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Abstract 

Highly pathogenic avian influenza virus (HPAI H5N1) has caused drastic economic losses in the poultry sector in 

Egypt, as well as many human deaths, predominantly among women and children. As primary caretakers of a 

growing poultry industry, women represent a potentially powerful front line for efforts to control and mitigate 

influenza outbreaks. To understand the factors associated with the high number of cases of avian influenza in Egypt, 

we sought to identify the social and cultural habits that were most likely to put women and children at risk of 

infection and to identify best practices to mitigate exposure. We carried out a questionnaire survey of 306 Egyptian 

respondents to assess their (HPAI H5N1) related knowledge, practices, and attitudes. We found that smaller farms 

and the practice of throwing chicken carcasses into refuse piles were significant factors contributing to (HPAI H5N1) 

infections. In contrast, hand washing was shown to reduce the probability of influenza occurrence in villages. 

Results suggest that educational programs focused on women have the potential to significantly reduce (HPAI H5N1) 

infections and the spread of this disease in Egypt. 
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1. Introduction 

In the last decade, the highly pathogenic avian influenza (HPAI H5N1) has attracted considerable global attention 

due to its ability to infect and cause illness and/or death to, both domesticated and wild birds, and to be transmitted 
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from poultry to humans by direct contact [1]. Additionally, other domestic animals, such as dogs, cats and even 

donkeys [2] can be infected by eating sick or dead birds [3, 4]. Influenza virus first emerged in Egypt in December 

2005 [5] in migratory duck populations in the governorate of Damietta. In February 2006, the virus was widely 

found in Egyptian poultry [6]. Despite culling and vaccination of poultry in 2006, H5N1 virus spilled into the 

industrial poultry sector, as well as backyard and rooftop flocks of domestic birds. Currently, H5N1 virus appears to 

be endemic in Egypt, with the appearance of yearly seasonal peaks [7-9]. In 2010, Egypt recorded the highest 

number of confirmed human avian influenza cases outside Asia, and the second highest worldwide [10]. Since 2003, 

a total of 859 laboratory-confirmed cases of human infection with avian influenza H5N1 virus, including 453 deaths, 

have been reported to WHO from 16 countries. Of that number, 359 human cases, including 120 fatalities, were 

recorded in Egypt.  

 

Virtually all of these cases are believed to be the result of direct contact with sick or dead infected poultry raised in 

backyard flocks, according to World Health organization epidemiological reports with each reported cases. Social 

and cultural habits in rural areas in Egypt, especially the daily routine of women, are believed to be a main 

contributing factor in the exposure and transmission of avian influenza [11]. Married women are particularly 

vulnerable and at a higher risk for severe complications of HPAI during inter-pandemic periods because they are 

typically responsible for raising poultry, food preparation, and taking care of children, who are also at risk of 

exposure to infected poultry [12]. In addition to women having greater exposure to influenza, other factors may 

contribute to higher mortality in this group. For instance, the high mortality rate of women with HPAI H5N1 may be 

related to health issues such as obesity. Previous work has linked higher obesity with increased mortality from 

influenza infection [13, 14] and Egyptian women have one of the highest rates in the world especially in poor areas 

[15]. 

 

To understand the specific factors associated with increased influenza infections in this at-risk group, and provide 

policy makers with information for designing more effective influenza control programs in rural areas we sought to: 

1) compare the responses (via questionnaires) of a large sample of Egyptian farmers and poultry caretakers as to 

their knowledge, practice, and behavior towards backyard poultry, 2) define the importance of each respondent’s 

knowledge about HPAI and its influence on their everyday practices, 3) identify social and cultural aspect to those 

areas have had influenza infections over the span of three years to determine the risk for infections and spillover 

events, and 4) determine, from both questionnaire responses and basic environmental factors, those variables most 

closely associated with positive cases of influenza in backyard poultry. The information gathered from this 

investigation could be used as a guideline to help inform policy makers provide more effective influenza control 

programs in rural areas. 

 

2. Material and Methods 

2.1 Study design and sites selection 

The study was conducted at 16 sites across four governorates in Egypt: Damietta (3 sites), El Gharbia (3 sites), 

Menofia (6 sites), and Fayoum (4 sites) spanning three years (2010-2012). These sites represent the Nile Delta and 
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the northernmost bound of the Nile Valley. In each governorate, sites were selected to cover as many different 

habitats and farming practice types, so as to collectively best represent each governorate. Sites were typical rural 

areas, housing backyard poultry and surrounded by arable lands.  

 

2.2 Questionnaire analysis 

In this cross-sectional study, 306 respondents, aged between 17 and 55 years, were interviewed. The respondents 

were primarily farmers who had regular and direct contact with backyard poultry, responsible for poultry feeding, 

selling, cleaning the farm, slaughtering the birds, and removing feathers from the carcasses. A structured 

questionnaire was used to collect the data about respondent’s knowledge, practices, and their attitudes to reported 

infected cases. The questions were classified into three categories; Knowledge (K), Practices (P) and Attitudes (A). 

Only one respondent was interviewed per household. Collectively 63 questionnaires were administered in Damietta, 

61 in El Gharbia, 62 in Fayoum and 120 in Menofia. Answers were scored in a binary manner, with “Yes” answers 

scored as 1, and “No” answers as 0. (Appendix 1: Questionnaire questions (Supplementary file)). 

 

2.3 Statistical analyses 

The data from the questionnaire were compiled and entered into STATA [16]. Odds ratios (ORs) and the 95% 

confidence intervals (CIs) were estimated through a logistic regression model to test for associations between the 

different predictor factors. In order to determine the independent factors that were most closely and significantly 

associated with the occurrence of influenza at a site, conditional inference trees were run using the ‘party’ package 

under the R framework [17, 18]. Regression trees are a method by which response variables are split according to 

measures of variation such that within each splitting, variation is minimized. Predictor variables are allowed to 

compete with one another such that only those predictors that explain variation in the response across multiple 

iterations of both predictor and record subsets are deemed the best at explaining variation in the response [19]. For 

our study, we used each of the questions in the questionnaire as independent predictors (the ‘party’ package controls 

for potential non-independence of predictors), and the presence or absence of influenza at a site as the response in 

the conditional tree analysis. As the villages are relatively small in size and houses within a single village often 

share resources, refuse piles, and even behaviors and practices (Sheta, personal observation), we treated each village 

as the unit of analysis, such that if any poultry sample from a village had a positive influenza case, questionnaires 

from that village were scored positive in terms of influenza occurrence.  

 

3. Results 

The median age of the respondents was 43.8 (35-44) years (Table 1) and most (83%, n=254) were married with 

children. In 289 (94.4%) of the cases, adult women took care of poultry alone, while in 28 (9.2%) of the cases 

children of both sexes assisted the women in caring for poultry. Only 8 (2.6%) of males took care of poultry alone. 

Families jointly care taking for poultry was also uncommon (n=9, 2.9%). We found that 63.4% of respondents 

indicated that they had no intention to report H5N1 infections should an outbreak occur, while only 36.6% reported 

that they would notify different veterinary authorities. 
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Age group (years) 

Characteristics n % 

17 and less 2 0.7 

18-25 16 5.2 

25-34 41 13.4 

35-44 105 34.3 

45-54 71 23.2 

Over 55 60 19.6 

Marital status 

Single 5 1.6 

Married with children 254 83 

Married without children 20 6.5 

Widowed 3 1 

Main person who cares of poultry 

Female only 289 94.4 

Female and children 28 9.2 

Male help female 9 2.9 

Male only 8 2.6 

 

Table 1: Socio-demographic characteristics and poultry rearing responsibility of respondents (n=306). 

 

We found that middle-aged respondents (35-44) are statistically more knowledgeable than any other age group 

(OR=2.9, 95%Cl=1.419-6.047, P=0.004, Table 2). While younger respondents (18-25) are the group that tend to 

mostly report any H5N1 infection, we also found that their knowledge affects their attitude (OR=3.2, 95%Cl=1.014-

10.146, P=0.04, Table 3) and women’s knowledge plays a key role in their attitude toward reporting H5N1 

outbreaks in poultry (OR=2.5, 95%Cl=1.526-4.182, P<0.0001). Table 4 shows the number of respondents 

interviewed for questionnaires from each site collectively (n=306).  

 

Variables OR CI P 

Intercept  0.293 0.097-0.884 0.02 

Age* 18-25 0.834 0.206-3.376 0.8 

25-34 2.085 0.861-5.046 0.1 

35-44 2.929 1.419-6.047 0.004 

45-54 2.090 0.956- 4.566 0.06 

Gender 0.938 0.350-2.510 0.89 

Model: -2 Log likelihood = -184.8; χ²=11.49; df=5; p=0.0426; *The number of respondents 17 and younger and 55 

and older was insufficient for analysis. Bold indicates variables for which p<0.05. 

Table 2: Logistic regression analysis: Effect of age and gender on knowledge of respondents about the H5N1 virus. 
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Variables OR CI P 

Intercept 0.276 0.091- 0.834 0.02 

Knowledge 2.527 1.526- 4.182 >0.0001 

Age 18-25 3.208 1.014- 10.146 0.04 

25-34 1.622 0.694- 3.789 0.26 

35-44 1.431 0.713- 2.872 0.31 

45-54 1.598 0.760- 3.359 0.21 

Gender 1.255 0.463- 3.398 0.65 

Model: -2 Log likelihood = -189.36; χ²=18.52; df =6; p= 0.0051 

Table 3: Logistic regression analysis: Effect of respondent knowledge and age on their attitude toward reporting 

H5N1 outbreaks in poultry. 

 

Village name Questionnaires Poultry sampled 

(Tracheal and cloacal swabs) 

H5N1 detected in poultry 

Damietta governorate 

(June 2011) 

63 102 0 

Ezbet Sita 22 37 0 

Enania 15 25 0 

Sheta 26 40 0 

El Gharbia governorate 

(July 2011) 

61 99 0 

Delgamon 20 31 0 

Shubra Tana 19 32 0 

Tafhna el Azab 22 36 0 

Fayoumgovernorate 

(April-June 2010) 

62 491 9 

AbouNema 15 75 1 

Basher Saleh 15 149 0 

Fydimin 22 170 7 

Zhaina 10 77 1 

Menofia governorate 

(February-March 2012) 

120 550 0 

Beshtamy 20 119 0 

El Hamoul 19 92 0 

El Roda 19 77 0 
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Grace 22 80 0 

Manwahla 20 96 0 

Shanwan 20 86 0 

Total 306 1242 8 

 

Table 4: shows the numbers of respondents and questionnaires from each site; number of poultry samples and 

H5N1 positives. 

 

Some respondents, however, indicated that they would report to more than one authority (Figure 1). 

 

Figure 1: Attitudes of respondents towards reporting HPAI cases. Results indicate that the reporting of H5N1 in 

poultry is poor. 

 

To investigate which factors were more likely to lead to influenza outbreaks, we ran conditional tree analyses on a 

subset of questions falling within the general categories of knowledge (K), practice (P), or attitude (A) (Appendix 1 

(Supplementary file)). The analyses indicate that all factors tested, discarding dead birds in refuse piles was the habit 

that most clearly distinguished villages with positive cases (Figure 2, P=0.0001). To determine if the practice of 

discarding dead poultry into refuse piles could be caused by lack of knowledge of better disposal methods, we 

looked at the average knowledge (calculated as the average score on all knowledge (K) questions above) of farmers 

that did throw dead poultry into refuse piles versus those that did not. We found a significantly higher average 

knowledge score in respondents that disposed of poultry by other means as compared to those that threw poultry into 

refuse piles (Figure 4, P=3.5 × 10
-9

), suggesting that these respondents may understand the value of sanitary disposal 

techniques for sick or dead birds.  

 

Household area size was inversely proportional to the size of arable land. Farm size also helped distinguish positive 

from negative sites, with smaller farms (<197 m
2
) having more cases than larger farms (P=0.0001). Interestingly, 

medium-sized farms (>149 m
2
 but less than (<197 m

2
) had more occurrences of influenza cases than either small or 
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large farms. Finally, there were fewer cases of influenza where, farmers practiced hand washing with soap and water 

before and after direct contact with poultry, even in “high-risk” environments (P=0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conditional inference trees were used to identify among all variables which 3 were most important in determining 

differences in positive versus negative villages. Bar plots visualize the probability of H5N1 infection + “positive” 

and - “negative”, “***” indicate p=0.0001,”**” p= 0.001 and “*” p= 0.01. 

Figure 2: Conditional inference tree showing how respondent related knowledge, attitudes, and practices towards 

poultry raising and influenza, influenced whether villages were positive or negative for influenza. 

 

 

Means are significantly different (p=3.5 × 10
-9

). Average knowledge on the y-axis is a summary of the 17 questions 

concerning knowledge as indicated in Appendix 1 (Supplementary file). 

Figure 3: Difference in average knowledge between respondents that throw poultry into garbage as compared to 

those that do not.  
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4. Discussion 

The daily routine of women, namely their care and husbandry of poultry likely make them the most vulnerable 

group to influenza infection in Egypt. Our study shows that females are more likely to have daily routines that put 

them into direct contact with poultry and higher risk of HPAI H5N1 infection. This result is consistent with Lane 

and Meleis [11] who postulated that women’s health is influenced by their work and family responsibilities. Our 

results also confirm that in most Egyptian families, women and children are those most in direct contact with 

poultry. This is consistent with results from Kandeel et al. [20] who have previously reported that women and their 

children are at risk of infection as a result of caring for and slaughtering birds within the home. Women’s knowledge 

are key in their behavior and practices towards farming and raising poultry in Egypt. Middle-aged women (ages 35-

44) are more knowledgeable about infections of H5N1 than younger women, but those between the ages of 18-25 

years appear to be more diligent in reporting H5N1 poultry cases. This difference in the willingness to report 

outbreaks may be due to several factors: 1) past (perhaps negative) experiences with authorities by older women 

who reported earlier outbreaks; 2) younger women’s increased contact with outside agencies and/or government 

programs, or most encouragingly; 3) a generational change in rural women’s willingness to trust and accept the 

assistance offered by government agencies. It also suggests that targeting young women for education about daily 

practices that may prevent influenza infection is likely to be effective.  

 

We find that practices play a significant role in H5N1 spread, and more importantly good practices can decrease this 

risk. Discarding dead birds in refuse piles increased the possibility of contracting H5N1. Farm size also helped 

determine where H5N1 cases were observed, with large farms having the least occurrences of influenza and 

medium-sized farms having the greatest number of occurrences. It is possible that these medium-sized farms were 

unique in habitat and that size alone was not a determinant risk of influenza infection. For instance, the two medium-

sized farms located in Fayoum Governorate were surrounded by Lake Qaroun and large arable lands, and this 

unique feature may have facilitated the mixture between infected and uninfected birds. Even in relatively risky 

environments, we found that sanitary practice, such as washing hands during poultry handling activities, could 

reduce exposure to influenza. Previous research Khun et al. [21] has shown that lack of such sanitary practices on 

HPAI is one of the risk factors for the contracting and spreading of HPAI. The finding that the women who did not 

throw dead birds in refuse are more knowledgeable than women that did suggests that knowledge is an important 

factor in how women behave. This is also consistent with other studies that show that those who had more 

knowledge were also those who actually acted more preventatively [22-25]. Of greatest concern, however, is the 

proportion (over 63%) of negative responses towards reporting any poultry cases to veterinary authorities in Egypt 

(Figure 1). This raises the question as to why poultry caregivers make little or no effort to report possible cases. A 

number of factors may be responsible, including a lack of understanding of why reporting is important for their 

health, and a fear of government intervention due to economic loss. While the Egyptian government did take 

measures to mitigate some of the previous losses due to H5N1 outbreaks, their effectiveness has been debated 

creating a general phobia of outside authority. This may explain why vaccination services also fail to reach many 

areas in Egypt. It is likely that farmers who do suspect influenza cases or outbreaks, attempt to hide such outbreaks 
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via culling or selling of infected birds without notifying any governmental agencies. Similar findings were revealed 

in Nepal [22], where researchers found that only four percent of respondents reported cases of sick/dead poultry to 

authorities. Given the fact that dead poultry being thrown into refuse piles was a significant predictor of influenza 

cases within villages, this fear of intervention and subsequent culling of infected birds could be acting as a positive 

feedback for transmission in villages where dead poultry is disposed off in this manner. 

 

Our findings point to several ways in which the education of women in rural farm environments could help to 

prevent or mitigate the influenza occurrence in these areas. Such education measures could be delivered through 

various forms of media, such as television, newspapers, radio, educational programs, and/or by healthcare workers. 

Other studies in Cambodia, China, Taif and Saudi Arabia found that the main source for information on HPAI were 

radio and television [21, 26, 27]. The ability to reach hundreds or even thousands of people instantaneously has 

become increasingly easy in the last decade. Recent advances in cell phone technology and the acquisition of 

phones, even in rural areas of Egypt could favor a text-based delivery of health updates or outbreak notifications. 

Various research studies have attempted to explain why the HPAI H5N1 virus established on Egyptian farms have 

since become endemic and this has been the subject for more debate. In this study, we report that poultry rearing 

knowledge and practices could help explain some of these occurrences. We also emphasize the need for a greater 

importance to be placed on social and cultural practices in controlling avian flu in Egypt. The outcomes of the 

present study may help veterinary authorities and policy makers to find methods to improve the knowledge, and 

subsequently the health, of rural Egyptian women [28-31]. 

 

5. Conclusions 

The present study shows that rural women need education and training to improve their knowledge about H5N1, as 

this will have a direct effect on their health and reduce the risk associated with influenza in a country with yearly, 

severe outbreaks. Should such support be developed, rural areas will likely grow and act as a major source of food 

production in both agriculture and poultry trading. Through a concerted effort that includes careful and routine 

surveillance, mitigation of influenza cases when outbreaks do occur, and improvements in compensation programs 

to ease the economic burden of poultry loss for families that report infections among their poultry, we can ensure 

that these areas remain at their maximum productive potential while minimizing public health threat. Our results 

supported the idea that women are the main caretakers of poultry and are likely to be in direct contact with 

potentially infected birds. 
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