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Abstract
Background and Aim: Studies on avian influenza virus (AIV) in Libya are few and limited. This study aimed to determine 
the presence of AIV in live bird markets (LBMs) in Tripoli and determine the risk factors associated with AIV spread .

Materials and Methods: In total, 269 cloacal swabs were randomly collected from different bird species in 9 LBMs located 
in Tripoli and its surrounding regions. The target species were ducks, geese, local chickens, Australian chickens, Brahma 
chickens, turkeys, pigeons, quails, peacock broiler chicks, and pet birds. Total RNA was extracted from the swab samples 
and used for real-time polymerase chain reaction to detect AIV type A.

Results: Of the 269 samples, 28 (10.41% of total samples) were positive for AIV type A. The LBMs with positive samples 
were Souq Aljumaa, Souq Alkhamees, Souq Althulatha, and Souq Tajoura. The highest percentage (35.71%) of AIV was 
recorded in Souq Aljumaa. Positive results for AIV type A were obtained primarily in three species of birds: Ducks (14/65; 
highest percentage: 21.5%), local chickens (12/98; 12.24%), and geese (2/28; 7.14%). Furthermore, the following three 
risk factors associated with the spread of AIV type A were identified: Time spent by breeders/vendors at the market (odds 
ratio [OR] = 11.181; 95% confidence interval [CI] = 3.827–32.669), methods used for disposing dead birds (OR = 2.356; 
95% CI = 1.005–5.521), and last visited LBM (OR = 0.740; 95% CI = 0.580–0.944).  Restricting the movement of poultry 
vendors from one market to another may protect against AIV spread.

Conclusion: The findings of this study indicate the high risk of AIV spread in LBMs and highlight the need for continuous 
surveillance of LBMs across the country.
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Introduction

Avian influenza (AI), one of the most contagious 
diseases in birds, is caused by type A influenza virus. 
Type A viruses are classified into two subtypes based 
on their surface glycoproteins, namely, hemagglutinin 
(H) and neuraminidase (N). To date, 18 H-containing 
type A (HA) and 11 N-containing type A (NA) sub-
types have been identified; of them, 16 HA and 9 NA 
serotypes have been isolated and characterized in var-
ious species of birds [1].

Depending on their pathogenicity, AI viruses 
(AIVs) are classified into two types: Highly patho-
genic AIVs (HPAIVs), which cause severe disease 
and are associated with a high mortality rate, and 
low-pathogenic AIVs (LPAIVs), which cause asymp-
tomatic or mild disease [1].

In Libya, the first case of infection caused by 
the LPAIV subtype H9N2 in commercial poultry was 
reported in 2006; however, the virus could not be iso-
lated then. In 2013, LPAIV H9N2 was isolated and 
characterized [2]. The first case of HPAIV (H5N1) 
infection in backyard chicken purchased from a live 
bird market (LBM) was reported in Tobruk, Libya, in 
March 2014; however, the spread was controlled suc-
cessfully [2].

Many developing countries have LBMs; the best 
place to purchase various avian species for consump-
tion as a protein source or rearing, a popular hobby 
globally [3]. In some countries, LBMs usually have a 
continuous structure where various birds are housed 
until they are sold; the markets open daily or on spe-
cific days of the week [4].

LBMs selling various avian species, those not 
implementing all-in–all-out management practices, 
and those lacking biosecurity are the potential sources 
of AIVs causing several avian diseases, including AI. 
LBMs are the source of viruses responsible for sev-
eral AI outbreaks worldwide. AIV is an endemic virus 
found in many LBMs in the United States [5]. LBMs 
pose a threat to public health as they can facilitate the 
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amplification and dissemination of AIVs [6]. LBMs 
represent a crucial part of the poultry value chain as 
they facilitate connections among various poultry 
stakeholders by gathering them in one place [7].

The continuous circulation of AIVs among 
birds in LBMs may play a role in spreading AIV and 
enhancing transmission to commercial and household 
poultry [3]. Therefore, any measures taken to control 
AI should consider LBMs one of the primary factors 
for disease transmission [8]. However, despite their 
well-established role in disease transmission and evi-
dent threat to human health as a continuous source of 
the severe acute respiratory syndrome and influenza 
viruses, LBMs around the world are not likely to be 
abolished [9].

In LBMs, naive birds often come in contact with 
infected birds. The newly infected birds may be sold 
or returned to the same farm, which facilitates the 
ongoing transmission of AIV within LBMs as well 
as from LBMs to farms across various geographical 
locations [10].

Libya is currently at risk of infections caused by 
HPAIV; hence, there is an urgent need for the surveil-
lance of AIV spread. To the best of our knowledge, no 
recorded information is available on the role of LBMs 
in the spread of AIVs in Libya. Therefore, the present 
study aimed to detect AIV in LBMs located in Tripoli 
and its surrounding regions; we aimed to identify the 
role of LBMs in AIV spread and determine the risk fac-
tors associated with AIV infection and transmission.
Materials and Methods
Ethical approval

No ethical approval was required as samples 
were collected for diagnostic purposes. However, 
samples were collected as per animal welfare using 
international standard sample collection methods.
Study period and location

The study was conducted from February to 
March 2018. Chicken farms located in Gaser Bin 
Gasher area and nine LBMs in Tripoli were included 
for sampling.
Sampling

In total, 269 cloacal swab samples were col-
lected from various species of birds from 9 LBMs 
located in Tripoli and its surrounding regions. The 
LBMs assessed were Souq Tajoura, Souq Aljumaa, 
Souq Althulatha, Souq Alahad, Souq Alkhamees, 
Souq Alsaeh, Souq Janzour, Souq Suliman Khater, 
and Souq Alhot (each market was visited once). 
Cloacal swabs were collected and placed in a transport 
medium (phosphate-buffered saline containing 50% 
glycerol, 2000 U/mL penicillin, 250 mg/mL gentami-
cin, and 500 U/mL nystatin) in accordance with the 
Office International des Epizooties guidelines [11].

The target species were as follows: Duck, geese, 
local chickens, Australian chickens, Brahma chick-
ens, turkeys, pigeons, quails, peacock broiler chicks, 
and pet birds (Table-1). If an owner did not permit 

the collection of cloacal swabs, fecal material was 
collected from the cages. The samples were analyzed 
using real-time reverse transcription-polymerase 
chain reaction (rRT-PCR) to detect AIV.
RNA extraction and rRT-PCR

Viral RNA was extracted using the NucleoSpin® 
RNA Set for NucleoZOL (Macherey-Nagel, Duren, 
Germany). To detect AIV type A, a commercial rRT-
PCR kit (Microboss Hightech GmbH, Germany) was 
used according to the manufacturer’s instructions.
Questionnaire

A structured questionnaire comprising seven 
questions was developed to determine the risk factors 
associated with AIV infection in LBMs. A total of 45 
participants (breeders/traders/owners) responded to the 
questions by visually inspecting the birds. The ques-
tions sought information on bird species, bird source, 
last visited LBM, time spent by breeders/vendors at 
the market, methods used for disposing of dead birds, 
LBM location, and the type of disinfectant used [12].
Statistical analysis

Statistical analysis was performed using the 
Statistical Package for the Social Sciences (SPSS) 
program version 22 (IBM® SPSS®, NY, USA) . 
Laboratory and questionnaire data were stored in a 
Microsoft Excel spreadsheet. Univariate analysis was 
performed to determine the correlations between the 
factors and prevalence of AIV type A. In addition, 
logistic regression analysis was performed to identify 
risk factors associated with AIV infection in LBMs.
Results
Surveillance of AIV spread in LBMs using rRT-PCR

Of the 269 samples collected from the 9 LBMs, 28 
tested positive for AIV type A, representing 10.41% of 
the total number of samples tested (Table-1). However, 
the AIV subtypes could not be identified. Positive 
results were obtained from 4 out of 9 (44.44%) LBMs 
surveyed. The LBMs from which positive samples 
were obtained were Souq Aljumaa, Souq Alkhamees, 
Souq Althulatha, and Souq Tajoura, accounting for 
35.71%, 32.14%, 17.85%, and 14.5% of the total 
number of positive results obtained from all LBM 
samples, respectively. The highest percentage AIV 
infection was noted in Souq Aljumaa (Table-2).

In this study, positive results for AIV were pri-
marily obtained from three bird species. The highest 
percentage of AIV-positivity was detected in ducks 
(14/65; 21.5%), followed by local chickens (12/98; 
12.24%) and geese (2/28; 7.14%; Table-3).
Risk factors associated with AIV type A infection in 
LBMs

The following points were identified using the 
data obtained from the questionnaire completed by 
poultry owners, breeders, and traders:
1. All bird owners sell various species of birds in 

the same place without segregation or following 
hygiene protocols.
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2. The sources of birds being sold in LBMs vary; 
54% of the birds were found to be from the market 
itself, which suggests that breeders simultaneously 
buy and sell from one another in the same market 
without implementing any biosecurity measures.

3. Most breeders move across markets in the same 
selling period; in most cases, they sell birds from 
one market to another in < 24 h.

4. Most breeders return unsold birds directly to the 
respective source without implementing any bios-
ecurity measures.

5. Breeders were questioned regarding the methods 
used for disposing of dead birds:  42% answered 
that they buried the dead birds on the farm; 21% 
burned them and buried the dead birds on the 
farm; 35% threw the dead birds away; and 2% 
burned the dead birds and threw them away.
The analysis of the questionnaire data revealed 

that 58% of the traders and owners mentioned that 
their birds did not have any history of illness during the 
past 3 months, whereas approximately 42% of the trad-
ers mentioned that their birds had exhibited moderate 
symptoms such as diarrhea and respiratory symptoms.

Univariate analysis of seven factors revealed 
that the factors associated with the spread of AI 

Table-1: The positive and negative results of the samples collected from LBMs located in Tripoli.

LBM Poultry species Number of samples Laboratory result

Positive (%) Negative (%)

Souq Alkhamees (n=41) Ducks 16 6 (37.5) 10
Goose 5 0 5
Local chicken 10 3 (30) 7
Australian chickens 6 0 6
Turkey 3 0 3
Peacock 1 0 1

Souq Aljumaa (n=30) Ducks 18 8 (44.4) 10
Goose 5 2 (40) 3
Local chicken 3 0 3
Turkey 4 0 4

Souq Althulatha (n=30) Ducks 12 0 12
Goose 3 0 3
Local chicken 15 5 (33.3) 10

Souq Alsaeh (n=33) Ducks 9 0 9
Goose 9 0 9
Local chicken 12 0 12
Turkey 3 0 3

Souq Janzour (n=29) Ducks 6 0 6
Local chicken 13 0 13
Broiler chicks 6 0 6
Brahma 4 0 4

Souq Tajoura (n=27) Local chicken 23 4 (17.4) 19
Australian chickens 2 0 2
Brahma 2 0 2

Souq Alahad (n=33) Ducks 2 0 2
Goose 4 0 4
Local chicken 12 0 12
Turkey 6 0 6
Peacock 3 0 3
Quail 6 0 6

Souq Alhot (n=29) Ducks 2 0 2
Goose 2 0 2
Local chicken 6 0 6
Pigeon 14 0 14
Canary 3 0 3
Budgerigar 2 0 2

Suliman Khater (n=17) Canary 11 0 11
Budgerigar 6 0 6

Total 269 28 (10.4) 241 (89.6)

LBMs=Live bird markets

Table-2: The percentage of positive AIV found in each 
market.

No. LBM Positive Percentage 
(positive/total 

positive)

1 Souq Alkhamees 9 32.14
2 Souq Aljumaa 10 35.71
3 Souq Althulatha 5 17.85
4 Souq Tajoura 4 14.3
5 Souq Alsaeh 0 0
6 Souq Janzour 0 0
7 Souq Alahad 0 0
8 Souq Alhot 0 0
9 Suliman Khater 0 0
Total 28 100

AIV=Avian influenza virus



Veterinary World, EISSN: 2231-0916 1687

Available at www.veterinaryworld.org/Vol.15/July-2022/11.pdf

type A virus were as follows: Bird species (F = 4.51; 
p = 0.035), methods used for disposing dead birds 
(F = 14.44; p = 0.001), time spent by breeders/vendors 
at the market (41.15; p = 0.001), and LBM location 
(F= 8.30; p = 0.001). The following factors correlated 
negatively with AIV infection: Bird source, disinfec-
tant use, and last market visited. However, multivari-
ate logistic regression analysis showed that the spread 
of AIV type A was associated with three risk factors: 
Time spent by breeders/vendors at the market (odds 
ratio [OR] = 11.181; 95% confidence interval [CI] = 
3.827–32.669), methods used for disposing dead birds 
(OR = 2.356; 95% CI = 1.005–5.521), and last visited 
LBM (OR = 0.740; 95% CI = 0.580–0.944; Table-4). 
The last visited LBM was identified as a potential 
protective factor against AIV spread; vendors car-
rying AIV-positive birds may move across LBMs as 
the samples that showed positive results on rRT-PCR 
were collected on different days (Table-5).
Discussion

In the present study, AIV-positive samples were 
detected in 4 out of 9 (44.44%) LBMs. LBMs facilitate 
the spread of AIV among poultry species and humans, 
particularly those who handle and sell birds in tradi-
tional bird markets [5, 6, 9]. Abdelwhab et al. [13] 
detected the presence of AIV in 5.6% of the LBMs 
they surveyed in the Canal region in Egypt. Helal et 
al. [8] reported a low AIV prevalence (4.3%) in LBMs 
in Egypt. Nitipan et al. [14] could not find any AIV-
positive sample in Bangkok LBMs during their study 
period because AIV was not circulating at that time.

The percentages of AIV-positive samples 
obtained from the LBMs surveyed in the present 
study were 35.71%, 32.14%, 17.85%, and 13.4% for 
Souq Aljumaa, Souq Alkhamees, Souq Althulatha, 

and Souq Tajoura, respectively. These results are con-
sistent with our other findings that the time spent by 
breeders/vendors at LBMs caused an 11-fold increase 
in the risk of AIV infection and transmission.

Regarding the poultry species, the highest 
numbers of positive cases were detected in ducks 
and local chickens, representing 21.5% and 12.24% 
of the total number of positive cases, respectively; 
the lowest number of positive cases was detected in 
geese (7.14%). In Vietnam, a recent study showed 
that the prevalence of AIV was 27.5% and 24.8% in 
chickens and ducks, respectively [15]. Another study 
in Cambodia reported that 20.0% and 32.6% of the 
samples obtained from chickens and ducks, respec-
tively, in local markets were positive for AIV [16]. 
Regarding AIV H5N1, Songserm et al. [17] indicated 
that free-ranging ducks are a potential reservoir of the 
virus. Thus, ducks are considered to play a key role in 
transmitting the virus, with a potential consequence 
of disease in domestic poultry [18, 19]. Ducks are 
known as the waterfowl reservoir of AIV and may 
play an important role in spreading AIV infection 
worldwide [15, 18, 20].  Other risk factors observed 
in our study were keeping ducks and geese in the 
markets for sales. Our findings are comparable with 
those of other studies reporting that ducks and geese 
act as the natural reservoirs of AIV; in particular, the 
highest rate of virus isolation was noted in duck sam-
ples [21, 22]. Ducks and geese have been known as 
AIV carriers since a long time as they can be infected 
with the virus for a prolonged period without show-
ing any clinical symptoms and may act as the source 
of infection by facilitating AIV spread to other avian 
species in LBMs [23, 24]. 

Furthermore, waterfowl may have a subclinical 
infection caused by AIV and help maintain the virus in 
these markets for longer periods. In our study, despite 
the correlation noted between bird species and AIV-
positive results, it was not identified as a significant 
risk factor. Notably, ducks can excrete AIV for at least 
2 weeks through the cloacal and respiratory routes 
[25]. Thus, keeping various species of birds together 
in LBMs provides appropriate conditions for the 
transmission of AIV among the poultry species. This 
result is supported by the fact that AIV detection rate 
is twice as high in domestic poultry compared with 

Table-5: Movement of poultry vendors between LBMs.

LBM positive 
for AIV

LBM last visited 
by the vendor

Bird 
species

Time 
spent (h)

Souq Aljumaa Souq Tajoura Ducks and 
geese

4–5

Souq 
Athulatha

Souq Aljumaa Local 
chickens

5–6

Souq 
Alkhamees

Souq Athulatha Ducks and 
chickens

4–5

Souq Tajoura Souq Athulatha Local 
chickens

4–5

AIV=Avian influenza virus, LBMs=Live bird markets

Table-4: Logistic regression analysis of risk factors for 
AIV contamination of LBMs.

Potential 
risk factors

OR 95% CI for OR p-value

Time spent at 
the market

11.181 3.827–32.669 0.001

Disposal of 
dead birds

2.356 1.005–5.521 0.001

Last visited 
LBM

0.740 0.580–0.944 0.015

AIV=Avian influenza virus, LBMs=Live bird markets, 
OR=Odds ratio, CI=Confidence interval

Table-3: The positive result of avian influenza in different 
species in live bird markets in Tripoli.

Species Total 
number of 
samples

Laboratory result Percentage 
of infected 

birdsPositive Negative

Duck 65 14 51 21.5
Local 
chicken

98 12 86 12.24

Goose 28 2 26 7.14
Total 191 28 163 14.65
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that in the same species of pet birds [26]. In addition, 
selling different species of birds together in markets 
and nonsegregated keeping of various bird species in 
the same cage enables cross-transmission of the virus 
among birds [22, 27]. Younjung et al. [28] stated that 
the silent transmission of AIVs within LBMs resulted 
from the overcrowding and continuous supply of var-
ious susceptible avian species.

Regarding the effect of season on AIV spread, the 
highest prevalence was noted in winter. Abdelwhab 
et al. [13] reported a high AIV-positivity in sam-
ples obtained from LBMs during the cold month of 
February. Our results might be attributed to the fact 
that AIV survival and viability are associated with 
the lower temperatures of the environment. Viral 
transmission is suppressed in summer because of hot 
weather and dryness. Thus, the disease is associated 
with cold weather because it provides favorable condi-
tions for the amplification and spread of the virus [29, 
30]. Sakoda et al. [31] and Choi et al. [32], respec-
tively, reported a higher prevalence of H5N1 infec-
tion in Japan and Korea in wild and domestic birds in 
the winter season. The same finding was reported in 
Egypt; the risk of AI was higher in winter than in other 
seasons [33]. In contrast, increased temperature is a 
predictor of reduced AIV transmission and survival 
[23, 34, 35].

Concerning the geographical distribution of 
AIV in the Tripoli region, Kammon et al. [2] detected 
H5N1-positivity in samples obtained from Toubrok 
and surrounding regions. This may indicate the spread 
of AIVs across regions, although the present study did 
not identify the subtypes of AIV.

Biosecurity is a crucial measure for disease 
control. The non-implementation of biosecurity 
measures on several farms is a key factor for AI per-
sistence. Knowledge about biosecurity is essential for 
reducing the likelihood of the transmission of trans-
missible diseases [36, 37]. The circulation of the AIVs 
in LBMs may be because of the non-implementation 
of biosecurity measures or absence of any veterinary 
supervision in these markets as well as the unhygienic 
transportation of birds across localities [8, 37]. In our 
study, the time spent by breeders/vendors in LBMs 
caused an 11-fold increase in the risk of AIV infection 
and transmission. In China, Wang et al. [4] identified 
several risk factors associated with the AI outbreak, 
including the time spent in the market per day, differ-
ent live avian species in the market, location of LBM, 
and a number of birds in the market. A longer daily 
market period increases the chance of virus transmis-
sion [3, 4, 38–40]. One of the risk factors identified in 
our study was the methods used for disposing of dead 
birds, showing a 2.4-fold increase in risk when dead 
birds are disposed of in landfills.
Conclusion

The study may serve as a basis for future 
studies classifying AIV strains and investigating the 

virulence characteristics in Libya to provide insights 
into the epidemiology of infectious diseases and molec-
ular characterization of the strains. Furthermore, our 
findings highlighted the role of LBMs in the spread of 
AIV and, therefore, the need for future research. The 
detection of HPAIV and LPAIV using DNA sequenc-
ing is crucial; unfortunately, this was not performed 
in this study.
Authors’ Contributions

AK and IE: Designed the study. MD: Visited live 
bird markets and collected swab samples. AK and IE: 
Data analysis, drafted, and revised the manuscript. All 
authors have read and approved the final manuscript.
 Acknowledgments

The authors are grateful to Dr. Isabella Monne 
and her colleagues at the Istituto Zooprofilattico 
Sperimentale delle Venezie, Italy, who provided their 
expertise that greatly assisted in this study. The authors 
did not receive any funds for this study.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Chang-Won, L. and Yehia, M.S. (2009) Avian influenza 

virus. Comp. Immun. Microbiol. Infec. Dis., 32(4): 301–310.
2. Kammon, A., Heidari, A., Dayhum, A., Eldaghayes, I., 

Sharif, M., Monne, I., Cattoli, G., Asheg, A., Farhat, M. 
and Kraim, E. (2015) Characterization of avian influenza 
and Newcastle disease viruses from poultry in Libya. Avian 
Dis., 59(3): 422–430.

3. Fournié, G., Guitian, F.J., Mangtani, P. and Ghani, A.C. 
(2011) Impact of the implementation of rest days in live bird 
markets on the dynamics of H5N1 highly pathogenic avian 
influenza. J. R. Soc. Interface., 8(61 ): 1079–1089.

4. Wang, X., Wang, Q., Cheng, W., Yu, Z., Ling, F., Mao, H. 
and Chen, E. (2017) Risk factors for avian influenza virus 
contamination of live poultry markets in Zhejiang, China 
during the 2015-2016 human influenza season. Sci. Rep., 
7(1): 1–9.

5. Cardona, C., Yee, K. and Carpenter, T. (2009) Are live bird 
markets reservoirs of avian influenza? Poult. Sci., 88(4): 
856–859.

6. Offeddu, V., Cowling, B.J. and Malik Peiris, J.S. (2016) 
Interventions in live poultry markets for the control of avian 
influenza: A systematic review. One Health, 2 : 55–64.

7. Ibrahim, A., Albrechtsen, L., Upton, M., Morgan, N. and 
Rushton, J. (2007) Market Impacts of HPAI Outbreaks: 
A Rapid Appraisal Process, Egypt. Report Submitted to FAO 
at the Symposium on The Market and Trade Dimensions of 
Avian Influenza. Rome, Italy. p33.

8. Helal, A.M., Arafa, A.S., Abdien, H.F., Hamed, D.M. and El 
Dimerdash, M.Z. (2017) Avian influenza in live bird mar-
kets in the Suez canal region, Egypt. Zagazig Vet. J., 45(4): 
340–348.

9. Webster, R.G. (2004) Wet markets: A continuing source of 
severe acute respiratory syndrome and influenza? Lancet, 
363(9404): 234–236.



Veterinary World, EISSN: 2231-0916 1689

Available at www.veterinaryworld.org/Vol.15/July-2022/11.pdf

10. Pepin, K.M., Wang, J., Webb, C.T., Smith, G.J., Poss, M., 
Hudson, P.J., Hong, W., Zhu, H., Riley, S. and Guan, Y. 
(2013) Multiannual patterns of influenza A transmission in 
Chinese live bird market systems. Influenza Other Respir. 
Viruses, 7(1): 97–107.

11. OIE. (2009) Avian influenza. In: Manual of Diagnostic 
Tests and Vaccines for Terrestrial Animals. Ch. 2.7.12. OIE, 
Paris, France.

12. FAO/OIE/WHO. (2004) Technical Consultation on the 
Control of Avian Influenza. Vol. 2. FAO, OIE, WHO, Rome, 
Italy.

13. Abdelwhab, E.M., Selim, A.A., Arafa, A., Galal, S., 
Kilany, W.H., Hassan, M.K., Aly, M.M. and Hafez, M.H. 
(2010) Circulation of avian influenza H5N1 in live bird 
markets in Egypt. Avian Dis., 54(2): 911–914.

14. Nitipan, T., Tippa, C., Kamolphan, R., Verachai, S., Sopon I., 
Ladawan, S., Sarintorn, S., Bundit, N., Bencharong, S., 
Prateep, R. and Pawin, P. (2017) Surveillance in 2013 of 
avian influenza virus from live-bird markets in Bangkok, 
Thailand. Southeast Asian J. Trop. Med. Public Health., 
48(1): 37–44.

15. Quynh, A.T., Huong, L.T., Xuan, T.T.L. and Thanh, T.L. 
(2020) The presence of poultry influenza strains in two 
live bird markets near the East-West Boundary of Vietnam. 
BioMed. Res. Int., 2020 : 1487651.

16. Karlsson, E.A., Horm, S.V., Tok, S., Tum, S., Kalpravidh, W., 
Claes, F., Osbjer, K. and Dussart, P. (2019) Avian influenza 
virus detection, temporality and co-infection in poultry in 
Cambodian border provinces, 2017–2018. Emerg. Microbes 
Infect., 8(1): 637–639.

17. Songserm, T., Jam-On, R., Sae-Heng, N. and Meemak, N. 
(2006) Survival and stability of HPAI H5N1 in different 
environments and susceptibility to disinfectants. Dev. Biol. 
(Basel), 124 : 254.

18. Gilbert, M., Chaitaweesub, P., Parakamawongsa, T., 
Premashthira, S., Tiensin, T., Kalpravidh, W., Wagner, H. 
and Slingenbergh, J. (2006) Free-grazing ducks and highly 
pathogenic avian influenza, Thailand. Emerg. Infect. Dis., 
12(2): 227.

19. Gilbert, M., Xiao, X., Pfeiffer, D.U., Epprecht, M., 
Boles, S., Czarnecki, C., Chaitaweesub, P., Kalpravidh, W., 
Minh, P.Q., Otte, M.J., Martin, V. and Slingenbergh, J. 
(2008) Mapping H5N1 highly pathogenic avian influenza 
risk in Southeast Asia. Proc. Natl. Acad. Sci. U. S. A., 
105(12): 4769–4774.

20. Hassan, M.M., Islam, A., Hasan, R.B., Rahman, M.K., 
Webby, R.J., Hoque, M.A. and El Zowalaty, M.E. (2020) 
Prevalence and distribution of avian influenza viruses 
in domestic ducks at the waterfowl-chicken interface in 
Wetlands. Pathogens, 9(11): 953.

21. Meseko, C., Oladokun, A., Solomon, P. and Yakubu, B. 
(2010) Detection of highly pathogenic avian influenza 
(H5N1) in apparently healthy ducks (Anas sparsa sparsa) in 
live bird markets, Nigeria. Niger. Vet. J., 31(2): 164–169.

22. Odetokun, I.A., Alhaji, N.B., Isola, T.O., Erena, A.A. and 
Mohammed, B. (2018) Risk perceptions and preventive 
preparedness towards avian influenza (H5N1) at live bird 
markets in North-central Nigeria: Public health implica-
tions. Savannah Vet. J., 1 : 31–40.

23. ElMasry, I., Elshiekh, H., Abdlenabi, A., Saad, A., Arafa, A., 
Fasina, F.O., Lubroth, J. and Jobre, Y.M. (2017) Avian influ-
enza H5N1 surveillance and its dynamics in poultry in live bird 
markets, Egypt. Transbound. Emerg. Dis., 64(3): 805–814.

24. David, H.C., Mia, K.T., Mary, L.K., David, E.S. and  
Dong-Hun, L. (2022) Transmission dynamics of low patho-
genicity avian influenza (H2N2) viruses in live bird mar-
kets of the Northeast United States of America, 2013–2019. 
Virus Evol., 8(1): 1–10.

25. Hulse-Post, D.J., Sturm-Ramirez, K.M., Humberd, J., 
Seiler, P., Govorkova, E.A., Krauss, S., Scholtissek, C., 
Puthavathana, P., Buranathai, C., Nguyen, T.D., Long, H.T., 
Naipospos, T.S., Chen, H., Ellis, T.M., Guan, Y., Peiris, J.S. 

and Webster, R.G. (2005) Role of domestic ducks in the 
propagation and biological evolution of highly pathogenic 
H5N1 influenza viruses in Asia. Proc. Natl. Acad. Sci. 
U. S. A., 102(30): 10682–10687.

26. Swayne, D.E. (2000) Understanding the ecology and epi-
demiology of avian influenza viruses: Implications for zoo-
notic potential. In: Brown CC, Bolin CA (eds) Emerging 
Diseases of Animals. ASM Press, Washington, p101-103. 

27. Akanbi, O. (2016) The effect of highly pathogenic avian 
influenza (HPAI) H5N1 outbreaks on mixed-species poul-
try farms in Nigeria. J. World Poult. Res., 6(3): 147–152.

28. Younjung, K., Paritosh, K.B., Mohammad, G., 
Mahmudul, H., Rashed, M., Yu-Mei, C., Steve, E., 
Mohammed, A.S., Nicola, S.L., Ian, H.B., Natalie, M., 
Ahasanul, H., Nitish, C.D., Dirk, U.P. and Guillaume, F. 
(2018) Prevalence of avian influenza A (H5) and A (H9) 
viruses in live bird markets, Bangladesh. Emerg. Infect. 
Dis., 24(12): 2309–2316.

29. Suarez, D.L. (2008) Avian influenza. In: Swayne, D.E., 
editor. Avian Influenza. Blackwell Publishing, Ames, IA. 
p3–22.

30. Paul, F.H., Srey, V.H., Annika, S., Sopheak, T., Phalla, Y., 
Sareth, R., San, S., Davun, H., Sothyra, T., Sowath, L., 
Erik, A.K., Arnaud, T. and Philippe, D. (2018) Co-circulation 
of influenza A H5, H7, and H9 viruses and co-infected 
poultry in live bird markets, Cambodia. Emerg. Infect. Dis., 
24(2): 352–355.

31. Sakoda, Y., Ito, H., Uchida, Y., Okamatsu, M., 
Yamamoto, N., Soda, K., Nomura, N., Kuribayashi, S., 
Shichinohe, S., Sunden, Y., Umemura, T., Usui, T., 
Ozaki, H., Yamaguchi, T., Murase, T., Ito, T., Saito, T., 
Takada, A. and Kida, H. (2012) Reintroduction of H5N1 
highly pathogenic avian influenza virus by migratory water 
birds, causing poultry outbreaks in the 2010–2011 winter 
season in Japan. J. Gen. Virol., 93(3): 541–550.

32. Choi, J.G., Kang, H.M., Jeon, W.J., Choi, K.S., Kim, K.I., 
Song, B.M., Lee, H.S., Kim, J.H. and Lee, Y.J. (2013) 
Characterization of clade 2.3. 2.1 H5N1 highly pathogenic 
avian influenza viruses isolated from wild birds (mandarin 
duck and Eurasian eagle owl) in 2010 in Korea. Viruses, 
5(4): 1153–1174.

33. Rabinowitz, P.M., Galusha, D., Vegso S., Michalove, J. and 
Rinne, S. (2012) Comparison of human and animal surveil-
lance data for H5N1 influenza A in Egypt 2006–2011. PLoS 
One, 7(9): e43851.

34. Shahid, M.A., Abubakar, M., Hameed, S. and Hassan, S. 
(2009) Avian influenza virus (H5 N1); effects of physi-
co-chemical factors on its survival. Virol. J., 6(1): 1–6.

35. Paek, M.R., Lee, Y.J., Yoon, H., Kang, H.M., Kim, M.C., 
Choi, J.G., Jeong, O.M., Kwon, J.S., Moon, O.K., Lee, S.J. 
and Kwon, J.H. (2010) Survival rate of H5N1 highly patho-
genic avian influenza viruses at different temperatures. 
Poult. Sci., 89(9): 1647–1650.

36. Sarker, S., Talukder, S., Chowdhury, E.H. and Das, P.M. 
(2011) Knowledge, attitudes and practices on biosecurity of 
workers in live bird markets at Mymensingh, Bangladesh. 
ARPN J. Agric. Biol. Sci., 6(6): 12–17.

37. European Food Safety Authority, European Centre for 
Disease Prevention and Control, European Union Reference 
Laboratory for Avian Influenza, Adlhoch, C., Fusaro, A., 
Gonzales, J.L., Kuiken, T., Marangon, S., Niqueux, É., 
Staubach, C., Terregino, C., Aznar, I., Muñoz Guajardo, I. 
and Baldinelli, F. (2022) Avian influenza overview 
December 2021 - March 2022. EFSA J., 20(4): e07289.

38. Graiver, D.A., Topliff, C.L., Kelling, C.L. and  
Bartelt-Hunt, S.L. (2009) Survival of the avian influenza 
virus (H6N2) after land disposal. Environ. Sci. Technol., 
43(11): 4063–4067.

39. Dovas, C., Papanastassopoulou, M., Georgiadis, M.P., 
Chatzinasiou, E., Maliogka, V.I. and Georgiades, G.K. 
(2010) Detection and quantification of infectious avian 
influenza A(H5N1) virus in environmental water by 



Veterinary World, EISSN: 2231-0916 1690

Available at www.veterinaryworld.org/Vol.15/July-2022/11.pdf

using real-time reverse transcription-PCR. Appl. Environ. 
Microbiol., 76(7): 2165–2174.

40. Yamamoto, Y., Nakamura, K., Yamada, M. and Mase, M. 
(2010) Persistence of avian influenza virus (H5N1) in feath-
ers detached from bodies of infected domestic ducks. Appl. 
Environ. Microbiol., 76(16): 5496–5499.

41. Xiaoyan, Z., Youming, W., Hualei, L., Fusheng, G., 
Suhail, A.D., Carl, S., Archie, C.A.C., John, E., Baoxu, H. 
and Ricardo, J.S.M. (2018) Effectiveness of market-level 
biosecurity at reducing exposure of poultry and humans to 
avian influenza: A systematic review and meta-analysis. J. 
Infect. Dis., 218(12): 1861–1875.

********


