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V C���tuv��� ���� � 
V C��tuv��� �����Eq = (S-f1)/Nobs avec Yi la fr�quence d1observation de l1unit�

i, a une distribution asymptotique normale centr�e r�duite. Donc pour un test unilat�ral, si �o>1.65, alors il peut 7tre conclu que les donn�es de comptages tronqu�es en z�ro �tudi�es sont 

significativement sur-dispers�es avec un risque p de 0.05. Il a �t� montr� que ce test est valable 

m7me si les �chantillons sont de petite taille (Baksh et al., 2011). Dans le cas d1une sur-

dispersion significative, le mod�le simple de Poisson tronqu� en z�ro ne peut plus 7tre utilis�

pour mod�liser de mani�re r�aliste les donn�es de capture-recapture tronqu�es en z�ro, et les 

mod�les alternatifs doivent alors 7tre consid�r�s. 
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Article accepté dans la revue Emerging Infectious Diseases  

ABSTRACT 

The influence of poultry vaccination on spontaneous notifications of highly pathogenic avian 

influenza (H5N1) outbreaks among poultry in Egypt was investigated using a capture-recapture 

methodology. The probability of spontaneous notification dropped significantly during mass 

vaccination of household poultry, even though the probability of infection remained the same. 

TEXT 

Egypt declared its first occurrence of highly pathogenic avian influenza (H5N1) among poultry 

on February 16
th
 2006 (Aly et al., 2008), and the first human case on March 20

th
 2006. To date, Egypt 

remains the most affected country outside Asia (FAO, 2011). Apart from poultry vaccination (begun 

in March 2006), other measures were implemented to control the disease, but outbreaks in poultry and 

humans were still regularly reported from various governorates. In July 2009, vaccination in 

household poultry was stopped (Peyre et al., 2009). The objective of this study was to assess the effect 

of household vaccination on the spontaneous reports of highly pathogenic avian influenza (HPAI) 

cases in poultry. The completeness of the spontaneous reports of poultry cases at district level both 

during and after the mass vaccination was estimated using a four-source capture-recapture 

methodology (Hook and Regal, 1995).  
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The study  

Two time periods of the same duration but different vaccination activities were selected: Period 

1 (December 2008 to June 2009) was associated with household poultry vaccination and Period 2 

(December 2009 to June 2010) with no vaccination (Figure 1). It should be noted that commercial 

poultry in Egypt were still being vaccinated for avian influenza (AI) throughout the study period. The 

epidemiological unit of interest was the district where HPAI (H5N1) virus was circulating among 

poultry, as it was the smallest administrative unit used for defining surveillance and control strategies. 

The estimated occurrence of HPAI (H5N1) during these two periods was thus measured at district 

level. 

Figure 1: Number of districts where HPAI (H5N1) virus was found to be circulating among poultry 

(dark bars) and humans (white bars) in Egypt between January 2008 and December 2010. 
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HPAI virus (H5N1) could clearly be detected through the national surveillance of poultry 

coordinated by the General Organization for Veterinary Services (GOVS) in conjunction with the 

Central Laboratory for Quality control of Poultry production (CLQP) based in Cairo. During the two 

periods, poultry surveillance could be schematically divided into three distinct surveillance protocols: 

(i) passive surveillance relying on spontaneous disease reporting by farmers; (ii) active surveillance 

targeting pre-slaughter poultry and high-risk areas (high-risk areas being defined by the GOVS poultry 

department based on specific criteria such as poultry density, previous HPAI (H5N1) human cases and 

HPAI (H5N1) poultry cases detected in previous months); (iii) community-based animal health 

outreach, a participatory surveillance relying on traditional information networks to track down and 

confirm HPAI (H5N1) outbreaks in areas where the virus is suspected to be circulating. Data from 

these complementary protocols were provided by the ECTAD Unit of the Food and Agriculture 

Organization (FAO) in Egypt based on data from GOVS and CLQP.  

Additionally, as most human cases are assumed to be linked to infections in poultry (Dudley, 

2009; Abdelwhab and Hafez, 2011; Murray and Morse, 2011), it was postulated that a human case in a 

district revealed virus circulation among poultry within that district. It was therefore hypothesized that 

a human could not get the infection from outside the district of residence. The surveillance protocol of 

human cases is based on spontaneous reporting of suspicions in district hospitals followed by 

confirmation by the Central Public Health Laboratory in Cairo and the US Medical Research Unit No. 

3 (NAMRU-3) (Kandeel et al., 2010). Data on human cases were provided by the ECTAD Unit. From 

this list, one case from Period 2 was excluded as its link to exposure to sick or dead poultry was not 

confirmed. 

Capture-recapture methods were introduced in ecology for estimating the size of wild 

populations and subsequently adapted to surveillance of infectious diseases in humans and animals 

(Hook and Regal, 1995; Del Rio Vilas et al., 2005; Vergne et al., 2012). Briefly, after accounting for 

the small sample size of our study (Hook and Regal, 1997), cross-detection frequency data (Table 1) 

were modelled with log-linear models (Fienberg, 1972). It is crucial to assume that there is no four-
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way interaction (Hook and Regal, 1995). The best model was selected based on the Akaike 

Information Criterion (AIC) and projected onto the no detection history to estimate the frequency of 

districts where the virus was circulating but not detected (Hook and Regal, 1995). 

Table 1

Detection history of HPAI (H5N1)-infected districts in Egypt for Period 1 (December 2008-June 2009, 

AI vaccination in household poultry) and Period 2 (December 2009-June 2010, no AI vaccination in 

household poultry)  

*Active surveillance of poultry, †Passive surveillance of poultry, ‡Participatory surveillance of 

poultry, §Surveillance in humans 

For Period 1, the best model was the independent model that assumed no interaction between 

any of the four detection sources. For Period 2, a significant positive interaction was detected between 

passive surveillance and participatory surveillance. Inferences based on these two selected models are 

reported in Table 2. The extent of the two epidemics appeared similar at district level. Indeed, the real 

number of infected districts was estimated to be around 126 and 133 for Period 1 and Period 2 

respectively (Table 2). Therefore, it is obvious from Figure 1 that surveillance suffered heavily from 

underreporting during Period 1. Indeed, the completeness of poultry surveillance at district level 

AS* PS† Part.S‡ SH§ Period 1 Period 2

1 0 0 0 13 6

0 1 0 0 22 38

0 0 1 0 4 5

0 0 0 1 15 4

1 1 0 0 3 7

1 0 1 0 1 1

1 0 0 1 7 1

0 1 1 0 1 20

0 1 0 1 2 3

0 0 1 1 1 1

1 1 1 0 1 2

1 1 0 1 2 1

1 0 1 1 0 0

0 1 1 1 0 5

1 1 1 1 1 2

0 0 0 0 ? ?

Number of districtsDetection protocol
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increased significantly, rising from 46% to 69% between the two periods. Moreover, the completeness 

of spontaneous disease reporting by poultry farmers during Period 2 was estimated to be more than 

twice as high as during Period 1.  

Table 2

Estimated surveillance parameters of interest for Period 1 (December 2008-June 2009) and Period 2 

(December 2009-June 2010) 

Point 

estimates
95% CI*

Point 

estimates
95% CI*

Number of infected districts 126 107-159 133 118-160

Completeness of the four detection sources 0.58 0.46-0.68 0.72 0.60-0.81

Completeness of the surveillance among poultry 0.46 0.36-0.54 0.69 0.58-0.78

Completeness of the passive surveillance 0.25 0.20-0.30 0.59 0.49-0.66

Period 1 Period 2

Estimated parameters

*95% confidence interval 

For Period 2, the significant dependence between passive surveillance and participatory 

surveillance may be explained by the fact that the latter usually targets zones where HPAI (H5N1) 

virus circulation had been informally reported, potentially overlapping spontaneous reports and thus 

producing a direct positive dependence on passive surveillance. In addition, it is worth noting that no 

positive dependence between surveillance of humans and active or participatory surveillance of 

poultry was detected, even though it could have been predicted because of possible investigations into 

poultry cases following human cases. This finding highlights an ongoing limitation in information 

exchange between public health and veterinary services in Egypt. 

The assumption of no four-way interaction between the four detection sources is the most 

critical aspect of this application. Indeed, it is possible that all four sources detected heavily-infected 

districts with a higher probability than little-infected districts. As a consequence, for each period, this 

indirect four-way interaction is likely to underestimate the true number of districts where HPAI 
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(H5N1) virus was circulating among poultry (Hook and Regal, 1995), missing some districts with only 

few outbreaks. The consequence of such an underestimation is a slight overestimation of the 

completeness of each source. However, it should not influence the overall trend estimated between the 

two periods. 

Conclusions 

This study confirms the hypothesis of a potential negative impact of mass AI vaccination of 

household poultry on spontaneous reporting of cases (Peyre et al., 2009). This phenomenon could be 

due to changes in the clinical features of the disease linked to vaccination (lower mortality rate, limited 

clinical symptoms). However, these changes should be considered negligible due to the limited 

efficacy of this vaccination strategy in the field (Peyre et al., 2009). A disproportionate trust in the 

benefits of AI vaccination may be more plausible. This factor could lead to a misdiagnosis of the 

disease by the community who could think that if poultry are vaccinated, they could no longer be 

infected by HPAI (H5N1).  

The results of this study have a major impact on the outcome of the evaluation of Egypt’s HPAI 

(H5N1) control program. Indeed, the effectiveness of AI vaccination could easily be overestimated if 

only the number of reported outbreaks between the two periods is taken into consideration. This study 

highlights the critical importance of the quality of data used in the evaluation of animal and public 

health control programs. 
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