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Live poultry markets (LPMs) are a recognized source of influenza viruses. Since 2001 and 2003, 

respectively, a first and second monthly “rest-day” has been implemented in Hong Kong’s LPMs, when 

stalls are cleared of unsold poultry and disinfected. We assessed the incremental effectiveness of 

each rest-day and the banning of live quail sales in 2002 in reducing influenza A H9N2 subtype 

isolation rates for chickens and minor poultry, by using a multivariable Poisson generalized linear 

model. There was a 58% reduction (p = 0.001) in virus isolation after 1 monthly rest-day in minor 

poultry compared with 27% (p = 0.22) in chickens. Combining 1 rest-day with the removal of quails 

further reduced virus isolation in chickens but not in minor poultry. However, an additional rest-day 

each month did not appear to affect isolation rates for either species. 

The abundance and diversity of avian influenza viruses in live poultry markets (LPMs) 

have been recognized since the 1970s (1), and avian influenza viruses are recognized as key to the 

emergence of pandemic influenza (2). More recently, there has been increasing recognition of their 

pivotal role in the amplification and maintenance of avian influenza viruses, in introduction of 

infection to poultry farms (3–5), and in zoonotic transmission of avian influenza viruses to humans 
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(2,6). Nevertheless, LPMs proliferate throughout south Asia and Southeast Asia as well as in other 

parts of the world, including parts of the United States. 

In Hong Kong, LPMs were identified as a major risk for human influenza (H5N1) disease 

in 1997, when 6 of 18 infected persons died of this highly pathogenic novel strain (6). The 

territory-wide depopulation of all poultry stopped the outbreak. Again in 2001, early detection of 

multiple new genotypes of highly pathogenic influenza (H5N1) led to another mass culling of 

poultry in markets before any zoonotic infection occurred. Since July 2001, a compulsory 

“rest-day” in these poultry markets has been imposed on day 25 of each month. The previous day, 

all remaining birds are sold or slaughtered, and the next day the stalls, free of poultry, are cleaned 

and disinfected. This rest-day has been synchronized with 1 of 3 standing monthly rest-days in the 

wholesale market (Cheung Sha Wan; Figure 1) (7). Because influenza A (H9N2) found in quail 

was identified as the donor of the internal genes of influenza (H5N1) that caused human disease in 

Hong Kong in 1997 and because isolation rates of this virus subtype from quail was particularly 

high (8), the sale of live quails, together with any other live poultry at the same premises, was 

banned effective February 2002. Episodic reappearance of influenza (H5N1) in the LPMs in late 

2002 and early 2003 led authorities to introduce a second rest-day on day 10 of each month 

beginning March 2003 (7). 

The effects of the first rest-day on avian influenza virus carriage in LPMs were previously 

demonstrated by showing that the virus isolation rates of influenza (H9N2), a subtype endemic in 

poultry in southern China, within poultry markets were significantly reduced soon after the market 

rest-day (3). Here we assessed the effect of the first and second monthly market rest-days. We also 

addressed the question of the marginal effect of the second rest-day on the isolation rates of 

influenza (H9N2), after adjusting for other important covariables such as temperature, relative 

humidity, market ventilation system, importation, and sales of poultry stratified by type. 

Additionally, we tested for the effects of the removal of quails from poultry markets in February 

2002. 

Low-pathogenic influenza A (H9N2) is endemic in poultry across Asia (8,9) and can serve 

as an indicator of the dynamics of influenza transmission in poultry. Because influenza (H5N1) 

infection is uncommon in Hong Kong, especially after universal inoculation with inactivated 

H5N2 subtype vaccines of all local and imported chickens was introduced in June 2003 and 
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January 2004, respectively, we analyzed the dynamics of influenza (H9N2) activity to provide an 

indicator of influenza virus transmission in LPMs. In addition to being an indicator of influenza 

virus (including the H5N1 subtype) transmission within poultry in general, influenza virus (H9N2) 

has been transmitted to humans and is regarded as a virus with pandemic potential (10). 

Materials and Methods 

Sources of Data 

Since September 1999, we have collected fecal samples from 8 LPMs, from a total of 

60–80 regulated by the Food and Environmental Hygiene Department in Hong Kong. (The exact 

number varied, and mostly decreased, during the period of observation.) We tested these samples 

for influenza viruses as part of an ongoing longitudinal epizootic surveillance program. The 8 

selected sites were a convenience sample with geographic representativeness (Figure 1); each site 

services a large catchment area covering major regions of Hong Kong. Data from 76 consecutive 

months, September 1999–December 2005, comprising periods with 0, 1, and 2 monthly rest-days, 

were analyzed. 

Live terrestrial poultry from local farms or those imported from mainland China are 

collected initially at a single wholesale market and redistributed to retail LPMs (Figure 1). In the 8 

selected LPMs, the number of stalls in each market was 3–24 in 2000 and was down to 1–16 in 

2006. The number of poultry cages in each stall was 20–50. We selected 1 stall from each market 

for intensive sampling, in which 1 random fresh fecal sample was swabbed from each cage. 

Approximately 50%–60% of the cages in the stall were sampled. For the other stalls in each 

market, ≈10%–20% of cages were randomly sampled, 1 swab per cage. 

We sampled chickens, which comprise most (80%) poultry consumption in Hong Kong, 

and other avian species collectively termed “minor poultry.” These included pigeons, pheasants, 

silkie chickens, guinea fowls, and chukar partridges. Quails were not included in the analysis 

because live sales of these birds have been banned since 2002. The number of samples specific to 

quails was also very small (≈3% of all samples), precluding separate analyses due to lack of 

statistical power. Quails sold in markets were raised locally or imported from farms in mainland 

China. Isolation rates of influenza (H9N2) in quail at the wholesale market before their entry into 

retail markets were compared for 6 months. The influenza (H9N2) isolation rate from cloacal 



Page 4 of 17 

swabs in the wholesale market was ≈3% compared to an isolation rate of 17% from fecal 

droppings in retail markets at the corresponding periods (unpub. data). This finding suggests that 

virus transmission was amplified within the retail markets in quail. In view of the common practice 

of stacking cages with different poultry species one above the other or placing cages side by side, 

transmission of virus across and within species in the market through the fecal-oral route was 

highly possible. Hence, we also examined the effect of removing quails from LPMs on isolation 

rates in other species. Waterfowl, ducks, and geese are recognized as the natural reservoirs of 

influenza viruses (1,2); ducks yield especially high virus isolation rates. Because of this, ever since 

1998, after the 1997 influenza (H5N1) zoonotic incident in Hong Kong, ducks and geese had been 

removed from LPMs in Hong Kong, imported separately, and sold already slaughtered and chilled. 

Figure 1 shows the live poultry supply chain, and Figure 2 summarizes our sampling procedure. 

In addition, we collected potential confounding covariable data, including the total sales of 

chickens and minor poultry, proportion of chickens imported as a ratio to the total (all minor 

poultry analyzed were imported from mainland China except for some locally raised pigeons), 

temperature and relative humidity, and type of ventilation system used in LPMs. Weekly average 

temperature and relative humidity were obtained from the Hong Kong Observatory (11). Older 

LPMs are naturally ventilated, whereas the newer markets have installed either a market economic 

air treatment (MEAT) system, which lowers the temperature by 3°C when it rises to >25°C, or an 

air-conditioning system, which operates on a thermostat maintaining ambient temperature at 23°C. 

Laboratory Procedures 

Fecal swabs were collected and transported in vials containing 2.0 mL transport medium 

containing M199 (9.5 g/L), penicillin G (2× 106 U/L), polymyxin B (10× 106 U/L), gentamicin 

(2,500 mg/L), nystatin (0.5× 106 U/L), ofloxacin HCl (100 mg/L), and sulfamethoxazole (1 g/L). 

An aliquot of 200 μL from each swab sample was injected into the allantoic cavity of a 9- to 

11-day-old chicken embryo egg and incubated for 3 days at 35oC. Positive isolates were subtyped 

by hemagglutination-inhibition tests and neuraminidase inhibition test with standard antisera (1,8). 

Statistical Analysis 

We fitted a Poisson generalized linear model (12) for the outcome variable influenza 

(H9N2) weekly isolation counts adjusted for the proportion of chickens imported; total sales of 

chickens and minor poultry; period with 0, 1 (with and without live quails being sold in the 
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markets), and 2 monthly rest-days; ventilation system; weekly average temperature; relative 

humidity; seasonal variations; and sample size. The antilog of the estimated parameters 

corresponds to the relative risk (RR) for that factor. 

The full Poisson regression model for the number of isolations in a particular week can be 

represented as log(no. of positive isolates) = log(no. of samples) + β0 + β1(indicator of period II) + 

β2(indicator of period III) + β3(indicator of period IV) + β4(chicken imported ratio) + β5(total sales 

of chicken) + β6(total sales of minor poultry) + β7(indicator of MEAT system) + β8(indicator of 

air-conditioned market) + β9(temperature) + β9(relative humidity) + S(t) + interaction + residual 

error. 

Weekly isolation counts were analyzed from September 22, 1999–December 20, 2006. The 

indicator variables for periods II, III, and IV take the value 1 within the period with 1 rest-day with 

quail sales, 1 rest-day without quail sales, and the period with 2 rest-days, respectively, and 

otherwise take the value 0. S(t) represents a seasonal term and comprises harmonic terms, which 

are linear combinations of sine and cosine terms similar to Serfling regression (13). We 

investigated second-order interaction terms between periods, chicken imported ratios, total sales 

of chicken and minor poultry, temperature, and humidity. We only retained statistically significant 

interaction terms in the final model. 

We fitted separate models for chickens and minor poultry to explore the potential 

heterogeneity of effects across poultry species strata. To verify model goodness-of-fit, 2 coauthors 

independently viewed residual plots and verified that the model fit was adequate. All analyses 

were implemented in R version 2.3.1 (14). 

Results 

Figure 3 shows the overall isolation rates by week for chickens and minor poultry from 

1999 to 2005. Large fluctuations are most likely attributable to seasonality and stochasticity. 

Figure 4 shows average isolation rates by calendar day of the month and by number of days 

after the rest-day(s) for chickens and minor poultry. Overall, mean crude isolation rates for 

chickens and minor poultry for the period before the introduction of the rest-day were 5.9% and 

6.0%, respectively. Similarly, the crude isolation rates for the period in which 1 rest-day per month 

was implemented were 5.8% and 4.8% before quails were removed and 3.2% and 3.1% 
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afterwards, and when 2 rest-days per month were enforced, they were 2.0% and 2.0%, 

respectively. The timing of the sample collection in relation to the rest-days is summarized in the 

online Technical Appendix (available from 

www.cdc.gov/EID/content/13/9/06-1549-Techapp.pdf). 

In the period before market rest-days were introduced, there was no obvious secular trend 

over calendar days. During the period with 1 rest-day before live quails sales were banned, a 

substantial reduction in virus isolation for both chickens and minor poultry occurred immediately 

after the rest-day, followed by a drift back up to the period-specific baseline 1–3 weeks later. 

Precisely describing the time course of virus isolation is difficult, given the lack of samples during 

the intervening period. After quails were removed with 1 rest-day, the average isolation rates for 

both species groups declined further. In particular, when comparing the isolation rates in weeks 3 

and 4 after the rest-day, levels were substantially lower in the period without quails than that with 

quails. Again, the lack of samples during the first week or so after the rest-day precluded any direct 

inference about the time trend of virus isolation. However, extrapolating the near-zero isolation 

rates observed in the period with 1 rest-day in the presence of live quails sales, we might speculate 

that the average isolation rates were overestimated during the period of 1-rest-day without quails. 

When there were 2 rest-days, isolation rates were relatively constant throughout each day of the 

month, with slightly higher isolation prevalence during the week immediately preceding the 

rest-days. Of note, the 95% confidence intervals were fairly wide during the first period with no 

rest-days because of the smaller number of specimens available (online Technical Appendix) for 

the number of samples tested. 

The proportion of chickens that was imported declined from 90% to 40% during the period 

of observation, with a short-lived complete ban in February 2004 due to highly publicized avian 

influenza outbreaks in Guangdong, Anhui, and Shanghai. The total sales of chickens and 

particularly minor poultry also showed a downward trend: they decreased ≈50% overall from 1999 

to the end of 2005 (Appendix Figure 1). In terms of the other covariables, there are clear seasonal 

patterns in temperature and relative humidity (Appendix Figure 2). 

The Table gives the parameter estimates of the final fitted models, which were adjusted for 

the effect of a number of potential co-variables that may affect virus isolation rates. No 

second-order interaction terms, except that between total sales of chickens and minor poultry, were 
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found to be statistically significant. For chickens, compared to the reference category of no 

rest-day, the period with 1 rest-day with quails was associated with an insignificantly lower 

average isolation rate of influenza (H9N2). With quails removed, the isolation rate showed a 39% 

decline from baseline (i.e., no rest-day) that was of borderline significance (p = 0.06). However, 

the later period with 2 rest-days demonstrated little additional effect (p = 0.74, comparing the 

additional effect of 2 rest-days vs. the effect of 1 rest-day without quails). Naturally ventilated 

LPMs and those with MEAT system had similar isolation rates; the air-conditioned LPM had a 

lower rate, albeit with borderline significance. 

Findings from the minor poultry model were generally similar. Compared to baseline, the 

effect of the first rest-day (with or without quails) was significantly more marked. However, there 

appeared to be little change in the average isolation rate (adjusted RR 0.42 vs. 0.40, p = 0.88) 

associated with banning live quail sales. The additional effect of the second rest-day was also 

marginal (p = 0.80, comparing the additional effect of 2 rest-days vs. the effect of 1 rest-day 

without quails). The isolation rates were not significantly associated with the type of ventilation 

system used. 

For both models, although the proportion of chickens imported was not associated with 

isolation rates, the number of chickens and minor poultry sold (a reflection of the composite of 

imported and domestically raised poultry entering the LPMs) appeared to be important 

determinants of subtype H9 isolation rates. There was significant statistical interaction between 

chicken sales and minor poultry sales as the 2 trends closely tracked each other (Appendix Figure 

1). 

Of note, the abrupt cessation of chicken and minor poultry imports in early-2004 

(Appendix Figure 1) could have introduced a considerable amount of additional variability in the 

import and total sales parameters, which might have affected the model results. We tested model 

sensitivity to this effect by omitting those 4 months (February–May 2004) with exceptionally low 

(or zero) total imports. All the estimates remained robust and did not change appreciably (data not 

shown). 
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Discussion 

We found that isolations in chickens and minor poultry showed different time-dependent 

contours and variance, indicating that transmission dynamics may differ between the types of 

poultry examined in this study (15), independent of the confounding effects of quails and 

waterfowl. Such findings reinforce the importance of examining different bird species separately. 

The scatter plots of isolation rates show large stochastic fluctuations, in addition to strong seasonal 

variability, which suggest that intervention effects must be studied with statistical methods that 

can take into account such variability and the confounding influence of relevant environmental 

covariables. To the best of our knowledge, the present analysis is the first to have implemented 

both of these principles. 

There was a significant 58% reduction (adjusted RR 0.42, p<0.01) in virus isolation in 

minor poultry after the first monthly rest-day (with live quail sales) was introduced, compared to 

only 27% (adjusted RR 0.73) in chickens (not significant). With the removal of quails, the effect 

size became larger in chickens (adjusted RR 0.61) and almost reached significance at the 0.05 

level, but not in minor poultry (adjusted RR 0.40). However, an additional rest-day every 2 weeks 

did not appear to be effective in further reducing isolation rates significantly for either species 

group, after other contributing factors were adjusted for. A previous study in which influenza 

(H9N2) isolation rates in individual markets immediately before and after the market rest-day 

were compared demonstrated that the rest-day was associated with a reduction in virus isolation 

rates (3). 

Total sales of live birds in LPMs were also a major determinant of transmission, where the 

effects of chickens and minor poultry were different. In addition, minority poultry, although fewer 

in numbers (by a whole order of magnitude), appeared to have exerted a greater effect on positive 

isolation frequencies. These 2 observations suggest that influenza virus transmission in minor 

poultry within LPMs is more sensitive to changes in environmental conditions than virus 

transmission in chickens. This could be due to interspecies biologic differences or different market 

practices. For instance, minor poultry, because of their higher price and lower popularity 

compared with chickens, tend to have an increased market life and remain in cages longer than 

chickens, which typically have a more rapid turnover (1–2 days). Also, minor poultry, which tend 

to come to market at a younger age, may have higher levels of virus carriage.  
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In any case, from a policy perspective, perhaps an appropriate response could be to 

separate the sales of live chicken and minor poultry. This would have the additional benefit of 

preventing cross-species infection to chickens, which are the main poultry consumed (16). Indeed, 

we observed that the effect of 1 rest-day in chickens became larger and more significant 

statistically after quails were removed. The sales of live ducks and geese in LPMs had already been 

banned since 1998 in Hong Kong, and the sales of live quails were banned in 2002 (7). 

The data also suggest that reducing the volume of sales in LPMs reduces virus isolation 

rates. This finding may be counter-intuitive to the extent that a high turnover is likely to be 

associated with shorter holding time of the poultry within the market, and one would expect this to 

be associated with reduced virus isolation rates. On the other hand, decreased volume of sales 

decreases the risk for introduction of virus into a market, and therefore the risk of establishing 

transmission within the market.  

Analysis of the data by calendar day (Figure 4) confirmed earlier results (3,17) that 

rest-days led to an immediate decline in positive isolates by interrupting the amplification cycle. 

Our findings further suggest that the effect of very low isolation rates can likely be sustained for up 

to 2 weeks, although we caution that we had little data during the second week to provide 

definitive support to this observation (online Technical Appendix, Figure 4). Moreover, the 

analysis in Figure 4 is unadjusted for other covariables and therefore cannot be directly compared 

with the multivariable model results, which suggest the second rest-day had marginal effects on 

further reducing virus isolation.  

This finding does not necessarily imply that the number of market rest-days in Hong Kong 

should be reduced in frequency from twice to once per month. In addition to the impact on overall 

viral load, the frequency in rest-days is predicated on minimizing the duration of the circulation of 

a potentially pathogenic avian virus (e.g., subtype H5N1) within markets after its occasional 

introduction. Meanwhile, the diminishing marginal effectiveness for each additional rest-day may 

prompt the implementation of centrally slaughtering of all live poultry for further reduction in 

transmission risk. This is probably a more important intervention to aim for than removal of 

another species of poultry from the poultry markets. 

The study was conducted on low pathogenic avian influenza (H9N2) because it is endemic 

in poultry in the region. While the H9N2 subtype is itself important as a zoonotic pathogen and 
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may be a candidate for the next pandemic virus, the transmission dynamics of this virus may also 

provide insights into the transmission and control of the highly pathogenic avian influenza (HPAI) 

(H5N1) that is currently a major threat to animal and human health across Asia. Therefore, our 

results suggest that for countries confronting endemic influenza (H5N1) infection in poultry, 

introducing even 1 rest-day per month in these LPMs is likely to provide definite benefit. 

Interventions designed to interrupt virus transmission in poultry markets may have even greater 

effects in retail poultry markets in mainland China and elsewhere in Asia, where aquatic and 

terrestrial poultry are both present within the same markets, because aquatic poultry appear to be 

the more important carriers of HPAI (H5N1). 

The winter increase in influenza (H9N2) isolation rate and strong seasonal forcing 

observed parallel those seen for influenza (H5N1) in poultry markets in southern China (18,19). 

The reasons for this increase in virus carriage rates in the winter are unclear. However, the lower 

temperature and humidity may increase virus survival in the environment, thereby increasing virus 

transmission. 

The lack of association with the proportion of chickens that were imported likely reflects 

the progressive culmination of an effective package of biosecurity measures (e.g., including 

universal vaccination with sentinel flocks, stringent surveillance from farm to market, segregation 

of species during transport) further up the supply chain, as detailed in Figure 1, panel A, such that 

there is little difference in risk for virus introduction into the LPMs between locally farmed and 

imported chickens. 

We did not have information on some parameters that could possible affect transmission 

efficacy, such as market and stall designs, poultry density, and proximity of different species. 

Nevertheless, unless these changed substantially during the time series, which we do not believe to 

be the case, they should not have had a large effect on the results. 

Future research should explore optimizing the number and timing of market rest-days and 

other interventions by using mathematical and statistical models, with parameters determined by 

empirical data. Field experiments studying the contextual effects of market conditions could also 

further inform the transmission dynamics of influenza in LPMs. 

These findings and other studies documenting that LPMs can serve as a source of infection 

for farms (5) confirm that these markets maintain, amplify, and disseminate influenza viruses. 
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Thus, while retail poultry markets are a dead-end for the poultry that are slaughtered there, they are 

not a dead-end for the virus. Indeed, these markets possibly help maintain infection in poultry 

flocks and provide a potential site for intervening to control virus transmission (16). Studies to 

address their role in maintaining influenza virus circulation in countries where HPAI (H5N1) is 

endemic are urgently needed. The LPM practice may differ between countries, and these 

differences may greatly affect the role of these markets in amplifying and disseminating avian 

influenza viruses. For example, poultry markets where unsold poultry are not held over to the next 

day are less likely to contribute to amplification of virus load. However, establishing that LPMs 

play a role in maintaining and disseminating virus in these environments (as they do in Hong 

Kong) would prove a focal point for strategic intervention to interrupt transmission of this virus. 
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Table. Adjusted RR, associated 95% CI, and p values of Poisson generalized linear models for influenza (H9N2) isolation rates by 
poultry type* 

Chickens  Minor poultry 
Characteristic Adjusted RR 95% CI p value  Adjusted RR 95% CI p value 
Time period 
 No rest-day 1.00 Reference   1.00 
 1 rest-day with quails 0.73 0.44–1.20 0.22  0.42 0.25–0.71 0.001 
 1 rest-day without quails 0.61 0.37–1.02 0.061  0.40 0.24–0.68 0.001 
 2 rest-days 0.56 0.29–1.09 0.09  0.37 0.16–0.82 0.01 
Proportion of chickens imported, 
per 10% increase 

0.93 0.74–1.17 0.54  1.06 0.77–1.45 0.73 

Total sales of 
 Chicken per 100,000 1.09 1.01–1.17 0.02  1.08 0.99–1.18 0.07 
 Minor poultry per 100,000 2.98 1.52–5.87 0.002  3.20 1.42–7.22 0.005 
 Chicken × minor poultry,  
 interaction term 

0.97 0.95–0.99 0.01  0.97 0.94–0.99 0.01 

Ventilation system 
 Natural ventilation 1.00 Reference   1.00 
 MEAT system 1.02 0.77–1.34 0.91  1.12 0.83–1.51 0.48 
 Air-conditioned 0.57 0.30–1.08 0.09  0.93 0.50–1.72 0.82 
Temperature, ºC 1.00 0.92–1.09 0.99  1.11 1.00–1.24 0.06 
Relative humidity, % 0.99 0.97–1.00 0.12  0.98 0.97–1.00 0.12 
Seasonality term† 
 α (cosine component) 0.25 –0.21–0.71 0.29  –0.23 –0.75–0.29 0.38 
 β (sine component) 0.31 –0.19–0.81 0.23  0.72 0.13–1.30 0.02 
*RR, relative risk; CI, confidence interval; MEAT, market economic air treatment. 
†The seasonality coefficients α and β contribute to the estimated isolation rate in week t via the terms αcos(2πt/52) + βsin(2πt/52). 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15241415&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16473931&dopt=Abstract
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Figure 1. Supply chain of live terrestrial poultry in Hong Kong. *During the study period, 110–140 local 

poultry farms were registered in Hong Kong with ≈2 million chickens. Weekly inspection, flock laboratory 

surveillance, and universal vaccination of chickens with inactivated influenza (H5N2) vaccine have been 

routine since June 1, 2003. All terrestrial poultry (e.g., chickens and minor poultry such as quail, pheasant, 

chukar, guinea fowl) are transported to Cheung Sha Wan Temporary Wholesale Poultry Market by trucks 

before redistribution to live poultry markets (LPMs).  

*Ducks and geese were imported by sea to a separate wholesale poultry market (not shown in Figure), where they were centrally 

slaughtered, and the chilled carcasses were sold to market. †Approximately 100 registered mainland farms supplied ≈40% of live 

chickens in 2006. Since January 15, 2004, all such birds have been vaccinated against H5 subtype influenza. They are transported by 

trucks inside labeled cages to Man Kam To Control Point. ‡Imported birds must be accompanied by valid veterinary health certificates 

issued by a recognized veterinary authority. Samples are also taken for laboratory testing. The birds are then transported to Cheung 

Sha Wan Temporary Wholesale Poultry Market by lorry in which water and land birds are segregated. §Birds are transported to LPMs 

after confirmation of negative test results from the laboratory. Regular laboratory surveillance and monthly rest-days in the wholesale 

market synchronized with those in LPMs are also routinely carried out. ¶Birds are distributed to live poultry stalls and kept in cages 

made of stainless steel or nonabsorbent materials. A ban of live waterfowl sales had been imposed since December 1997. Since 

December 2001, quails had also been removed from being sold alongside chickens and by March 2002, live quails were completely 

banned in LPMs. There were 60–80 LPMs (light circles) in Hong Kong; 8 of these (dark circles) were analyzed in this study. 
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Figure 2. Sampling procedures from live poultry markets (LPMs) in Hong Kong. 

 

 

Figure 3. Weekly influenza A (H9N2) isolation rates for chickens (A) and minor poultry (B) in Hong Kong, 

September 1999–December 2005. Dotted lines denote the different periods: I, no rest-day; II, 1 rest-day 

with quails sold in live poultry markets; III, 1 rest-day with quails removed from live poultry markets; IV, 2 

rest-days. 



Page 16 of 17 

 

Figure 4. Average influenza A (H9N2) isolation rates by calendar day during the period with no rest-day and 

by days after a rest-day during the period with rest-days, for chickens (A) and minor poultry (B). Open 

circles denote the isolation rates on each calendar day averaged over the entire period, with 95% 

confidence intervals. Overall mean isolation rates for each period and poultry type are indicated by the 

dotted horizontal lines. 
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Appendix Figure 1. A) Monthly imported chicken ratios (number of chickens imported to the total sales of 

chickens), January 1999–December 2005; B) monthly sales of chickens, January 1999–December 2005; 

C) monthly sales of minor poultry, January 1999–December 2005. *All minor poultry except pigeons were 

imported during the period of observation. 

 

Appendix Figure 2. A) Weekly temperature and B) relative humidity, 1999–2005. 


