATUYBIMTINUTIUBIRT I UNA U Y VIR

a

FIUIUIMUNAUTU UG (%)
o o . = P-value*
UAINA AN WU ﬂﬁJW‘ﬂﬂ a11
N=47 N=7 N=32 N=8
wiruiiaunsaluveduuinisin
Iagullasnulsa
- lsmeunavessy 38 (82.60) | 5(71.42) | 27(87.10) | 6 (75.00) 0.51
- lsmeiuiaenauy 15(32.60) | 4(57.14) | 8(25.80) | 3(37.50) 0.29
- pdln 11 (0.23) 4 (57.14) 3(9.67) 4 (50.00) <0.001
- SUvIEEN 2(4.34) | 2(28.57) 0 0 <0.001
dagamfianansaluvaduuinisia
Ingullasnulsa
- lipesarian 29 (67.44) | 6(85.71) | 21(65.63) | 2(25.00) 0.01
- AARANIAN 14 (32.56) | 1(14.29) | 7(34.37) | 6 (75.00)
szezn19INUNUNNasERIUUINS IR
Ingullasnulsa
- dewnin 1 nu. 13 (28.26) 0 11(35.48) | 2(25.00) | <0.001
- 1-3 A4 11 (23.91) 0 6 (19.36) 5 (65.50)
- 350y 5(10.87) 0 5(16.13) 0
- 11 5 Ny 17 (36.96) | 7(100) | 9(29.03) | 1(12.50)
wiviueiildidumsluuuinisiuiadu
Uasnulsa
- puld 9 (19.57) 1(14.29) 6 (19.35) 2 (25.00) 0.05
- souewmeslensuing 12 (26.09) 0 10 (32.26) | 2 (25.00)
- sadsERe/uiind 15(32.61) | 6(85.71) | 6(19.36) | 3(37.50)
- 0UAAIUD 10 (21.74) 0 9(29.03) | 1(12.50)
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IUIUIUNAUTY VIR (%)

¥ o ; ” P-value*
JaAnnu AT wain fuywn a17
N=47 N=7 N=32 N=8

nslésunissruneanuazanidioly
Yasuuinissudadullasiulsnain
wnng/nenuna/dawiing
- sy 6 (13.04) 0 6 (19.35) 0 0.19
- ey 40 (86.96) | 7(100) | 25(80.65) | 8 (100)
szpzaildlunisivvesuuinisiu
Sadudeiulsaluudazads
- Upendn 30 w¥l 26 (56.52) | 2(28.57) | 22(70.97) | 2(25.00) 0.02
- 30 wfl- 1 Falu 13 (28.26) | 3(42.86) | 6(19.35) | 4(50.00)
- 12 4l 5(10.87) | 2(2857) | 2(6.45) | 1(12.50)
~ gnnd 2 lu 2 (4.35) 0 1(3.23) | 1(1250)
AlganalunisvasuusnssuIngu
tasnulsansall
- laifienlgane 37(80.43) | 6(85.71) | 27(87.10) | 4 (50.00) 0.05
- 598190 (Uaendy 500 UW) 7(1522) | 1(14.29) | 3(9.68) | 3(37.50)
- 1A Ng (500-1,000 Un) 2 (4.35) 0 1(3.23) 1(12.50)
Faanan1siuiinasieaiy
Uszlovdvasindu
- YARINTNNNITUINE 27 (58.70) | 7(100) | 16(55.17) | 4 (57.14) 0.09
- euthu 5(10.87) | 2(2857) 0 3(42.86) | <0.01
- peAnsAILTRIAY 10 (21.74) | 1(14.28) | 8(2759) | 1(14.28) | 0.63
- wilsdeNUW 115813 1(2.17) 0 1(3.45) 0 0.78
- Ang/Ingvimd 7 (15.22) 0 5(17.27) | 2(2857) | 0.35
- LONENTHNUNY 2(4.35) | 1(14.28) | 1(3.45) 0 0.39
- AuAIINBUmRSLIN 1(2.17) 0 0 1(14.28) 0.07
- ATISIATDIAUNIBIU 1(2.17) 0 0 1(14.28) 0.08
yaaaiuuzi livinluTduznnsdn
ngudasnulsa
- AULDY 18(39.13) | 3(42.86) | 15(50.00) 0 0.05
- UNVgLaENeIUIa 21(45.65) | 4(57.14) | 12(40.00) | 5(71.43) 0.29
- auluaseuas 3(6.52) 0 3(10.00) 0 0.48
- ewAdioutiy 2(4.35) 0 1(3.33) | 1(14.28) | 037
- wedg 4(8.70) | 3(42.86) 0 1(14.28) | 0.001




v

msfinsanuYnvansigiiduiusislsanaiiu Tsavin lsavinwesiu ualsalarusdniauriiaeuaassmdnunilulssmelne 79

6. 391504

(Y]

1. Anugnuesssaugiiduiusielsanefiu lsavin lsavinwesiiu waglsaliSadudniauiioe Tungus

' o 1 U =2 1Y =

BNENVTBLIINUTINNR WU dndudiisvaugiauiuiseduiismerenstesiulsaluusiazlsagedieiosas

9

v
I

61.39-92.19 wilumsfinwinsall oranalnsdrulvgazuasnslasuirdunsnanunneu vllonafinanlug

v
¥ U =2 a

JuwneglasuiaturieinnnsuneldsuderuingifuiuluewnusssunAvy (natural immunity) S3u@

q

nstsesasussRagulunguidsanmendaumnmsaimsssuinvedsaiadaiuluaieiun 019 Tsanefunay

[V

Tsevin Judu deyaannisdrsndnseunseunguueinislasuindulungueulve wudasanueseunquues

(9 a

Fadueefiv (dT) wiriuSeaz 80 lnengueny 20-50 U Tszdugifuiusngn (11) Weswndunguiliindentn

Uszwralvneduldununuaiuadsugifuiulsalunn dmumnagdesiulibilsadinannduussuinnied

9

~ % v ) ' oA v o Yo o o %9}
L{quill']EJL‘Waﬂ?qﬂaqﬂiﬂﬂﬂﬂ‘lﬂﬁnﬂﬂﬁngﬂ ﬂ']iLE:hﬁngiiﬂaﬁlﬁlﬂmaL‘UENLLa%fﬂﬁNaﬂWUﬂq{LMQﬂGUUEJQﬂ?{Lﬂ§Uﬂ'ﬁ

|

advayuiednwLasiiuszAuAIuATaUAguag 1eeligendseR Ui lmAngiiAuiulsaluyuu (herd
immunity) snufissdnisewnsielan (WHO) lawustliluwsaslsalisinninfesas 85-95 irseungulunninui

warynUsEYInInguides Nilunguankssnudwndvasginmunandesgluusemalng Useuna 3.5 d1uau

v

(12) e egAnmuusnuimanidusininluiedasuiaunuuwunisliiaduiuiug uredlng

Y] v oa a !

2. HansAnwIMUIIANNYNIngTvessERug AL dulismesantsUesiulsaeglusiuas lng

a Yy o Y 1

doymansdndserugiauiulaesiugege dudyfaniissiugifuiuleesiuiian nawmnziauiusiolsaiu
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Abstract

Background

The contact patterns between humans and humans or human and domestic
animal/ livestock are important information for modeling disease transmission dynamics.
Often simple assumptions such as homogenous or proportional mixing are assumed when
constructing mathematical models to study disease epidemiology and short-term impact of
some interventions. Moreover, sensitivity analysis often makes a remark on the importance
of these contact parameters to the model outcomes such as the rate of spread of an
infection, the magnitude of an epidemic curve or the effectiveness of the intervention
strategies. In this study we collected data to describe contact pattern and movement of

migrant workers in the urban setting of Thailand.

Method

Three hundred and sixty-nine migrant workers from three major nationalities included
Cambodia, Lao People's Democratic Republic (Lao PDR) and Myanmar were participated in
the survey between September and November 2015. Over eight thousand and three
hundred contacts were recorded on paper diary with information on all contacts made
within a chosen day. On return of the paper diary card, 10% of all participants were
randomly chosen for an interview to fill in any missing contacts as much as possible. The
demographic data of participants including age, sex, nationality, workplace, income and
education were reported. The characteristics of contacts recorded include age, sex and

nationality of person contacted, location of contacts and occurrence of physical contact.
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Results

Over 75% of all the contacts occurred from the migrants aged group 15 — 39 years old. The
contacts were highly cluster in this age class in all three nations. However, the contacts of
migrant workers to the younger and elder age groups were very low. The pattern varied
slightly among different nations, mostly depend on the type of job reflected in the
workplace. Most worker did not travel far during the working days, mainly commuting
between home and workplace. They often went back to the country at most once a year on

seasonal basis e.g. Thai or Western new year period.

Conclusion

The study findings helped to gain better understanding of the mixing pattern among the
migrant worker in the urban setting. This information is useful when simulate disease
epidemics in this specific population and guide optimal disease control strategies among this

sensitive and venerable group of population.

Introduction

Many epidemiological models of infectious diseases usually assume simple structure of
population mixing pattern because data on this subject are not widely available. Several
non-random mixing patterns such as proportional and non-proportional mixing have been
incorporated into a mathematical model to represent sufficient heterogeneous contacts
among population. Objectives of mathematical models can be ranged from just studying
how a disease spread to how to design control strategy. Good models will require validation
and sensitivity analysis. Sensitivity analysis often claimed that model outputs such as
spreading pattern or total cases were sensitivity to uncertainty in model parameters such as
contact matrix, qualitative measure of the contact pattern. More studies have focused on
sexually mixing patterns (Aral et al., 1999; Ghani and Garnett, 1998; Laumann and Youm,
1999; Youm and Laumann, 2002), but only few have looked at closed contact patterns
which are element of airborne infections (Beutels et al.,2006; Edmunds et al., 1997, 2006;
Wallinga et al., 2006). The contact patterns of Thai population from all age ranges living in
four different regions, central, north, northeast and south were looked at in a previous study
in 2009. The results showed a similar pattern to those found from previous studies in Europe
i.e. the human contact patterns were highly age dependent. The contact frequency was the
highest in age categories between 5 and 15 years old. Almost 80% of all contacts were
physical in the younger groups and this figure dropped by half to below 40% in teenagers
and adults. Around 50% of all contacts occurred at home, higher percentage among infants
and elderly people. The findings from the previous study showed a similar pattern of mixing
contact to the European setting with greater frequency and slightly some variations among

the regions of the country partly explained by the culture differences.
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Up to date there was no study of mixing contact pattern in Thailand. A study on migrants
proved challenging because of some issues including international politics, legal entry and
work permit for example. This study was conducted as part of the main project entitled
“ Resurgence of vaccine preventable disease in Thailand:Diphtheria, Measles, Rubella, and
Hepatitis A as case studies” . The sero-prevalence with the questionnaire survey on
knowledge, attitude and practice regarding these 4 vaccine preventable diseases were

assessed in parallel to the study of mixing contact pattern and population movement.

Method

Contact pattern study

The survey was separated into two processes, the questionnaire with an interview was
performed to collect the demographic data of the participants. This part was including in the
seroprevalence study where the participants were informed about the study by reading the
participant sheet and ask the research team any question. The participants who signed the
informed consent would be recruited to the study. Trained research staff and the translators
would conduct the interview with the translated questionnaire. The second process was
after the questionnaire was completed and the participants were blood drawn for the
seroprevalence survey, the participants who were willing to participate in the mixing contact
study would be explained about the diary and how to record the contacts through
communications with the trained translators. The date would be arranged for the research

team to pick up the diary cards later.

The contact patterns were extracted from the survey on the social contacts and mixing
patterns in various workplaces in Pathum Thani, Thailand conducted during September to
November 2015. The target population were migrant worker from Myanmar, Lao PDR and
Cambodian who were willing to participate and signed the informed consent. A contact was
defined as either skin-to-skin contact or a two-way conversation within the distance of
approximately one meter without skin-to-skin contact. For each contact, the participant
would be asked to record information on age (in groups) and sex of the contact person,
nationality (same or different from the participant),type of contact (physical or non-physical)
and location where the contact was made.The template daily card was modified from the
one used for POLYMOD study to characterize contact pattern in Europe [Mossong 2008]. The
information asked was simplified and minimized the use of any alphabets as some migrants
were illiterate. The questionnaire and diary card were translated from English into three
different languages, Myanmar, Cambodian and Lao by the international students working in

related to health research. The translators in all three nationalities were trained to become
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familiar with the forms and understand the purposes of the study before the recruitment

started.

Pathum Thani was at the boundary with Bangkok with the area of 1,525 meter? and the
population of over one million people registered. The province is a mixture of agricultural
and industrial areas with the rapid growth in industrial business in the country. Pathum Thani
represents an urban setting for the migrant worker who live and work in a big city around
Thailand. The other major setting for migrant worker would be the cross-border areas where
we would not be focusing in this study. The number of registered migrants in this province in
2015 was 138,373 or approximately 9.5% of all migrant workers in that year. The ratio of
male to female migrant worker was 1.67. By nationalities, 60% were Myanmar, 12% were Lao
PDR, and 28% were Cambodian.
(http://www.doe.go.th/prd/assets/upload/files/alien_th/cead979ea00fbb2f2ad2b6d5e53d5dde

8.pdf)
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Fisure 1: Pathum Thani, the study site

Multistage sampling with purposive sampling was applied to select the suitable study sites focusing
on industrial factories and wholesale vegetable markets located in four districts in Pathum Thani
(Klong Luang, Lum Look Ka, Lad Loom Kaew, and Klong Sam). The sampling was done to make
sure that migrant workers from all three sizes of the factories were covered i.e. small size (up to 20

workers), medium size (up to 50 workers) and large size (over 50 worker).


http://www.doe.go.th/prd/assets/upload/files/alien_th/cea979ea00fbb2f2ad2b6d5e53d5dde8.pdf
http://www.doe.go.th/prd/assets/upload/files/alien_th/cea979ea00fbb2f2ad2b6d5e53d5dde8.pdf
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Inclusion/Exclusion Criteria
Inclusion criteria:

1) One of these nationalities: Lao PDR, Myanmar, Cambodia

2) Staying in Thailand for more than 3 months

3) Aged over 18 years old

4) Present at the study on the day of recruitment
5) Signed the informed consent

Exclusion criteria:
1) Do not willing to answer questions
) Do not willing to have the blood drown
3) Pregnant
) Those with underlying diseases including immunosuppression, kidney, liver failure and

cancer for example.

Results

While total sample size was 406 for the seroprevalence study, the response on the mixing contact
study was 369 i.e. response rate of 90% . Of that, there were 160 Myanmar, 145 Cambodian and
101 Laos.

No Type Size |For seroprevalence [Myanmar [Cambodia [Laos For Mixing contact
1 |Market L 145 36 38 71 122
2 |Market L 30 0 0 30 30
3 |Food S 33 3 30 0 29
4 |Food L 28 13 15 0 27
5 |Food L 38 17 21 0 37
6 [Others S 10 10 0 0 10
7  [Others M 21 10 11 0 13
8 [Others M 22 22 0 0 5
9 [Others L 79 49 30 0 79
10 |Housework 17

Total 406 160 145 101 369

Table 1: Summary of the survey for two parallel projects 1) seroprevalence study and 2) Mixing
contact pattern study. The study sites were classified by type of product and the size of the

workplace
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Figure 2: The photos showed different study sites and different types of work taken by migrant

worker
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e yanmar(228) | cambosa 135 overa (26

Mean age (sd)
Male (%)

Primary school only
(%)

Laboringwork (%)
Income in THB (sd)
One-day off (%)
Sufficientincome
Y:N

Goingback home
every year (%)

Thai VS Standard
new year

28.95 (7.90)
63.28
33.59

87.50
315.87 (54.98)
72.66
33:94

25.78

40vs 14

29.34 (6.22)
54.07
46.67

90.37

304.73 (27.81)
64.44

113:15

77.78

87 vs 26

26.95 (7.16)
23.58
54.72

77.36
360.57 (76.68)
19.81
23:64

44.34

42 vs 12

Table 2: General information of participants by nationalities
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[1] no. contacts
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[2] no. contacts
5-<15yrs
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14-<40yrs

[4] no. contacts
40 plus

Table 3: Contact information reported on diary cards by nationalities
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| |Myanmar(128) | cambodia(135) | Laos(106) Overall (369)

Total contacts 3128 2574 2654 8356
Contactsfrom 42.39 40.95 28.15

home (%)

Contactsfrom work 67.30 56.06 68.61

(%)

Contactsfrom 8.31 7.78 12.17

other places (%)

Table 4: Locations of contacts reported by nationalities
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Conclusion

There were significant differences among the contact pattern, by nationalities this was not so
obvious, however, by the type of work it clearly showed the differences (Figure 8).
Cambodians and Myanmar people had the more similar contact pattern compared to Laos.
Their contacts were heavily among the age class 15 - 39, with cluster of contacts among
their nationality. Laos people had more diverse contacts with different age groups and
nationalities. This is mainly explained by the type of work they were in. Laos had the least
language and culture barriers to be mixed with the Thai population. They often take up the

work where communication and human interaction skills are more required. The types of
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work are shop sellers, vegetable and fruit sellers, housework and children caretaker. While
the Cambodia and Myanmar often operate on machines in factories and industries or
construction worker. It is possible for them to work in the markets, often on a job where no

interaction with people are required i.e. vegetable preparing.



InilszaIAn 4
To use mathematical models to demonstrate possible scenarios for the spread of vaccine preventable
diseases among migrants and Thai nationals taking into account the effect of population movement

patterns and to suggest optimal control strategies
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Prevalence of diphtheria, by region Thailand 2010
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Prevalence of diphtheria, by region Thailand 2012
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Sum prevalence of diphtheria south region Thailand
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M13191 4.1.3 WITALADT ANURVIULASVAULUAYDIAIWITIHLAD SN LTI L U809

Parameter | Meaning Value/ unit per | Reference
Yéj Contact rate (14-17) -
. Birth or immigration rate (0-0.04) [9]
p Incubation period 6 month™ [10]
y Rate of Recovery from asymptomatic 15/7 month™ [11]
U Natural death rate 1/(73x12) month™ | [12]
a Diphtheria induced mortality rate 2x10”7 month™ [13]
a Ratio of infected 0.6 -
S Ratio of infected by asymptomatic 0.7 -
¢ Rate of vaccination (0-0.1) -
£ Rate of vaccine wane 1/(10x12) month™ | [14]
0 Rate of recover become vaccinated 1/2 month™ [11]
r Recovered from infected 15/7 month™ [11]
K Carrying capacity varied 9]
Ry Basic reproduction number (6-7) [10]
T The time between two consecutive | varied -
P2 The fraction of susceptible subjects to | 0.95 -
whom the vaccine is inoculated.
m Rate that individuals of city i leave to | 0.0135 [11]
city j(i#]J)
Transport-related transmission rate 100 -
R4 Reproductive number  associated | varied -
vaccination

4.1.2 ﬂ']i%lﬂi']gﬁuuu%oﬁlﬂaﬂ SVEAIR
1. @1 basic reproduction number 2asuUUINRDI

lud1ure1161 basic reproduction number VaILUUFIABY (4.1.1) TAIUITHINNAIT

IATLALFEDHIAINVBILLULII889 SVEAIR 71 disease-free equilibrium lag 13T Next generation
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AN 4.1.4 ernnAteasniemdnen lianadutl 2558

IMWIN | AN
WA Jilqa |gnea| s r K p Ry Ry | &

(@ %) | uanan

BN 5 0.9649 | 0.02 | 0.031 |5.1x10° | 16.001 | 6.864 |2.206 | 0.056
ok |2 0.2881 | 0.02 | 0.027 | 6.9x10° | 14.530 | 6.233 | 2.001 | 0.049
g9 |1 0.0708 | 0.02 | 0.025 | 1.4x10° | 14.023 | 6.016 | 1.933 | 0.048
%I | 0 0 0.05 | 0.026 | 7.8x10° | 14.001 | 6.001 0.957 | 0.047
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(Mathematical model of diphtheria with transport-related infection)
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Prevalence by region, Thailand 2015
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A19191 4.2.1 (d9)

m‘nﬁmas‘ AN NE

ys) Contact rate

r Intrinsic growth rate

K Carrying capacity

o Incubation period

T Rate of Recovery

Y7 Natural death rate

a Mortality rate of Measles

c vaccine efficacy

& Rate of primary vaccination under booster administration
&, Rate of vaccination (booster)

Rfjc Basic reproduction number of the model with vaccination
Réw Basic reproduction number of the model without vaccination
51‘: Optimal vaccine coverage obtained from the model

) Rate of vaccine wane

m Rate that individuals of city i leave to city j (i # j)

d Transport-related transmission rate
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A15191 4.2.2 N AeasnTlumIsaadiaavuadnuuinaad (4.2.1)

Parameter Value/Unit (day™) | Reference
B varied -

r varied [20]
K varied [20]
o 0.1250 [15]
r 0.0714 [16]
U 0.000037 [12]
@ 0.0005 -

£ 0.9 [18]
& 0.0037 [27]
&, 0.0014 [27]
@ 0.0001 -

d 10 -

m 0.00003 [11]
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PATINTHNN 65 2.4725 0.0095 2628818 | 0.92 | 12.7795 | 1.1701
TSN 10 1.7955 0.0098 556922 0.91 12.6406 | 1.1574
UATUIEN 1 0.3867 0.0142 258577 0.90 | 12.5017 | 1.1447
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(Mathematical model of measles with pulse vaccination)
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(Mathematical model of measles with transport-related infection)
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Parameters Values

Basic reproduction number (R,) 6.5

Fraction of asymptomatic state from primary infection (Cy4) 0.8

Fraction of symptomatic state from primary infection (C;) 0.2

Fraction of asymptomatic state from secondary infection (C45) 0.8

Fraction of symptomatic state from secondary infection (C,) 0.2

Fraction of being protected by full natural immune (Cz) 0.9

Fraction of being protected by partial natural immune (Cp) 0.1

Fraction of infants who receive diphtheria antitoxin at birth (Cy) Varied with time

Rate of recovery from infection (y) 1/14 day~*

Rate of vaccinated immune loss(ny,) 1/(15 x 365) IUday~*
Rate of natural immune loss (nz) 1/(15 x 365) IU day~*
The average reduction in transmissibility of A(a) 0.1

The average reduction in transmissibility of RpandRp(e) 10°

The characteristic length constant(7,) 115 km

d' 1 a & 1 ‘:l' o
A19199 1 Adeesaneg Alglunuudians

LSIENUNTOLASTUVANNSMANTIAeNS IS finite different method kaglgulUshNTUNBWA
aunislaeldniyl MATLAB (150918821880 U09LUUI1889 LazAINITIHnsa199 Tu

LUUTIRBINIMLANLNT09LARINONETWUY Teuaueilog seninan1siaIsanAfium)
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Abstract

Thailand has regularly experienced small outbreaks of diphtheria over the last
20 years, despite high vaccine coverage. To eradicate diphtheria in Thailand, an
increased understanding of diphtheria transmission dynamics is needed. In this work,
we propose a mathematical model for investigating diphtheria transmission in
Thailand. The epidemiological states in our model are divided into 8 classes:
susceptible, symptomatic infectious, asymptomatic infectious, full natural-acquired
immune, partial natural-acquired immune, full vaccine-induced immune, and partial
vaccine-induced immune. The populations in all classes varied with Thailand’s
growth rate. The values of most of the parameters were derived from Thailand’s
circumstances. However, some values were chosen in a way that matched the reported
data. The simulation results for the number of incidences per 100,000 individuals
agree well with the number of reported cases obtained from the ministry of public
health. Our results also predict a possibility of outbreak in the future due to waning
immunity. Therefore, our work supports the important of having vaccine booster

doses.

1. Introduction

Diphtheria is an acute, toxin-mediated disease caused by the bacterium
Corynebacterium diphtheria (1). Transmission between persons is caused by the
spread of the bacteria from the respiratory tract of infected individuals (1). Diphtheria
was a major disease worldwide due to its high morbidity and mortality rates,
especially in person younger than 5 and older than 40 years, with a mortality rate of
up to 20% (1). However, diphtheria can be prevented using toxoid. At present,

diphtheria toxoid is usually packaged with the tetanus and pertussis vaccines and is

2
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known as DTP, which is a primary vaccine course for infants (1). After the expanded
program on immunization (EPI) was launched by the World Health Organization
(WHO) in 1974, the incidence of diphtheria reported worldwide has declined from 2
per 100,000 individuals in 1974 to approximately 0.2 per 100,000 individuals in 2012.

Even in the post-vaccine era, diphtheria outbreaks have still been reported in
some countries, such as the former Russian federations and developing countries,
including Thailand (2, 3). Very recently, in 2015, the first outbreak in 28 years was
reported in Spain (4). Many of the incidences that occur in this era are teenage and
middle-aged adults, who had been given vaccination at births (5). This raises
questions on how long the vaccine against diphtheria confers protection and how
often individuals need to receive the diphtheria toxoid.

In Thailand, diphtheria was also one of major diseases, with approximately 5.0
of incidences per 100,000 individuals in 1971 (3, 6). The EPI in Thailand was started
in 1977and resulted in the decline of confirmed cases to below 0.05 cases per 100,000
individuals at present. Despite the high childhood of DTP coverage, which has been
higher than 90% since 2000, sporadic outbreaks of diphtheria have been reported
repeatedly in Thailand for the last 20 years (3). The most recent outbreak occurred in
2012, with 41 confirmed cases (7). To eradicate outbreaks, the ministry of public
health of Thailand announced a mass diphtheria vaccination program for adults aged
20 to 50 years, which corresponds to approximately 40% of the population. At
present, the WHO recommends a booster vaccine every 10 years after the completion
of the primary dose (the first three doses, DTP3) (1). However, a booster is not
commonly carried out in most of Thailand.

One way to understand the epidemiology of diphtheria is to construct a

mathematical model that explains its transmission dynamics. This method is common
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for many diseases, such as pertussis (8). Unfortunately, mathematical modeling for
diphtheria has been lacking.

In this work, we propose a model for explaining the diphtheria transmission
dynamics in Thailand. The aims of the model are (i) to reproduce diphtheria cases
reported by the bureau of epidemiology, ministry of public health, and (ii) to predict

the diphtheria outbreak patterns that might occur in the near future.

2. Material and Methods

2.1 Disease characteristics

The toxigenic bacterium produces a toxin that inhibits cellular protein
synthesis and causes local tissue damage and pseudomembrane formation (1). The
basic reproduction number, which can be considered the number of cases that one
infectious subject can generate in an uninfected population, is approximately 6-7 (9).
The incubation period is 2-5 days and ranges from 1-10 days.The disease usually

persists for 2-4 weeks (1).

2.2 The compartmental model for diphtheria transmission and

vaccination

The scheme of the model is presented in Fig. 1. In this model, the
epidemiological states are divided into 8 classes: susceptible (S,andS,) ,
symptomatic infectious (/), asymptomatic infectious (A), full natural-acquired
immune (Rp), partial natural-acquired immune (Rp), full vaccine-induced immune

(Vg), and partial vaccine-induced immune (Vp).
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Fig. 1 Schematic diagram of the model structure. The possible pathways in the
model are represented by solid lines. The dotted line (from S to V) represents
the vaccinated pathway. Newborns are in the susceptible class S unless they
receive vaccination. The outflows of population (deaths) in any compartments

are not shown.

According to the international classification for diphtheria antitoxin level, an
antitoxin titer > 0.1 IU mL! is considered to be a full protective level, 0.01 ITU mL™"! <
antitoxin titer < 0.1 IU mL"! is a partial protective level, and antitoxin titer< 0.01 TU
mL! is unprotected (10). Susceptible state refers to an individual who has an antitoxin
titer lower than 0.01 TU mL"!. In this model, an individual can be a susceptible S
because he/she has never been given the vaccine or natural-induced antitoxin by
infection. It is known that the vaccine-induced antitoxin levels wane over time (6, 10—
12). Thus, we defined another susceptible class, S,, for an individual who lost the full
protective level of the antitoxin. Individuals in S and S,can be infected by individuals
who are in infectious states. For diphtheria, an infectious population may or may not
be symptomatic. Therefore, we divided infectious states into the symptomatic
infectious state,/, and the asymptomatic infectious state,A. After the contagious state,
any individual will develop antitoxin, which is called naturally acquired antitoxin.
Thus, another two recovered states must be defined in our model. An individual who
recovered with a full or partial level of antitoxin is denoted asRporRp, respectively.
Since the EPI program in Thailand was launched in 1976, the incidence of diphtheria
has been decreasing dramatically (1), as infants that were born since then have been
given vaccine. Individuals with antitoxins that are developed in this way are classified

as having vaccine-induced antitoxins. Infants who completed the primary vaccinated



124  program (3 doses of DTP) are, in the model, denoted by V. The partial protective
125  level, due to vaccine waning, of vaccine-induced antitoxins is defined in the model
126  and is denoted asVp.

127 The numbers of individuals in each epidemiological state are described by the

128  following set of equations:

ds;
dI;
130 E = C]ﬂ.i + CIZAiSZ,i - ]/IL - ,LLIL
dA,
131 =5 = CakiSi+ CadiSy; = vAi — uA,i
dRp;
132 dt'l = Cpyl; = MrRr; — URp,
dRp,
133 at = prli + nRRF,i - nRRP,i - ‘U.Rp,i
dsS,;
134 Wl =NrRp; +VA; + yVpi — Sz — US2;
dVg
135 dt NySi — MyVei — uVe; + uCy
dVp,;
136 dt Ve = MvVei — WVpu

137  where i (1 < i < 77) indicates the i*" province in Thailand. The descriptions and
138  values of all parameters used in the models are shown in Table 1.

139

140  Table 1 Epidemiological parameters and values used in the model.

Parameters Values
Basic reproduction number (R,) 6.5
Fraction of asymptomatic state from primary infection (C,) 0.8
Fraction of symptomatic state from primary infection (C;) 0.2
Fraction of asymptomatic state from secondary infection (C ;) 0.8
Fraction of symptomatic state from secondary infection (C;,) 0.2
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Fraction of being protected by full natural immune (Cr) 0.9

Fraction of being protected by partial natural immune (Cp) 0.1

Fraction of infants who receive diphtheria antitoxin at birth (C) Varied with time (see Fig. 1)
Rate of recovery from infection (y) 1/14 day™?

Rate of vaccinated immune loss(ny,) 1/(15 x 365) IUday™?
Rate of natural immune loss (1) 1/(15 x 365) IUday™?
The average reduction in transmissibility of A(«) 0.1

The average reduction in transmissibility of RrandRp(¢) 10°¢

The characteristic length constant(y) 115 km

According to equations mentioned above, susceptible S and S,individuals can
get infections through contact with I and A. The fraction of symptomatic (C;) and
asymptomatic (C4) infectious individuals was unclear. However, after analyzing the
incidences in Thailand from the outbreak in 2012, we found that the number of
carriers was much higher than that of confirmed cases (7). This implies that
C4should be larger than C;. In the model, we chose a value of 0.8 for C4. The force of
infection,A;, which is the rate at which a susceptible (S, S,)individual in compartment
i acquires infection from I and A (in any compartment) within a given time, is defined
as follows:

n
A = Z By (I +ad; + eRe + Rp)),
j=1
where f;; is the transmission rate from / and A at thej"compartment to S and S, at
theit"compartment. The coefficient a(0 < @ < 1)indicates the average reduction in
transmissibility of A. This parameter was included to ensure that asymptomatic
infectious individuals have a lower ability to transmit the disease than do

symptomatic infectious individuals, I. It has been documented that even individuals in
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recovered states (Rp, Rp) can be carriers for the disease. Thus, a similar concept was
applied to the parametere, which indicates the average reduction in transmissibility of
Ry and Rp. The fraction of symptomatic infectious,/, that changes to the recovered
state with full or partial protective antitoxin levels is denoted by CrorCp, respectively.
To the best of our knowledge, these fractions have never been reported. The values
chosen for Cr and Cp in our modelwere 0.9 and 0.1, respectively. Without showing
any symptoms, asymptomatic infectious individuals should not be able to develop the
antitoxin, and we thus assumed that asymptomatic infectious A will be transformed
directly into S, within 14 days.

The rate of waning immunity has been reported previously (10,13—-16). The
values in these reports are different due to the different diphtheria epidemiology
observed in each country. In 1992, Bottiger and Petterson calculated the rate of
antitoxin loss in Swedish people of under 23 years of age (16) and estimated the rate
of antitoxin loss to be 0.005-0.011U year!. Swart and co-authors (10) published the
loss rate that was analyzed from 1995/1996 and 2006/2007 serosurveys in the
Netherlands. The estimated rates of antitoxin loss for the years 1995/1996 and
2006/2007 were -1.20In(JU/ml)and -1.19In(IU /ml) perIn(year) , respectively.
Another report by Amanna IL et al. found that the rate was approximately1/30 U
year'(13).Very recently, Hammarland et al. estimated the duration of seroprotective
antitoxins (> 0.01 IU mL") and obtained a value of 42 years(14), which is equivalent
to 1/42 IU year!. In our model, Vr decays to Vp at the rate n,, and Vpdecays to
S,atthe same rate. The value of 1, was chosen to be1/15 IU year™ or 1/(15 X 365)
IU day!, which is equivalent to a protection period of 30 years.

Similar tovaccine-induced antitoxin, natural-acquired antitoxin should wane

overtime. Therefore, Rr will be transformed into Rp at the rate nz. The naturally
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acquired antitoxin level will continue to decline to levels under 0.01 IU/mL, which
means thatRp willdecay to S,. For simplicity, the naturally acquired antitoxin waning
rate was chosen to be equal to that for vaccine-induced antitoxin.

As mentioned above, all infants S are required to complete primary doses of
DTP. However, only a fraction C, of infants receive the completed doses. In
Thailand, the childhood vaccine coverage C, has been higher than 90% since 1990

(17).

2.3 Contact matrix and transmission matrix

The contact matrix, M = [Mi j], describes the number of contacts from any

two individuals between the i*" and j* provinces and is given by

M. = PiPj

l D;:
1+(J)
To

29

where pye; ; is the population density in province k (the population in province k
divided by area of province k). The distance between the provinces indexed as i and j
is described by the distance matrix D;;. The characteristic length scale of the distances
is ry = 115 km, which is approximately the average size of the provinces. The
transmission matrix,f,is obtained by multiplying the contact matrix with the scaling
factor x, as follows:
B =M

The scaling factor can be obtained by using the following expression:

Ry = max(Eigenvalue(KM/y)),
whereR,, is the basic reproduction number, and N = B/y = kM /y is the next

generation matrix (18).
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24 DTP vaccination schedules and coverage in Thailand

In 1977, a nationwide vaccine program for infants was launched. The
recommendation of DTP vaccine started with 2 doses. In 1982, the recommended
number was 3 doses. From 1992 to the present, the recommended number was 5
doses, given at ages 2, 4, 6, and 18 months and 4-6 years (1). The DTP coverage rate
was at 12.3% in 1980 but rose dramatically to 92.2% in 1993 (19). Since 2003, the
coverage rates have been as high as 98% (19). Note that the DTP coverage rates
mentioned above refer to 1-3 doses of DTP (DTP1-3), which is considered as a
primary dose. As such, individuals under 23 years should have acquired 5 doses of
DTP (coverage of DTP5 is 54.5-90.3%), whereas individuals aged from24-37 should
have acquired 2-4 doses (coverage of DTP3 and DTP2 are 45.3% and 12.3%) (19).
Persons aged more than 37 years received no doses because they were born before the

initiation of the EPI program.

2.5 Population
The simulations were started by introducing 10 incidents in each 6 provinces,
province id = 2, 24, 73, 74, 75 and 76, which usually report more incidences than

other provinces, Fig 2.

Fig 2 A map of Thailand indicating the positions of province id = 2, 24,73, 74,75

and 76 [20].

Initially, the system included only susceptible (S), infectious (I) and
asymptomatic infectious (A) individuals. Then, the system was allowed to evolve for

50 years, with a constant population of 1960. After the system reached equilibrium, it

10
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was then evolved with a varying population for 50 years. The birth and death rates
were chosen to reflect Thailand’s population between 1960 and 2010. The death rate
used in the model was u = 1/(70 X 365) day~?!, which reflectsa life span of 70

years, and the birth rates varied.

3. Results and discussion

The proposed mathematical equations for describing diphtheria transmission
in Thailand were solved numerically. The simulations were divided into two time
intervals, the years 1977 — 2014 and 2015 - 2030. The aim of the simulations in the
first time interval was to fit our modeling results with the reported cases, whereas the
aim of the simulations in the second time interval was to predict whether there would
be an outbreak in the near future.

A comparison of the number of incidences per 100,000 individuals from
simulation and reported case is shown in Fig. 3. The number of reported cases has
decreased dramatically since the introduction of the national vaccine program in
1977. After 1995, few confirmed cases have been reported each year, which indicates
the efficiency of the national DTP vaccine program. However, the sporadic outbreaks
that occurred in 1994, 1996, 1999 and 2012 suggest the need of an improvement in
the vaccine program to fully eradicate diphtheria in Thailand (3, 7). The results of the
simulation review showed a very similar trend of decreasing cases, except for the
small outbreaks in the 1990s and 2012. Therefore, our model, when used together
with the chosen parameter values, could help us better understand diphtheria

transmission in Thailand.

11
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Fig. 3 Incidence per 100,000 individuals from reports (dotted line), simulation

(green) and vaccine uptake (red) in Thailand from 1977 to 2014.

Simulations in the second time interval were done by allowing the simulations
to evolve after 2014 with the same population growth rate of 2014. Interestingly, the
simulations showed an outbreak in approximately 2020 (Fig. 4), which will be due to
an increase in the number of secondary susceptible (S, ) individuals due to
immunization waning (Fig. 5a). This result suggests the need for vaccination boosting
in adults, as recommend by the WHO. Additionally, Rr and Rp showed a downward
trend since the immunization program was launched, due to a decrease in infectious
individuals (Fig. Sb). The vaccinated classes, VyandVp, have increased rapidly
between 1980 and 2000 due to the larger vaccination coverage of infants. However,
Vrphas grown slower since 2005 because the births rates are lower and vaccine
administration reached its saturation. The number of infectious individuals (/) and

asymptomatic infectious individuals (A4) revealed the same downward trends (Fig.

5¢).

Fig. 4 Prediction of diphtheria outbreaks in Thailand. The simulation reveals a

possibility of outbreaks.

Fig. 5 Fractions of susceptible (§), secondary susceptible (S), full natural-
acquired immune (Rf), partial natural-acquired immune(Rp), full vaccine-
induced immune (V), partial vaccine-induced immune (Vp), infectious (I) and

asymptomatic infectious (4)from 1977 to 2030.
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As mentioned above, the international classification of diphtheria protection
level are (1) susceptible (antitoxin titer< 0.01 IU ml!), (2) basic protection (antitoxin
titer 0.01-0.1 TU ml") and (3) full protection (antitoxin titer> 0.1 IU ml'). Fig.6
shows the fractions of each protective level. We defined (i) full protection as a
combination of Vrzand Rp and (ii) basic protection as a combination of VrandRp and
susceptible (no protection) as a combination of Sand S, . Because of waning
immunity, the fractions of protective levels (basic and full) are lower than that of no
protection. However, when the vaccine uptake is at a higher level (after year 2000),
the fractions of protective levels are higher. This is because most of the newborns
flowing into the system are transformed to Vi, and only a very small portion will
remain in S. In 2016, for example, the fraction of individuals with no protective level
is approximately 0.65, which is still high. Thus, there is a risk for outbreaks to occur.
This may explain why sporadic outbreaks have been detected in Thailand, despite the
high vaccination rate. Our results also indicate that the fraction of individuals with
full protective levels is higher than that with basic protective levels, which is
consistent with the works by Wanlapakorn et al (19) and Bansiddhi et al (6). Our
results suggest that most Thais are still susceptible to diphtheria, which leads to
possibility of future outbreaks. Therefore, the goal of eradicating diphtheria from
Thailand may not be accomplished by infant vaccination alone, and Thailand should
perform vaccination boosting in individuals every 10 years, as recommended by the

WHO.

Fig. 6 Distribution of antitoxin level: No protection, basic protection and full

protection of total population from 1977 to 2030.
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4. Conclusions

We have proposed a mathematical model for describing diphtheria
epidemiology in Thailand after the EPI program was launched in 1977. The model
considers Thailand to be a system of 77 compartments, which corresponds to its 77
provinces. Each compartment includes8 epidemiological classes, as follows: primary
susceptible (S), symptomatic infectious (I), asymptomatic infectious (A), full natural-
acquired immune (Rg), partial natural-acquire immune (Rp), secondary susceptible
(S,), full vaccine-induced immune (V) and partial vaccine-induced immune (V). The
epidemiological paths connecting these classes are described in section 2. To
characterize these 77 provinces, a contact matrix relating population density and
distance between two provinces is proposed. The 77 sets of mathematical equations
were solved numerically, with some estimated parameters. We found that the numbers
of infectious individuals per 100,000, as determined from simulations, are consistent
with the reported cases. The model also predicts the possibility of outbreaks in the
future due to the presence of a considerable portion of secondary susceptible, S,, in
the system. Therefore, our work supports the need for providing vaccination boosters

in Thailand.
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