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In Vietnam, live bird marketare found in most populated centers, providing the means by which
fresh poultry can be purchaseg consumergor immediateconsumption Live bird markets are
aggregation points for large numbers of poulindthereforeit is common for a range of avian
influenza viruses to be mixedithin live bird marketsas a result of different poultry types and
species being brought together from different geographical locations. We conducieds
sectional study in sevdive bird marketsn four districts of Thua Thien Hue provinge August
and December,;.2014. The aims of this study were to: (1) document the prevalesdanof
influenzain live bird markets(as measured by virus isolatiop@nd (2)quantify individualbird-,
seller, and marketevel characteristics that rendered poultry more likely tepdstive foravian
influenzavirus.at.the time of saléd questionnaire soliciting details of knowledge, attitude and
avian influenzapracticeswas administered to poultry sellers study marketsAt the same time
swabs and fecal samples wedlectedfrom individual poultry and submitted f@olationof avian
influenza virusThe final dataset comprisedmplesrom 1,629 birdsfrom 83 sellers irthe seven
live bird markets. A total of 113 birdgerepositivefor virus isolatior aprevalence of 6.9 (95% CI
5.8 to 8.3) avian.influenza virus positive biggksr 100 birds submitted for sale. After adjusting for
clustering at the markeaind individual selletevel, none of the explanatory variables solicited in
the questionnaire were significantly associated vatan influenza virus isolatiopositivity. The
proportions of variance at the individual markeseller, and individualbird-level were 6%, 48%
and 46%, respectivelyWe conclude that the emphasisawfan influenzacontrol effortsin Vietham

should be atthndividual seller as opposed to thmarketlevel.

Key words: Aviansinfluenza, live bird marketsnulti-level modeling sellerlevel, Vietnam
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Introduction

Live bird"markets (BMs) are known to bereservoirsand transmission hub for avian
influenza virusesAlIV) (Biswas et al., 2015)n Southeast Asian countridsBMs are ubiquitous
and integracompnentsof the semtintensivepoultry industies that are common in this part of the
world (Wan et al., 2021Indriani et al., 201D In Vietnam, LBMs arefound in most populated
centers,providing the means by which the majority of the populatmcess fresh poultry for
immediate consumptiofFournié et al., 2012). BRMs tend to be small scaleoperationswhere
poultry are mixed. together with other animalsider condions of relatively poorinfrastructure
mostly trading poultryderivedfrom household and sersommercial enterprises situated clgs®
the area in which marketre located(Phan et al., 2012)n LBMs, it is common fora range of
subtypes of A¥=to be mixed as a result of different poultry types and species being brought
together from different geographical locatiofis et al., 2015). In Southeast Asidighly
pathogenic avian influenza BAI) viruses are known toirculate inLBMs (Biswas et al., 2015
Nasreen et al., 201Bguyen et al., 2033 han et al., 20tdndriani et al., 201pand it hasheen
hypothesized that LBMs mahacilitate the emergence and spread of m@al reassortantslue to

close contact amosgthe infected bird¢Zhou et al., 2015)Furthermore,tihasalso beenshown
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103  that in China,human infectionswith AlV, in particulay of the subtypedH5N1 and H7NO9are

104  associated with recent exposure to poultry in LEMset al., 2015; Wan et al., 2011).

105

106 An effective strategy for reducing thi&elihood of AlV transmission to the general public is to
107  closeLBMs indefinitely (Yu et al., 2015He et al., 2014; Wu et al., 201.4This approach was used
108 in the outbreak oHPAI that occurred in the Hong Kong Special Administrative Region of the
109  People’s Republic.of China it997 (Chan, 2002)Although this strategy is effectivier redudng

110  the risk of AM infection it is an unpopular approachkith poultry consumergéScoones, 201(gnd

111 difficult in terms’ ofpromoting effective long term control of Al because poustejlersthat are
112 displaced from.LBMs that have been closexd torapidly establish ‘black market’ poultry trading
113 locations Vietnam Department of Animal Health, personal communication, 2014). For these
114  reasons a less draconiarmapproachhas beento adopt interventions aimed tonprove LBM

115 biosecurityand hygiene. In this way, the risk ofMAinfectionwithin LBMs can be minimized and,
116  at the same time, poultry tradan bepermitted to continudn a previous studythe characteristics
117 of LBMs with improved infrastructure (‘intervention LBMsiy = 3) were compared with those
118  operating in a routine maan (n = 6) under the Vietnam Avian and Human Influenza Control and
119 Preparedness,Project (VAHIR) ThuaThien Hue provineg, in the central region dfietnam (Chu

120 et al., 2016; VAHIPWorld Bank Group, 2015)The study showed thatiPAl H5N6 viruses were
121 isolated from apparently healthy duckduscovy ducksand environmental sampl@s one of the
122 intervention"BMsAlthough the number of LBMs that took part irestudy was small, it appears
123 thatphysicalimprovements irthe market biosecurity and hygienedlitle appareneffecs on the

124  prevalence oAlMsamongst poultnpresenfor sale at those markets.

125

126 In this study, the data of Chu et @d016)were used to identifgharacteristics associated with
127  the presence 0AlV in poultry submitted for sale aevenLBMs in Thua Thien Ha province

128  Vietnam.Our specific aims were t@1) document the prevalence of\Ain seven LBMsthat took

129  part in this study and compare the prevalence &f pbsitive samplesmongstintervention and
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non4intervention marketsand(2) quantify bird, poultry seller and marketevel characteristics that
rendered individual birds more likely to be\Alsolationpositiveat the time of salddentifying the
relative importance of factors influencing the poultry submitted for sale at LBBIIigical first
step towards.the design of evidetiimsedbettermeasures to reduce the number of/ Adositive

birds (and therefore the risk of virugection) within LBMs in Vietnam.

M aterials and.methods
Study design and study area

A crosssectionalstudy was carried ouh sevenLBMs in four dstricts of Thua Thien Hue
province (Figure.land Table }, Viethamin August and December, 2014t three of theseven
LBMs, biosecurity’had been improved as part of th¢\P program in Thua Thien Hue province
In intervention LBMs there was a goodstandardof infrastructurewith poultry from different
sources physically separatey theseller, besidesdisinfection procedures were performed twice, in
the morning and eveningn a given sale dayrhe otherfour (non-intervention). BMs were wet
markets at which-no particulamtensive biosecuritynterventions were carried oand at which
poultry and other animals were mixed togethederrelatively low biosecurity conditionsdetails
are described\ihu et al. (2016).

Each of /theLBMs were visitedby the investigators (I C, TNN andLVN) and Sub
Departmenbf Animal Health SDAH) staff of Thua Thien Hue province on two occasions: August
and December=2014. At the time of each marksit, a list of all poultry sellers present was
obtained from_the market manager. Each poultry selbs oontacted withthe investigatorand
samples werestaken from individulirds for AlV isolation At the conclusion of sampling

guestionnaire (described below) was administered to the poultrysseller

Laboratory procedures
Oropharyngeal,cloacal swabs and fecal sample®re collected from chickens, ducks

Muscovy ducks for each poultry seller on each of the two sampling rounds. For eacthéird
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oropharyngeal and cloacawals were collected ina sterile tubewith transportmedium as
describedy Chuet al.(2016) Samples were tharansported to thBlational Center for Veterinary
Diagnostics(NCVD), Hanoi, Vietham At the NCVD, thesamples werg¢ested for the presence of
influenza type A viruss (M gene detectionusing real time RT-PCR All samples were then
prepared fotransfer to thd.aboratory of MicrobiologyDepartment of Disease Control, Graduate
School of Veterinary Medicine, Hokkaido University, Sapporo, Japhg. shipment of samples
containing AlVwas.classified int@iological SubstanceCategory B following the instruction®f
the Internatignal Air Transport Association (IAYAn Dangerous Goods Regulatidvianual
(Pearson, 2007 At the Laboratory of Microbiologyall samples were submitted fairus isolation
After which, representative isolatesuch as H5H6, and H9 AlV, were phylogenetically and
antigenically "analyzed to characterize the genetic and antigenic variationVsf cirrently

circulating in'LBMs in Vietnamfurther detail is providedy Chu et al. (2016).

Questionnaire and interview

A questionnairedevelopedo solicit details of knowledge, attitudes and practices concerning
AlV was developed by the authors in conjunction with sfaffim the Viethames®epartment of
Animal Health (DAH) Hanoi A copy of the questionnaire is available from the corresponding
authorson request. The questionnaire was developed in Viethameseagcomprised o5 open
and two closed._questions organized into the following sectig¢h¥.demographic details of the
seller, (2) a"desecription of the source and typeotiltry on sale on the given market dand(3)

details ofAl biosecurity measurdgpically used by the seller.

A totalrof 83 faceto-face interviewswith poultry sellerswere carriedout over the two
sampling rounds in the seven marké4® in intervention and 38 in nentervention LBMS)
Questionnaire surveyere administered byained interviewers from th®DAH of Thua Thien Hue
and theDistrict Veterinary Statios of each of the districts in which the study markets were located.

Interviews were carried out witissistance frorBDAH veterinariangocated in communes adjacent

This article is protected by copyright. All rights reserved



184  to each marketDAH staff provided technical supervision and assistance during each market visit
185 One average, the length of time taken to visit all of the sellers within a market and to complete
186  sampling and administration of the questionnaires was two @aysmum 1 day; maximum 7
187  days).

188

189  Data management

190 Questionnaire.responses for each sampling rowerd entered into a relational database with a
191 numeric poultry seller identifieragésignedat the time of interviewn the first roungl usedas a
192 unique keyTheresults ofAlV isolationwere entered into this database as a separate Talgldéwo

193  tables were linked. within the databaseng the uniqueoultry seller identifier

194

195  Statistical analyses

196 The prevalence oAlV at the individual bird level was calculated the total number of
197  individual bird samples that wewlV positive as thenumerator and the total number lofds

198  sampledas the denominator.

199

200 Unconditienal _associations betweguoestionnaire responsethd explanatory variablesand

201  the outcome ©f interegthe presence or absenceifV in an individual birdwerecomputed using
202 the odds ratio..Explanatory variables with unconditional associations at the P < 0.2-kdel)

203  were selected formultivarisdmodelling.

204

205 A fixed-effeets’logistic regression model was developed where the probabittpiod being
206  AlV positivity was parameterizeds a function of then explanatory variables with unconditional
207 assaiations significant at P < 0.2&s described above. Givepn= P(Y; = 1) and assumingthat

208 Y; are mutuallyindependent, this model takes the form:

log (1 fip,) = Pot Brxy + 0t PrnXmi + € Equation 1
l
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209 In Equation 1, represents the intercept term afd..., 5,, represent the regression coefficients
210 for each of them explanatory variablescluded in the model. Explanatory variables that were not
211  statistically significant were removed from the model one at a time, beginning with the least
212 significant, until theedimated regression coefficients for all explanatory variables retained were
213  significant & an alpha level of less tharDB. Explanatoryariables that were excluded at the initial
214  screening stage were tested for inclusion in the final model and wergedetaithe model ithey

215 changed any,of.the estimated regression coefficients by more than 20%. Biologicallylglaws

216  way interactions were tested and none were significant at an alpha level of 0.05.

217

218 To account fotack of independence arising fraitme hierarchical structure of the data, that is,
219 individual birdselustered withirseller and sellers clustered within sampling rounds and mawkets

220 extended the:model shown in Equation 1 to a medelcts model:

log <1 gl]; _k> = Po + BiXajie + - + BnXmiji + My + Sj + € Equation 2
ij
221 In Equation 2; ;, representshe probability ofbeinginfluenza A virus isolatiorpositive for

222 theith birdfrem thejth sellerin the kth market ParameteM, is a zero mean random effect term
223  with variances? representing the influence of thdh market on the probabilitpf being AlV
224  positive. Similarly, parametes;, is a zero mean randoeffect termwith variancesZ representing
225 the influence'ef thgth seller in thekth market on the probability dfeingAlV positive.Our reason
226  for including§;, andM, in the model was to account for unexplained ektremial variation
227  operatingat theseller and marketevelon Al V risk.

228

229 Frequency histograms of the residuals from the multilevel model and plots césibeals
230 versus predicted values were constructed to check that the assumptions of normality and
231  homogeneity of variance had been met. In the multilenetlel, the level 1 individual bird
232 variance was constrained to 1 (that is, no eBin@mial variation was permitted). Because this

233 variance was expressed on the binomial rather than the logit scale, the estimates of the proportion of
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234  variation of each level of the hierarchypdrket seller, and birg were computed assuming the level
235 1 variance on the logit scale wa%/3, wherer = 3.1416. This calculation is based on interpreting
236 the presence or absence of virus isolation as the result of an unglddient process with a
237  cortinuous, logistic distributiofSnijders and Boskesat al, 1999).

238

239 Descriptive analyses, the unconditional measures of association afixetheffects logistic
240 regression modsiwere carried out using version 3.2.3R Development Core Team 201@he
241 mixed-effects model waslevelopedwith MLwiN (Rasbash et al., 2013)sing the R2ZMLwiN
242 package (Zhang'etal., 2016) in R.

243

244  Results

245 Descriptive statistics and unconditional associations

246 Table 1ldescribeshe structure of the dat@ihe final dataset compriseftails from1,629 birds
247  from 83 selleran sevenLBMs in seven communes iiour districts of Thua Thien Hue province.
248 The average number dfirds sampledper sellerover the study period was 20 (minimum 2;
249 maximum 142). The average number of sellers per market was 21 (minimum 6; ma3@nu

250

251 Table 2 presents the 1§uestionnaire derivedxplanatory variablethat were associated with
252  virus isolationpositivity at P < 0.2Most of the birds sampled were sold by womeb%& of1,629;
253 96%) and the odds' of birds sold by womsellersbeing ANV positive was 0.57 (95% CI 0.27 to
254  1.22) times that of birds sold byalesellers A relatively small proportion of birds were sold by
255  sellers with highsschool education (71 g629) and theodds of birds sold by those withigh
256  school education being XI positive was 2.68 (95% CI 1.17 to 5.90) times that of birds sold by
257  those with no formal education. Most of the birds submitted for sale were sowsoethe same
258 commune as the commune in which the market was located (1,128 of 8982Pand the odds of
259  birds sourcedrom the same commune being\Apositive was 0.36 (95% CI 0.25 to 0.53) times

260 that of birds sourced from different communiglast (1,050 of 1629;64%) birdswere handled by
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their sellers without gloves and a similar proportiofp3¥ of 1629;64%) were handled without
the seller washing their hands afterwardéile the number of birds sold by sellers who had
attended an Al training course was relatively high (968,629; %) only 11% (180 of ,629)
were sold by sellers who were confident of the clinical signs of Al and a high propor88a (i
1,629;82%) of birds were sold bthosewho believed that control of Al would have a positive
effect on their business. A totall 1,144 of the 1629 birds (70%) were sold tte threentervention

marketswhich-had.a higher volume of sale than the non-intervention markets.

Figure 2¢'demonstrates thevariation of AIV isolation positivity prevalence amongst
intervention and.nointerventionLBMs. After the 29 roundof samplingtherewasno reduction of

AlV prevaleneeyireitherthe interventioror noninterventionLBMs.

Multivariableflogistic regression analyses

Estimated regression coefficients tbe effect of the district in which the market was located
andestimates of the variabilitgf the market and selledlevel random effect terms from the mixed
effects model are provided in Tablg. In the mixedeffects model, districtwas retained as an
explanatory variable becaua@riori it was considered to comprise part of the hierarchical structure
of the data.None of the explanatory variables that were associated with the risk of Aihg

positive at the P.8.2 level were statistically significant in the fimaixed-effects model.

After adjusting for theeffect of the district in which a given market was locatethe
proportions of«variance at thedividual market, seller, andindividual bird-level were(0.4041
(0.4041 + 313652 + 72/3) = 0.06, (3.3652 =+ (0.4041 + 3.3652 + w2/3) = 0.48 and (72/

3 +(0.4041 + 3.3652 + m2?/3) = 0.46, respectively.There were relatively large numbers of
sellers and individual birdshere AN likelihood was positively associated withnmeasured seller

level as well adird-level effecs. The identifiers of the 83 sellers were sorted in order of their
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287 estimated random effect terms and an error bar plot produced showing the poiateesfi the
288  sellerlevel random effect (and its 9586nfidence interval) as a function of seller rank (Figure 3).
289

290 Discussion

291 This wasa@ crassectional study tquantify the prevalence of Xlin poultry submitted for sale
292 at severLBMSs in Thua ThienHue province, central VietnamAcross the two samplingpunds,a
293 total of 113 out,of the,629sampled birdsverepositivefor the Al'V, with a prevalence of 6.9 (95%
294 CI 5.8 to 8.3) AV positive birds per 100irds submitted for sale. M positivity varied ly market
295 andsamplingfroundFigure 2)with the intervention markets having a relatively low prevalence of
296  AlV in the first.round and marked variation in positivity prevalence in the secondhé-ooh
297 intervention marke{she prevalence of M positivity was variableacross both sampling rounds.
298  Our ability to.draw definitive conclusions from these data is limited given the relatively small
299 numbers of markets in the intervention and-imdervention group# eachsampling roundAt the
300 very least, it is evident that Xl positivity amongst poultrysubmitted for sale at LBMgariesover
301 time and the prevalenad AlV positivity in birds sampled from LB&lon one occasion will not
302 necessarily bsimilarto the prevalence of positivity on a second occasfaampling of live birds
303 for AlV isolationis to be carried out in futurgtudies,and ignoring the effect of clustering of\Al
304 positivity at the sellefevel we estimatahatat least580 birds need to be sampled and tesiethe
305 95% level of confidence under the estimation of 6.9% of the esgppotvalence introduced from
306 the presentsstudyand desired absolute precision of 2.1% which is equal to 30%exbebtd
307 prevalencdThrusfield, 2007)

308

309 While semequestionnairaesponses were significantly associated with Alositivity at the
310 unconditional leveladjustment for confoundingsingthe mixedeffects logistic regression model
311 renderechone of the questionnaix@riablessignificantly associated with M positivity. There are
312  two explanations for these findings. Firsilyis possible thaa considerable amount of confounding

313  was present in the data which meant that after adjustment the association between each of the fixed
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314  effect explanatory variables and the study outcaragno longerstatistically significantA second
315 explanation is thathe number of birds sampled in our study provided insufficient power to detect
316 associations betweecertain explanatory variables and the outcambehe alpha level of 0.05
317  (Altman and Bland, 1995%s indicatedmorebirds weresoldin interventionthan norintervention
318 LBMs (Table2). Althoughthis was more than likely to be the case $omeexplanatory variables
319  where the prevalencef exposure for AV positive and negative birds was simil@.g. gender,
320 where thepropertion of AV positive birds sold by females was 0.93 and ghaportion of AV
321  negative birds sold by females was 0.8&Yas not so for others, for example whether or not sellers
322  sourced theirbirds from the same commune as the LBM (Table 2

323

324 In the multivariable modehe inclusion of market seller and individual birdrandom effect
325 terms wasisefulin terms of providing an indication of the proportions of variance W pdsitivity
326 that wasexplained'by unmeasuredfectsoperating at eacbf the thredevels. This extension to the
327 model was informative because it provided the opportunity to distinguish the infloértbe
328 individual bird, the seller and the market in which birds were sold on the risk of beihgaoaitive.
329  Our mixedeffects logistic regression mddghows that only 6% of the variation in\Alpositivity
330 risk was at the market levelhereas 48%nd 46% of the variation in M positivity risk wasat the
331  seller and individual birtevel, respectively(Table 3. These findingsndicatethatcharacteristis of
332 the seller (apart.from those measured in the questionnaire) and the birds thesisrlicebe much
333 morelikely*tercontribue the AIV positivity prevalence. Furthermoref the 45 interviewedellers
334  selling their birds in intervention LBMs in which the odds of the sellers in the intesnegitoup
335 being AlV positiverbird was 3.59 (95% CI 1.39 to 9.96) srtieat ofthos in the norrintervention
336 group of 38ssellers Our inference from these findings is that the emphasiélatontrol efforts
337 need to beat the individual sellerlevel rather than the markégvel. Furthermore,d be effective,
338 interventions need taecognize thasellersat LBMs are aliverse group demographically (Table 3)

339 and, ideally, intervention measures shadaldjetspecific demographic groupings. Encouragingly, at
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the bivariate levelat least), those sellers that attended a training course had a reduced risk of

having AlV positive birds.

If it is assumed.that M enter a market vipoultry submitted for sale by imddual sellersit is
perhaps not surprising that only 6% of the variation iV Adositivity risk was due tdactors
operating at the markétvel. This finding is biologically plausible, since birds enter a market on a
given sale day.from aumberof geographic locations and it is reasonable to expect that the risk of
virus entry into a market depends largely on the location from which birds arecsdiBd4s are
licensed or registered under local lawofmerate from a fixed address and must haser@éficatefor
tracking the source dbirds introduced into the market on a given d&gcauseLBMs are the
congregation-point for relatively large numbers of (presumably)aMe birdsthey representleal
surveillance points foestimation ofAl prevalence(Trock et al., 2008)Poulty remairs in the
LBMs environment for a relatively short period of tir(tgpically one to twodays) so the riskof
within-market spreadf AlV is likely to be small.Thelength of time birdss kept in anLBM, the
effectiveness of disinfectioand biosecurityproceduresnay therefore contrib@tto the prevalence
of AIV positivity, although based on our findings the contribution of market effects ®h Al
positivity prevalencevasrelatively small.We expeatd thatwithin market transmissioaf AlV to
be less in the interventionBMs. However,field observations shosd that therevere periodic
lapses in cleaning. procedures including incomplete coverage of disinfectant arfidiisggfectants

diluted at incorrect'concentrations.

A limitatiensof‘this study is thabur observationsvere based on a crossectional survey in
which LBMs were sampledn only two occasiongand theinterval between the twsampling
roundswas relativelyshort @pproximately 3 monthsReports from market managers aswllers
abouttheir biosecuritypractices in the LBMs were nwérified. Althougharound 60% of birds were
handled by sellers who did not use glouteis likely that this proportiorhas beemunderestimated

because obbsequiousnessn behalf of questionnaire respondents (thasédlers altering their
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responses to a given question to conform with the perceived expectations of the person

administering the questionnaire).

Conclusion

The prevalence of M positivity in poultry submitted for sale at the LBMs included in this
study was 6.9 (95% CI 5.8 to 8.3) Vlpositive birds per 100 birds submitted for saidter
adjusting for clustering at the markaind individual selletevel none of the explanatoxariables
solicited in thequestionnaire were significanthssociated with Al postivity. A relatively small
component of'the variation in Xl positivity risk was at the individual markktvel. We conclude

that the emphasis.of Al control efforts should be astikerlevel rather than markde¢vel.
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Table 1. Structure of the data from 1,629 individual bird samples from 83 sellers in seven live

bird markets

Number per unit at next-higher leve

Level Number

Mean Range
District® (highest level) 4 — —
Live bird market 7 2 1-3
Seller 83 21 6-32
Birds sampled 1,629 20 2-142

#Each district had mean number, 2 (range3) live bird markets.
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Table 2. Unconditional associations between the outcome variable (virus isolation positive) and

the sixteen explanatory variables

Variable VI positive  Birds OR (95% CI) P-value
Gender:
Female 105 1,558 1.00 Reference
Male 8 71 1.76 (0.76-3.56) 0.15
Education:
None 18 281 1.00 Reference
Elementary 35 497  1.11 (0.62-2.03) 0.73
Middle school 49 780 0.98 (0.57~1.75) 0.94
High schogl 11 71 2.68 (1.17-5.90) 0.01
Number of yearsitrading:
1-5 years 7 294 1.00 Reference
6-10 years 79 922 3.84(1.88-9.25) <0.01
Over 10 years 27 413 2.87 (1.30-7.23) 0.01
Do you source"birds from the same commune as the market?
No 60 501 1.00 Reference
Yes 53 1,128 0.36 (0.25-0.53) <0.01
What is the.cause of avian influenza (Al)?
Unknown 34 627 1.00 Reference
Bacteria 1 10 1.94 (0.10- 10.8) 0.53
Virus 78 992  1.49(0.99-2.28) 0.06
Do you separate,ducks and chickens at the market?
No 99 1,490 1.00 Reference
Yes 14 139 1.57(0.84-2.75) 0.13
Do you washryourshands with soap after handling poultry?
No 58 1,037 1.00 Reference
Yes 55 592 1.73(1.18-2.54) <0.01
Do you weargloves when handling poultry?
No 81 1,050 1.00 Reference
Yes 32 579 0.70 (0.45-1.06) 0.10
Are you confident of the clinical signs of Al?
No 49 828 1.00 Reference
Not sure 58 621 1.64 (1.16-2.44) 0.01
Yes 6 180 0.55(0.21-1.20) 0.17

Do you believe personal protective equipment will protect you from Al?
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No
Not sure

Yes

What benefit will Al control have for your business?

Very little
Not sure
A lot
Why do younetuse PPE?
No answer
Cost money.
Inconvenience
Are your poultry’kept at the market overnight?
No
Yes
Have you attended a course on Al?
No
Yes
Market type:
Non-intervention
Intervention
Sampling round:
The T' (August2014)
The 2 (December 2014)

28
56
29

103

57

51

45
68

57
56

40
73

64
49

599
695
335

166
132
1,331

818
143
668

769
860

661
968

485
1,144

1,078
551

1.00
1.79 (1.13- 2.89)
1.93 (1.13- 3.32)

1.00
0.13 (0.01- 0.72)
1.46 (0.77- 3.16)

1.00
0.48 (0.17- 1.12)
1.10 (0.74- 1.63)

1.00
1.38 (0.94- 2.05)

1.00
0.65 (0.44- 0.95)

1.00
0.76 (0.51- 1.14)

1.00
1.55 (1.05- 2.27)

Reference
0.01
0.02

Reference
0.06
0.29

Reference
0.13
0.62

Reference
0.10

Reference
0.03

Reference
0.18

Reference
0.03
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1 Table 3. Estimated regression coefficients from a mixed-effects logistic regression model

Explanatory variable VI positive® Total® Coefficient (SE) P-value OR (95% ClI)

Fixed effects

Intercept 113 1,629 -2.5280 (0.4291) <0.01 —
District:
Huong Thuy. 48 606 Reference 1.00
Phong Dien 17 436 -0.6857 (0.7063) 0.33 0.50 (0.13- 2.01)°
Phu Vang 48 587 0.0193 (0.6470) 0.97 1.02 (0.29- 3.62)
Random effect® Variance SE
Market 113 1,629  0.4041 0.3812
Seller 113 1,629  3.3652 0.6935

2 *Number of bird samples were positive with avian influenza virus isolation.
3  Total of bird samples.
4 © Interpretation; The proportion of Al virus isolation positive poultry from sellers from Phong Dien
5 was 0.50 (95%:C1'0.1:32.10) times that of poultry whose sellers were from Huong Thuy.
4 Variance and standard error of the variance of the random effect terms.
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