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Avian Influenza in Eastern Asia:  A Pandemic Alert? 
 

Chang-Won Lee 
 

Southeast Poultry Research Laboratory, USDA-ARS, 934 College Station Road, Athens, GA 30605 
 

Phone: 706-546-3464, Fax: 706-546-3161, Email: clee@seprl.usda.gov 
 
 
An unprecedented outbreak of H5N1 highly pathogenic avian influenza (HPAI) was reported in 
poultry from 8 different Asian countries beginning in December 2003. This avian influenza virus 
also had a zoonotic component with at least 23 reported cases in Vietnam and Thailand. 
Phylogenetic analysis of the 8 viral genes showed that the H5N1 viruses isolated from different 
countries were of avian origin and contained the HA and NA genes of A/goose/Guangdong/1/96 
lineage. Since the first detection in 1996 in Guangdong province, H5N1 viruses have shown 
considerable variation of the internal genes through reassortment with other AI viruses and 
continuous evolution of the HA and NA genes. The current H5N1 strains in Asia share a similar 
gene constellation that resembles the one first identified late in 2002 in Penfold Park, Hong 
Kong. However, the topology of the phylogenetic tree clearly differentiates the Vietnamese and 
Thai viruses from H5N1 viruses from other countries where no human infection was reported.  
 
The big question that remains with recent Asian HPAI outbreak is where the virus originated and 
how it spread to at least eight different countries. Southern China, where various species of 
poultry and pigs are raised alongside each other in high-density farms, has been considered a 
likely reservoir of new viruses with pandemic potential. Both H5 and H9 viruses related to 
human infections have been isolated or related to this region. However, China officially reported 
the H5N1 outbreak to the Office of International Epizooties only after the outbreak was reported 
in 7 other countries. Interestingly, China is the only country in the region that has been 
vaccinating birds with inactivated H5N2 virus. Thus, it is possible that China may have allowed 
the virus to spread widely without being detected until it has changed antigenically enough from 
the vaccine strain. Regarding the wide prevalence of H5N1 virus throughout eastern Asia, it is 
possible that the virus spread to different countries by people smuggling poultry, a practice 
reportedly widespread in southeast Asia or virus may have been undetected at quarantine 
stations. One more possibility is that wild birds may have played a role in introducing the viruses 
into different countries. However, no direct evidence to date indicates that wild birds are the 
source of the present outbreaks of HPAI H5N1. 
 
To better understand the true risk of currently prevailing H5N1 viruses in Asia, a comparative 
analysis of the viruses from different countries is urgently needed. This presentation will review 
the current knowledge in pandemic potential of the H5N1 virus and address the novel vaccine 
approach to help curb HPAI in Asia. 
 
 
 
_______________________________________________________________________ 
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Italian AI Epidemics: Their Influence on EU Control Strategies 
 

Alessandro Fioretti1 & Alessandra Piccirillo2 
 
1Department of Pathology and Animal Health, University of Naples “Federico II”. Via F. Delpino 1, 80137 

Napoli - Italy  
2Department of Public Health, Comparative Pathology and Veterinary Hygiene. University of Padua. 

Strada Romea 16, 35020 Legnaro (PD) - Italy 
 

1Phone number: 0039/81/451802; Fax number: 0039/81/5091993; E-mail: fioretti@unina.it 
2Phone number: 0039/49/8272968; Fax number: 0039/49/8272602; E-mail: alessandra.piccirillo@unipd.it 

 
 
In this presentation the Authors describe the LPAI and HPAI epidemics occurred in Italy in 
the last years and their role on influencing the measures applied by the European Union (EU) 
for the control and the eradication of Avian Influenza (AI). 
 
In the first part of the presentation, the Authors give some information about AI infections in 
birds (i.e. classification of AI infections, aetiology, epidemiology, molecular basis of 
virulence, and historical description of the major HPAI and LPAI epidemics occurred 
worldwide and their impact on the poultry industry). Furthermore, the regulations for AI 
control imposed by the Council Directive 92/40/EEC of 19

th May 1992 introducing 
Community measures for the control of avian influenza (OJ L 167, 22.6.1992, p. 1) are briefly 
described. In particular, the Authors illustrate the EU definitions of AI (current and proposed), 
the notification, the control measures, the competence for control measures, the 
regionalisation policy, the financial support and compensation, the vaccination and the EU 
Animal Health conditions for trade adopted in the EU.  
In the second part of the presentation, the recent Italian AI epidemics are reported. They have 
been subdivided as follows: 
 
1997-1998 H5N2 HPAI EPIDEMIC:  

- Aetiological agent: Influenzavirus type A; subtype H5N2; IVPI = 2.81-3; cleavage 
site = PQRRRKKR*GLF; A/chicken/Italy/330/97 (H5N2) 
- Duration: from 13.09.97 to 15.01.98 
- Number and spatial distribution of outbreaks: 8 outbreaks in backyard and semi-
intensive flocks in Veneto (7 outbreaks) and Friuli Venezia Giulia (1 outbreak) regions 
- Number of birds affected and stamped out: 7,731 (chickens, ducks, guinea fowls, 

etc.) 
- Epidemiological links: origin of the epidemic unknown; risk factors (marketing of 
infected birds, presence of mixed species and rearing of birds in the open)  
- Control policy: implementation of EU Directive 92/40/EEC (stamping out and 
movement restrictions)  

1999-2001 H7N1 LPAI & HPAI EPIDEMICS: further subdivided into:  
- 1st epidemic wave of LPAI:  

- Aetiological agent: Influenzavirus type A; subtype H7N1; IVPI = 0.00; cleavage site 
= PEIPKGR*GLF 
- Duration: from 29.03.99 to 16.12.99 
- Number and spatial distribution of outbreaks: 199 outbreaks (meat-type turkeys = 
164; turkey breeders = 6; layers = 12; broiler breeders = 11; broilers = 4 and guinea-
fowls = 2) in Veneto and Lombardia regions 
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- Control policy: NO implementation of EU Directive 92/40/EEC - only strict 
biosecurity measures (restriction movements) and serological monitoring 

 
- HPAI epidemic:  

- Aetiological agent: Influenzavirus type A; subtype H7N1; IVPI = 3.00; cleavage site 
= PEIPKGSRVRR*GLF; A/turkey/Italy/99 (H7N1); description of the emergence of 
the HPAI virus from the mutation of the LPAI virus 
- Duration: from 17.12.99 to 05.04.00 
- Number and spatial distribution of outbreaks: 413 outbreaks (meat-type turkeys = 
177; table-egg layers = 121; broilers = 39; broiler breeders = 29; backyard flocks = 25; 
guinea fowls = 9; turkey breeders = 6; ostriches = 3; pheasants = 2; pekin ducks = 1; 
quails = 1) in Piemote, Lombardia, Friuli-Venezia-Giulia, Veneto, Trentino, Emilia 
Romagna, Umbria, Sardegna and Sicilia regions 
- Number of birds affected and stamped out: 13,732,912  
- Epidemiological links: introduction of infected birds (0,5%); loading of birds for 
slaughter (9,1%); neighbourhood spread (within a radius of 1,000 mt.) (24,4%); 
vehicles (e.g. feed trucks) (20,4%); indirect contacts (visits, exchange of feedstuff, 
equipment, personnel, etc.) (10,7%) 
- Control policy: implementation of EU Directive 92/40/EEC (stamping out and 
movement restrictions)  
- Impact on poultry production: estimated direct losses: € 122 million; estimated 
indirect losses: € 385 million; estimated total losses: € 507 million  

- 2nd and 3rd epidemic waves of LPAI:  
- Aetiological agent: description of the re-emergence of H7N1 LPAI  
- Duration: from 20.08.00 to 24.11.00 (2nd epidemic wave) and from 22.12.00 to 
26.03.01 (3rd epidemic wave) 
- Number and spatial distribution of outbreaks: 55 outbreaks (meat-type turkeys = 51; 
quails = 4) (2nd epidemic wave) and 23 outbreaks (turkeys = 21 in meat-type turkey 
and 1 in turkey breeders; 3 farms located inside the vaccination area and among these 
only 1 vaccinated flock affected; table-egg layers = 1) (3rd epidemic wave) in Veneto 
region 
- Number of birds affected and stamped out: 779,000 birds stamped out and 900,000 
birds slaughtered (2nd epidemic wave); 283,700 (3rd epidemic wave) 
- Control policy: extraordinary eradication (stamping out and controlled marketing) 
and vaccination approved by the European Commission (Commission Decision 
2000/721/EC)  
- Impact on poultry production: € 7,525,728 (2nd epidemic wave) and € 2,736,326 (3rd 
epidemic wave) 

- Vaccination policy:  
- Vaccination program:  

- Duration: 18 months (from 15.11.00 to 15.05.02) 
- Vaccinated species: meat-type turkeys, table-egg layers (that apply the all-in all-out 
system), cockerels and capons (total no. of birds vaccinated 15,029,000; total no. of 
doses administered 45,800,000) 
- Vaccination zone: south of Verona province (1,156 km

2
) (poultry production in the 

vaccination zone = 586 poultry farms, more than 15 million of birds reared) 
- “DIVA” (Differentiating Infected from Vaccinated Animals) vaccination strategy: 
inactivated oil emulsion heterologous vaccine containing an H7N3 virus 
(A/CK/Pakistan/95/H7N3), i.e. the virus strain used in the vaccine was of the same H 
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type (H7) as the field virus but had a heterologous N (N3); clinical protection and 
reduction in viral shedding were ensured by the immune reaction induced by the 
homologous H group, while antibodies against the N induced by the field virus could 
be used as a marker of field infection; the possibility of using the diverse N group to 
differentiate between vaccinated and naturally infected birds was achieved through the 
development of an “ad hoc” serological test to detect the specific anti-N1 antibodies; 
the “discriminatory test” was an Indirect Immunofluorescence Test (iIFAT) based on a 
recombinant N1 protein expressed in a baculovirus vector 

- Territorial strategy:  
- Aim: monitoring the situation in the field (official controls and voluntary 
notification) 
- The identification of any LPAI infected farms relied on the notification of suspected 
cases by farmers and field veterinarians; official veterinarians carried out regular 
serological testing of poultry flocks at risk of infection; once an infected flock was 
identified, an epidemiological investigation was carried out in the affected farms by 
means of a standardized questionnaire to establish the possible origin of the infection 
and to identify flocks directly or indirectly at risk of infection; in case of the 
identification of an outbreak, although no compulsory eradication or compensation for 
LPAI is provided for in EU legislation, the Italian Ministry of Health opted for 
eradication; this was achieved by stamping out or by controlled marketing of 
slaughterbirds, on infected farms; the prohibition of restocking of poultry farms, and 
the enforcement of restriction measures on the movement of live poultry, vehicles and 
staff were imposed in the areas at risk; official monitoring of the areas at risk was 
implemented with the aim of identifying undiagnosed outbreaks and to evaluate the 
efficacy of the vaccination program in the field; the control of the vaccinated farms 
was achieved both through regular testing of sentinel birds and through the application 
of the N1-N3 discriminatory test; each vaccinated flock contained at least 1% of 
unvaccinated birds, which were appropriately identified to distinguish them from 
vaccinated animals; in vaccinated flocks at least 10 sentinel birds (95% probability to 
identify at least one positive bird if the prevalence of seropositive animals is 30%) 
were serologically tested every 45 days; alternatively 10 serum samples were collected 
from each shed and processed for the N1-N3 discriminatory test; a monitoring 
program to evaluate the efficacy of the vaccination protocols in the field was also 
carried out, with the regular serological testing of 20 vaccinated animals in at least 30 
randomly selected vaccinated farms (95% probability of identifying at least one non-
immunized flock if their frequency is  10%); in order to adhere to the vaccination 
campaign, farmers had to comply with strict biosecurity measures, and undergo 
regular inspections under official control 

- No vaccinated live birds or poultry products that originated from the vaccination zones were 
authorized for intra-community trade when the vaccination campaign started; after the first 
year of vaccination (30/11/01), the EU Commission lifted the marketing restrictions on fresh 
meat from vaccinated poultry provided that animals had been tested using the discriminatory 
test with negative results (Commission Decision 2001/847/EC) 
2002-2003 H7N3 LPAI EPIDEMIC:  

- Aetiological agent: Influenzavirus type A; subtype H7N3; IVPI = 0.00; cleavage site 
= PEIPKGR*GLF; phylogenetic analysis of the isolates 
- Duration: from 16.10.02 to 09.10.03 
- Number and spatial distribution of outbreaks: 388 outbreaks (meat-type turkeys = 
332; table-egg layers = 13; broiler breeders = 12; turkey breeders = 5; broilers = 4; 
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guinea fowls = 6; dealers = 11; quails = 3; ducks = 1; backyard flocks = 1; 88 
outbreaks in vaccinated meat-type turkey farms) in Piemonte, Lombardia, Veneto and 
Emilia Romagna regions 
- Number of birds affected and stamped out: 7,660,005 
- Control policy: strict biosecurity measures and movement restrictions; protection and 
restriction zones; stamping out and controlled marketing of birds on infected farms; 
serological monitoring of poultry farms; “DIVA” vaccination program approved by 
the European Commission (Commission Decision 2002/975/EC) currently being 
applied 

A single outbreak of H2N2 LPAI occurred in 2003 is also described.  
 
Finally, the Authors conclude the presentation showing the guidelines for the application of 
control policies for AI, the basic restriction and monitoring measures to be enforced on the 
movements of live poultry and poultry products originating from and/or destined for farms or 
plants located in the vaccination area (VA), the basic restrictions to be applied to the trade of 
fresh meat produced from poultry originating from the vaccination area (VA) and the 
monitoring measures in the vaccination area suggested by experts of Office International des 
Epizooties (Technical Item of the 71st General Session of the OIE, May 2003). 
 
The Authors acknowledge the OIE Reference Laboratory and National Reference Laboratory for Newcastle Disease and Avian Influenza - Centro Regionale per l’Epidemiologia 
Veterinaria (CREV)  (IZSVE - Padova, Italy); the Istituto Zooprofilattico Sperimentale della Lombardia e dell’Emilia - Osservatorio Epidemiologico Veterinario Regionale della 
Lombardia (OEVR) (IZSLER - Brescia, Italy); the Società Italiana di Patologia Aviare (SIPA) - Italian branch of World Veterinary Poultry Association (WVPA) and the Veterinary Public 
Health and Animal Pathology Department, Veterinary Medicine Faculty, University of  Bologna (Italy). 
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Quail in the Emergence of Novel Influenza Viruses 
 

Daniel R. Perez, PhD 
 

Virginia-Maryland Regional College of Veterinary Medicine.  University of Maryland, College Park.  
8075 Greenmead Drive, College Park, MD 20742. 

 
Phone: 301-314-6811, Fax: 301-314-6855, e-mail: dperez1@umd.edu 

 
 
Influenza A viruses (Hinshaw et al., 1980) replicate in the gastrointestinal tract of aquatic birds, 
which are considered the natural hosts, and are transmitted by the fecal-oral route (Hinshaw et 
al., 1980). Influenza A viruses in other hosts, including humans, have ancestral links to 
waterfowl influenza viruses (reviewed in Webster et al., 1992 and Webby and Webster, 2001).  
However, influenza viruses from waterfowl replicate poorly in humans (Beare et al., 1991) and 
other primates (Murphy et al., 1982), and human viruses replicate poorly in ducks (Hinshaw et 
al., 1983). Therefore, waterfowl viruses must undergo change before they can cross the species 
barrier.  Changes can be as small as single amino acid substitutions in the viral proteins or as big 
as the complete replacement of genes from one viral strain by the homolog counterparts in a 
different strain, the latter process known as reassortment. Because of the segmented nature of 
their genome, influenza viruses can easily reassort. Human influenza viruses are thought to be 
able to acquire genes from waterfowl influenza viruses through reassortment or adaptation in a 
mammalian intermediate host. Pigs, which are susceptible to infection with both avian and 
human influenza viruses (Kida et al., 1994), are postulated to be an important intermediate host 
that acts as a “mixing vessel” in which such reassortment takes place (Scholtissek et al., 1990). 
In nature, a limited number of avian and human influenza viruses have established stable 
lineages in pigs. Occasional transmission of influenza viruses from pigs to humans, with 
resulting respiratory disease, has also been documented (reviewed by Brown, 2000).  
 
In 1997, a new picture emerged when H5N1 viruses circulating in poultry in Hong Kong were 
transmitted directly to humans. Six, of 18 people infected, died (reviewed by Shortridge, 1999.)  
In 1999, viruses of the H9N2 subtype, which are endemic in poultry species in Asia, were 
transmitted to humans and pigs; they caused mild respiratory disease in some humans but were 
not lethal (Peiris et al., 1999; Lin et al., 2000; Guo et al., 1999). These incidents raised the 
possibility that land-based poultry species are a potential source of influenza viruses that can 
cross to humans (Shortridge et al., 1998; Webby and Webster, 2001).  Such notion has been 
reinvigorated in 2004, with the re-emergence of H5N1 viruses in Asia that transmitted to humans 
with subsequent fatalities (33 people infected, 22 deaths). In addition, the emergence of H7N7 
viruses in the Netherlands in 2003 that also crossed to humans causing respiratory disease and 
one fatality, and the recent H5 and H7 outbreaks in the U.S. and Canada in 2004 with serologic 
evidence for transmission to humans, have brought a sense of urgency for understanding the 
molecular mechanisms that leads to the adaptation of influenza viruses in land-based poultry. 
 
Recent observations suggest that the potential role of quail (Coturnix coturnix) as intermediate 
hosts in the interspecies transmission of influenza viruses has been underestimated. The first 
reported cases of influenza A respiratory disease in quail occurred in Italy during 1966-1968 

___________________________________________________________________________ 
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College, PA 
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(Nardelli et al., 1969). Mortality was observed in young birds in 13 different flocks. Influenza 
viruses of several subtypes (H5N2, H7N2, H7N3, H9N2, and H10N8) have since been isolated 
from quail in North America, Europe, and Asia in the course of sporadic surveillance (Guan et 
al., 1999; Guo et al., 2000; Saito et al., 1993; Suarez et al., 1999). Interestingly, quail infected 
with the highly pathogenic virus Turkey/Ontario/7732/66 (H5N9) show no signs of disease but 
can transmit the virus to chickens, which die of the infection (Tashiro et al. 1987).  Recently, 
Guan et al. (1999) showed that the H5N1 influenza viruses isolated from humans and poultry in 
Hong Kong in 1997 possessed internal genes phylogenetically related to those of the quail 
influenza virus quail/Hong Kong/G1/97 (H9N2). The quail/Hong Kong/G1/97-like influenza 
viruses continue to circulate in quail and in other minor land-based poultry in Hong Kong (Guan 
et al., 2000). Quail in Hong Kong also have a high incidence of infection with H6N1 influenza 
viruses whose NA and internal genes are phylogenetically indistinguishable from those of the 
H5N1/1997 viruses (Chin et al., 2002). Interestingly, quail infected with either H6N1 or H9N2 
viruses show no signs of disease, although they shed virus from the respiratory tract at high 
concentrations (Perez, et al. 2003b and unpublished results). Quail are also more susceptible than 
chickens to experimental infection with goose H5N1 influenza viruses from Southeastern China. 
The goose H5N1 viruses replicate in the respiratory tract of quail and are transmitted by aerosol 
(Webster et al., 2002).  Quail infected with the goose H5N1 viruses take longer than chickens to 
show signs of disease and to die, thus increasing the probability of transmission. These 
observations highlight the need for a better understanding of the role of quail as an intermediate 
host of influenza A viruses.  
 
We recently showed that quail are susceptible to influenza viruses of the H2, H3, and H4 
subtypes isolated from domestic ducks in a live-bird market in Nanchang, China (Liu et al., 
2002). Such viruses were also isolated from other land-based bird species in the same market, 
suggesting that they may already be adapted to land-based birds. In this study, we sought to 
better understand the susceptibility of quail to influenza A viruses circulating in the wild aquatic 
bird reservoir. We used influenza A viruses isolated from wild ducks and shorebirds in North 
America and Asia although a limited number of virus subtypes from wild birds of the Eurasian 
lineage is available. We examined these viruses’ ability to replicate and transmit in quail, and 
tested the replication and transmission in quail of influenza viruses from humans and swine. Our 
results suggest that quail can act as an intermediate host in which influenza viruses adapt and in 
which avian-mammalian reassortant viruses can be amplified before transmission to other 
species.  
 
Susceptibility of quail to avian influenza viruses isolated from aquatic birds. We determined 
the susceptibility of quail to avian influenza viruses isolated from aquatic birds and representing 
all 15 HA subtypes (complete details can be found in Makarova et al., 2003). Fourteen of the 15 
influenza subtypes tested replicated in quail; the exception was the H15 subtype, 
A/duck/Australia/341/83 (H15N8). The viruses replicated predominantly in the respiratory tract, 
although virus was occasionally isolated from the cloaca. Maximum virus titers were observed 3 
to 4 days after inoculation. The virus yield in tracheal samples allowed the separation of the 
viruses into three groups.  Although a single isolate of each subtype does not allow conclusions 
about the relative efficiency of replication of influenza viruses in quail, these results show that a 
broad range of influenza viruses from aquatic birds can replicate in the respiratory tract of quail. 
Only one of the viruses tested caused signs of disease in quail. Otherwise, quail remained healthy 
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and gained weight during the 10 days of observation. The exception was the H10 virus, which 
caused disease signs and death in 2 of 6 birds tested.  
 
Transmission of avian influenza viruses among quail.  Virus transmission in wild aquatic 
birds is thought to occur mainly through the fecal-oral route, because viruses replicate in the 
intestine of ducks and are excreted at high concentrations in the feces. However, the respiratory 
infection we had observed in quail suggested that these aquatic avian influenza viruses could be 
transmitted among quail via aerosol. For transmission experiments, we used the virus subtypes 
that had shown the highest yield in the replication experiments (H3, H4, H5, H7, and H10) and 
one subtype that had shown an intermediate yield (H2). Groups of three quail were inoculated 
with these viruses and placed in direct physical contact with three uninfected quail 1 day after 
inoculation. Three additional uninfected quail were placed in aerosol contact in an adjacent cage. 
There was no evidence of transmission of the H2, H3, H4 and H5 viruses by direct contact.  One 
quail in each direct contact group was infected with the H10 and H7 viruses. The birds placed in 
aerosol contact showed no evidence of infection suggesting that the direct contacts may have 
been infected through the drinking water. Therefore, although quail can be experimentally 
infected with at least 14 subtypes of influenza A virus, additional adaptation is required for 
efficient transmission of these viruses among quail.  
 
Replication of human and swine viruses in quail. Liu et al. (2003) reported the isolation of a 
human influenza A virus from the trachea of one quail. This finding and our observation that 
avian influenza viruses that are not adapted to quail can establish respiratory infections in these 
birds led us to test whether other human and swine influenza viruses could replicate in quail. We 
used both old and recently isolated H1N1 and H3N2 human influenza virus, to ensure that 
antigenic drift during adaptation to humans had not affected the ability of these viruses to 
replicate in quail. Quail inoculated with old strains of human influenza virus showed traces of 
virus in the trachea; A/USSR/90/77 (H1N1) virus was detected on day 1 after inoculation and 
A/HK/1/68 (H3N2) virus on days 1 and 2 after inoculation. It was not possible to ascertain 
whether the trace quantities of these viruses were the product of replication or merely remnants 
of the inoculum. The recent human influenza A and B viruses showed no evidence of replication 
in quail. It should be noted that the 1977 H1N1 and 1968 H3N2 human viruses may be 
considered more avian-like than currently circulating human influenza viruses. However, they 
had undergone numerous passages in eggs, a process that may have generated variants more or 
less adapted for replication in avian hosts. These results show that human influenza viruses 
undergo very limited replication in quail and that replication is unlikely to occur in nature, in the 
absence of prior molecular alteration.  
 
We tested three recent American isolates representing the classical swine H1N1 viruses and the 
H3N2 and H1N2 triple reassortants that have emerged recently in the U.S. swine population 
(Webby et al., 2001). Unlike the human influenza viruses, all three swine viruses replicated, 
albeit inefficiently, in the respiratory tract of quail. Virus shedding was observed for 3 days after 
inoculation with A/Sw/NE/22806/92 (H1N1) and for 4 days after inoculation with 
A/Sw/TX/4199-2/98 (H3N2). Traces of influenza A/Sw/MN/40318/99 (H1N2) virus were 
detected in the trachea of quail on day 1 after inoculation. All cloacal samples were negative, and 
no transmission by direct contact was observed (data not shown). Thus, although swine viruses 
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appear to replicate in quail more readily than human viruses, additional molecular alterations 
would be required to allow efficient replication and transmission in quail.  
 
The internal gene constellation of human influenza viruses is compatible with replication 
and transmission in quail. The molecular factors that determine the host range of influenza A 
viruses are polygenic. The specific factors that determine host range in quail are not known. To 
better understand the factors that contribute to influenza host range restriction in quail, we cloned 
and rescued by reverse genetics the recent human H3N2 influenza virus isolate 
A/Memphis/14/98 (H3N2) and replaced its surface glycoprotein genes with those of 
A/quail/Hong Kong/A28945/88 (H9N2) virus. Three quail were inoculated with this 
recombinant by oral, nasal, and ocular routes and were placed in direct contact with three 
uninfected quail. Cloacal and tracheal swabs were obtained daily from all birds for 12 days. As 
shown in Table 5, the recombinant was able to replicate and transmit in quail. Five days after 
inoculation, all birds in direct contact showed signs of infection, indicating efficient transmission 
of the recombinant virus. Similar results were obtained with a recombinant containing the 
surface genes of the same quail virus and the internal genes of A/Sw/TX/4199-2/98 (H3N2) virus 
(Perez et al., 2003a). Therefore, the replication and transmission of human and swine influenza 
viruses in quail is not restricted by their internal genes. In contrast, chickens inoculated with 
these recombinants did not transmit the viruses to other chickens, although traces of viral 
replication were observed (not shown). Similar experiments have shown that the internal genes 
of human viruses restrict their replication in the intestine of ducks (Hatta et al., 2002).  
 
Our finding suggests that adaptation is needed to allow influenza viruses to replicate and transmit 
in quail. Our observations are consistent also with the possibility that quail can be an 
intermediate host in which influenza viruses can adapt and generate variants that have the 
potential to cross to other animal species. In Hong Kong, public health officials no longer permit 
the sale of live quail in the poultry markets, where they are suspected of transmitting influenza 
viruses to other birds. However, live poultry markets in Mainland China and other parts of the 
world (including the U.S.) continue to mix many different species of aquatic and land-based 
birds (including quail). In one such market in Nanchang, China, this environment has been 
shown to be ideal for the perpetuation, reassortment, and diversification of influenza viruses (Liu 
et al., 2003). Interestingly, the same study found quail to be susceptible to all of the influenza 
virus subtypes circulating in the market. Influenza virus was isolated from quail less frequently 
than from ducks or chickens. This apparent discrepancy can be explained by the fact that samples 
were taken only from the fecal material under the cages, whereas the viruses replicate mostly in 
the respiratory tract of quail and chickens. Alternatively, quail may be infected early in life and 
be free of virus by the time they reach the market. Future surveillance studies in the live bird 
markets should consider sampling the trachea and cloaca of birds and performing serologic tests.    
 
The human viruses tested in our study did not replicate in quail, although our previous findings 
(Liu et al., 2003) suggest that they could eventually do so. To investigate which genes are 
responsible for this host range restriction, we used reverse genetics to create a recombinant 
human H3N2 virus with the HA (H9) and NA (N2) of a quail virus. This recombinant 
transmitted in quail, although the virus did not replicate to high titers in either the inoculated 
quail or the contact quail. These results are consistent with the idea that transmission of a virus is 
determined more by its “transmissibility” features than by its efficiency of replication. Thus, 
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emerging influenza viruses may acquire the surface characteristics that allow efficient 
transmission to a given host even before they replicate to high titers in that host. Efficient 
replication (and the ability to cause disease) would then result from several rounds of adaptation 
in the host. In conclusion, our results support the hypothesis that quail could play an important 
role as in intermediate host that permits the adaptation of influenza viruses from wild birds and 
the generation of variants that can cross to other species, such chickens, pigs, or humans. In 
addition, quail could provide an environment in which avian-mammalian reassortant viruses 
could be amplified, thereby increasing the likelihood of interspecies transmission. 
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Wild birds such as waterfowl and shore birds are major reservoirs of antigenically and genetically diverse 
populations of type A influenza virus.  Moreover, abundant epidemiological and virological evidence 
suggests that the influenza A viruses circulating in wild birds are ancestors of influenza A viruses that 
infect domestic birds.  However, this ancestral relationship does not mean that wild birds are the 
immediate source of all avian influenza (AI) outbreaks occurring in commercial poultry.  Several other 
reservoirs are possible sources of infection.  The other natural reservoirs where type A influenza viruses 
are normally maintained include humans, horses and swine.  In addition, domestic poultry and other 
confined birds may serve as reservoirs if influenza A virus infections are allowed to occur and persist. 
 
There is no evidence that the type A influenza viruses in the human and horse reservoirs have naturally 
infected or caused disease in commercial poultry.  However, the current widespread H5N1 AI outbreak in 
poultry in Asia and the associated human cases raise concern that infected humans could transport these 
viruses between flocks or even between countries. 
 
Swine have long been recognized as the most common source of H1N1 influenza A viruses that infect 
U.S. turkeys.  Now there is a new development.  Since 1998, H3N2 influenza A viruses have emerged 
and become established in U.S. swine populations.  This development raises the concern that the new 
H3N2 swine viruses may have the same potential to infect commercial turkeys as the H1N1 swine 
influenza viruses. 
 
Although wild bird-origin type A influenza viruses are very well adapted to their natural reservoir hosts 
and do not readily cross species barriers, direct introduction of these viruses into commercial poultry does 
occasionally occur.  This is best documented in Minnesota where wild bird-origin type A influenza 
viruses were directly introduced into commercial turkeys almost yearly during the 70s, 80s, and early 90s. 
 
You in the northeastern region of the United States are well aware of the last and most important 
reservoirs of influenza A viruses.  These reservoirs are domestic and confined birds that are not reared 
and maintained in large modern commercial poultry production systems.  This includes groups of birds 
such as backyard flocks, aviculturalist collections, specialty flocks, small poultry production flocks, game 
birds and game fowl, etc.  Permitting any influenza A virus to gain entry and circulate in flocks such as 
these represents a serious threat to those populations as well as commercial poultry. Premises where 
several avian species, including waterfowl and gallinaceous birds, are maintained under common 
management are particularly worrisome because they provide such good opportunities for wild bird-origin 
viruses to successfully cross species barriers and become adapted to gallinaceous birds.  The critical issue 
here is that type A influenza viruses already adapted to chickens and turkeys pose a much greater risk to 
commercial flocks than those that have not yet undergone the adaptation process. 
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On February 16, 2004, six 10 wk-old black and red broiler chickens were submitted to the 
TVMDL, Poultry Diagnostic Laboratory in Gonzales, Texas.   The chickens were grown for sale 
at the Houston live bird markets.  The flock had a history of gasping and the chickens submitted 
to the laboratory had easily heard moist rales.  On necropsy all the chickens had mucopurulent to 
caseous exudate in the sinuses and increased mucus in the trachea.  Most had fibrinous exudate 
in the thoracic airsacs and focal pulmonary edema.  Given the history and lesions observed, 
pooled sinus/tracheal exudate was tested immediately with the BD DirectigenTM Flu A test.  The 
DirectigenTM result was positive.  The chickens were submitted to the Poultry Diagnostic 
Laboratory after 4 PM but given the positive DirectigenTM result, arrangements were made to 
deliver sinus/trachea swabs for AI PCR to TVMDL, College Station that evening.  Serum 
samples collected at necropsy were tested by AI AGID also that evening and the morning of 
February 17 four of the six serum samples tested were AI AGID positive.  Later that morning, 
College Station reported AI Matrix RRT-PCR positive and AI H5 RRT-PCR positive results.  
Subsequently, NVSL, Ames, IA confirmed our results and isolated H5N2 AI.  The index flock 
was depopulated on February 21 and a total of 6,608 chickens were destroyed.  In addition, 
epidemiological investigations conducted by the Texas Animal Health Commission (TAHC) 
identified two live birds markets in Houston with AI positive chickens.  These two markets were 
depopulated and three additional markets voluntarily depopulated.  On February 27, USDA 
reported that the amino acid sequence of the hemagglutinin cleavage site of our isolate was 
compatible with Highly Pathogenic Avian Influenza.  On March 1, NVSL completed their 
intravenous pathogenicity testing and reported that no deaths or illness were observed in the 
inoculated chickens.  A joint USDA/TAHC surveillance program was conducted in order to 
regain HPAI-free status for Texas and the U.S.  A total of 2,938 serum samples were tested by 
AI AGID and a total of 3,595 trachea and cloacal swabs were tested by AI RRT-PCR.  No 
additional positive flocks were identified.  On April 1, the outbreak was declared over.     
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For the first time in the history of Delaware poultry Avian Influenza was diagnosed in a 
non-commercial and in a commercial broiler farm and in a commercial broiler farm in the 
state of Maryland. Low path H7N2 was the subtype found in the three breaks detected. 
 
The index case was found on Feb 5th. The farm involved was the only one known to the 
authorities in Delmarva to deal with the live bird market (LBM) system in New York 
City. Samples from all ages taken from the affected house were found positive for 
Directigen Flu- A, Binax Now, Real time PCR, Elisa and AGID test. 
 
Delmarva Poultry Industry’s Emergency task Force Committee and state and federal 
authorities coordinated the logistics for testing and quarantine A stirring sub-committee 
(war lords) was organized with poultry industry veterinarians, DE and MD, State 
Veterinarians as well as Secretaries of AG, Universities of Delaware and Maryland 
poultry professionals and USDA authorities.  Sampling of birds dead and alive older than 
3 weeks of age within the 2 and 5 mile radius established quarantine area started 
immediately as well as preslaughter flocks.   No positive samples were found within the 5 
mile area.  The second case was found on Feb 9th on a commercial broiler farm just 1 
mile outside the quarantine area. Both farms were sacrificed and composted in house. 
The area of sampling was expanded to cover a large area of Delaware and north part of 
Maryland. Most of the samples from preslaughter flocks were submitted to NVSL (Ames, 
IOWA) for testing due to the large number of houses tested.  After29 days of extensive 
testing  beyond  traditional epidemiological  quarantine areas, the third case was found in 
the Maryland part of Delmarva on March 5th @ 55  miles away from the last case. The 
extensive testing ended in April 14, 2004 with no more positive samples found.  The total 
numbers of test done were:  
 
                   #Farms        Houses                Real Time-PCR tests 
 
Lasher Lab 1101             2671                         5342 
NVSL         1276             3193                         6386 
    
Total           2,377          5,864                        11,728 
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High poultry mortalities are usually encountered during catastrophic events such as infectious 
disease outbreaks that require depopulation. Acceptable methods of disposal of poultry carcasses 
with highly pathogenic disease are determined by state regulatory authorities and may include 
burial, incineration, landfill disposal, rendering, and composting. Out of these five methods, 
composting of mortalities on the farm appears to be the most acceptable because it averts 
potential groundwater pollution from burial, avoids high fuel costs and potential air pollution 
from incineration, and prevents potential disease spread associated with transportation to 
landfills and the high transport costs and tipping fees.  If properly done, in-house composting of 
poultry carcasses may be a cost-effective and biosecure means of inactivating pathogenic 
microorganisms like Avian Influenza (AI) virus in both the carcass and litter. 
 
In-house composting of poultry carcasses from depopulated AI-infected flocks was tested and 
proved to be a practical, cost-effective, and biosecure method of carcass disposal during the 2004 
AI outbreak on the Delmarva peninsula.  Not only was the virus completely inactivated (as 
proven by the negative virus isolation results at the first turning and prior to compost removal), 
but the outbreak was contained effectively as evidenced by consistently negative AI surveillance 
tests more than a month after the last reported outbreak on March 5, 2004.  Certain regions 
affected by AI outbreaks may consider in-house composting as a worthy alternative to landfill 
disposal, burial, incineration, or rendering because: 

1. the high temperatures (135-145oF) generated by the composting process inactivates the 
virus; 

2. avoiding the transport of infected carcasses to landfills prevents further spread of the 
virus; 

3. the process averts groundwater pollution associated with burial, prevents air pollution 
generated by incineration, and avoids the high costs associated with transport to landfills. 

 

______________________________________________________________________________ 
Presented at the 76th Northeastern Conference on Avian Diseases, June 9-11, 2004, State 
College, PA 

mailto:nlt@umd.edu


 17 

Multiplex RT-PCR for Avian Influenza Viruses 
 

Zhiqin Xie and Huaguang Lu  
 

Animal Diagnostic Laboratory, Department of Veterinary Science 
The Pennsylvania State University, University Park, PA 16802 

 
tel: (814)863-4369; fax: (814)865-4717; email: hxl15@psu.edu 

 
 

Multiplex PCR is the simultaneous amplification of more than one target sequence in a single 
reaction using more than one primer pair. This coamplification of two or more targets in a single 
reaction is dependent on the compatibility of the PCR primers used in the reaction. In our present 
study, a multiplex RT-PCR for avian influenza viruses (AIVs) has been developed to detect 
general nucleic proteins for all subtypes of AIVs and subtype-specific hemagglutinin (H) 
proteins for H5 and H7 subtypes. Our preliminary results indicate that this multiplex RT-PCR 
has successfully amplified AIV general nucleic proteins at 750bp for H1N1, H2N2, H3N2, 
H4N8, H5N2, H5N3, H5N9, H6N8, H7N2 and H9N1 reference strains tested, and  specifically 
amplified H proteins at 410bp for H5N2, H5N3 and H5N9 and at 518bp for H7N2 AIVs. The 
AIV general or group- and subtypes-specific primers are highly sensitive and specific for AIVs, 
that detected as low as 2 x 10-4 HA units of H5 N3 and H7N2 viruses, and did not amplify other 
avian viruses tested, i.e.,  paramyxovirus type 1, infectious bronchitis virus Mass and Conn 
subtypes, infectious laryngotrachitis virus, fowl poxvirus, fowl adenovirus and reovirus.  
Continuing evaluation of this multiplex RT-PCR for AIVs are in progress using clinical and field 
AIV specimens, and additional available data will be presented.    
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Transmissible viral proventriculitis (TVP) was experimentally reproduced by intraocular 
inoculation of SPF chickens with proventricular homogenates collected from TVP-affected 
commercial broiler chickens.   Thin-section electron microscopy identified the presence of virus-
like particles, approximately 70-nm in diameter, within nuclei of proventricular epithelium.  
Virus particles resembled adenoviruses, based on size, morphology and site of morphogenesis.  
Attempts to propagate these TVP-associated adenovirus-like viruses (TVP-ALV) using various 
avian and mammalian  cell cultures were not successful; however, TVP-ALV was successfully 
propagated by inoculation of 15-day-old embryonated chicken eggs by the amniotic route.  
Embryo infection with TVP-ALV did not adversely affect hatchability.  Examination of 
inoculated hatchlings at 2 days of age revealed: 1) proventricular lesions consistent with TVP, 2) 
immunohistochemical localization of antigens in proventricular epithelium using a TVP-specific 
antiserum, 3) approximately 70-nm adenovirus-like viruses within nuclei of proventricular 
epithelium (thin-section electron microscopy), and 4) approximately 70-nm, adenovirus-like 
viruses in intestinal contents (negative stain electron microscopy).   Immunohistochemical and 
PCR procedures using antisera and oligonucleotide primers specific for groups I, II and III avian 
adenoviruses failed to recognize TVP-ALV, suggesting that this virus is distinct from known 
avian adenoviruses. 
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An avirulent strain of Hemorrhagic Enteritis Virus (HEV-A) that is commonly used in 
live vaccines for commercial turkeys was studied to determine characteristics of 
infection. It has been observed that turkeys infected with HEV-A maintain protective 
antibody levels in excess of 20 weeks post-vaccination. It is theorized that this immune 
response is modulated by either a persistent chronic infection or viral latency. A trial was 
conducted to evaluate the effect of corticosteroid (dexamethasone) administration on viral 
recrudescence.  
 
Eighteen birds were orally inoculated with 100 TID50  of  HEV-A. Ten birds served as 
uninoculated controls. Blood samples were taken every 7 days for 105 days. Two birds 
from each group were euthanized on day 101 post-inoculation (pi) and tissue samples 
were collected. Tissues included bursa, bone marrow, spleen, liver, and kidney. The 
remaining birds were divided into four groups based on viral inoculation and 
dexamethasone (Dex) treatment: 8 HEV+/Dex+, 8 HEV+/Dex-, 4 HEV-/Dex+, 4 HEV-
/Dex-. Birds in the Dex (+) groups were injected intramuscularly with 7 mg/kg of Dex on 
day 101-104. Birds from each group were euthanized on day 103, and remaining birds 
were euthanized on day 105. Tissue samples were collected from all birds. Antibody 
titers were determined by ELISA. Nested Polymerase Chain Reaction (PCR) and Agar 
Gel Precipitin (AGP) assays were used to detect viral DNA and protein in tissues. 
Histopathology was performed on formalin fixed paraffinized tissues.  
 
Antibody titers reached detectable levels by 2 weeks pi, plateaued after 4 weeks pi and 
then remained high through 14 weeks pi. Viral protein was not detected in tissues by 
AGP nor were any histopathological changes associated with viral replication seen. Viral 
DNA was detected by nested PCR in various tissues 15 weeks pi in the face of high 
antibody titers. There was no apparent relationship between dexamethasone treatment 
and the presence of viral DNA. It is unknown whether the viral DNA detected was 
associated with live virus. IPA and in-situ hybridization assays are being developed to 
clarify the location and form of virus detected by the nested PCR.  
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Hemorrhagic enteritis virus is a Siadenovirus that causes disease in turkey poults 
characterized by splenomegaly, depression, bloody diarrhea, and death. The molecular 
basis of virulence is not well understood, though it is suspected that death results from  
systemic shock associated with massive release of cytokines. An avirulent strain of HEV 
(HEV-A) that is commonly used in live vaccines is serologically indistinguishable from 
the virulent strain. It actively replicates in vaccinated birds, but apart from transient 
immunosuppression, it causes no clinical disease. Virulent HEV was sequenced in 1998, 
revealing only a distant relation to other members of the Aviadenoviridae. Portions of 
HEV-A had been previously sequenced, and they all indicated a very high level of 
homology between the two strains. The complete genome of HEV-A was sequenced to 
allow for full comparison with the virulent strain and determination of virulence factors.  
 
The genome of the avirulent strain is 26,266 base pairs in length with a G/C content of 
34.91%. There are 44 point mutations relative to the virulent strain, resulting in 18 
putative amino acid changes within major open reading frames (ORFs). Two of these 
occur within  the fiber gene and may be responsible for structural alterations. In addition, 
a frame-shift resulting in the disruption of the start codon for ORF 1 was found. ORF 1 is 
a region with a high level of similarity to other proteins with sialidase activity. This gene 
is characteristic for Siadenoviridae and may play a role in target cell recognition. It is not 
currently known which of these genetic variations is responsible for virulence differences 
between the strains, but analysis of the sequence data is a major step toward a full 
understanding of the causes of clinical disease and the development of an improved 
vaccine.  
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The use of live vaccines poses the concern of artificially introducing the virus into the flocks and 
provides the potential of emerging new IBV strains by either point mutation or recombination. 
Lately, a new approach was taken and more interest has been directed towards the use of 
recombinant DNA vaccines as safer, more efficient ways of introducing immunity against 
diseases. In-ovo vaccination makes DNA-based vaccines more competitive and effective against 
poultry disease agents, because manual labor is eliminated and hatching chickens have been 
already vaccinated, thus giving them a better chance to be protected in an early age. The purpose 
of this study was to delineate the expression of IBV-S genes in the internal organs after hatch  
 
We have selected the plasmid, pTracer-CMV-2 (Invitrogen, CA) which expresses Green 
Fluorescence Protein (GFP); we have cloned the S gene of IBV Mass 41 into the plasmid 
pTracer-CMV-2. Two methods of inoculation were used. In first method, we have injected the 
recombinant plasmid into the amniotic cavity of the 18 days embryonating SPF eggs. The second 
method of inoculation was performed using DMSO as a vehicle, and injected into the air 
chamber of the 18 days embryonating SPF eggs. Three days post-inoculation, at hatching, all 
hatchlings were sacrificed and their spleens, thymuses, and bursas of Fabricius were removed for 
tests. Sections of all tissues were immediately examined under a UV microscope, equipped with 
filters specific for GFP, (Zeiss Axiovert 200M, Zeiss Jena, Germany) and images were taken. 
The duplicate sections were placed in staining chambers and immunoassayed for IBV-S protein. 
Tissues were mounted using FA mounting medium, and immediately examined under a 
microscope equipped with a UV GFP-specific filter and a Cy5-specific filter (Zeiss Axiovert 
200M, Zeiss Jena, Germany).  RT-PCR specific for S gene of IBV was also performed on the 
tissues to confirm its expression in the tissues. 
 
In Result: Images taken from the tissue sections have shown that the plasmid, pTracer CMV-2-
IBV-S was absorbed by the developing embryo and expressed in the tissues of lymphoid organs 
(Spleen, Bursa of Fabricius and thymus). Tissues from Bursa of Fabricius and thymus were 
strongly positive showing the highest expression. Immunoassay and RT-PCR results were also 
complimentary to the tissues images of GFP expression. From these images and 
immunoassaying, one may conclude that there should be a population of IBV-sensitized T and 
B-lymphocytes in the hatchlings. 
 
Presented at the 76th Northeastern Conference on Avian Diseases, June 9-11, 2004, State Park, 
PA

 



 22 

Real-Life ELISA Statistics on IBV 

Benjamín Lucio-Martínez 
Poultry Diagnostic and Extension Services 
NYS Animal Health Diagnostic Laboratory 

College of Veterinary Medicine, Cornell University  
Ithaca, NY 14853 

 
Tel. 607-253-4031, Fax 607-253-4036, E-mail BL23@CORNELL.EDU 

 
 
The results presented in this paper re-iterate the need to include enough samples and to establish an 
historical profile of the ELISA titers of a flock, to reach intelligent interpretations of the results. 

ELISA is commonly used to evaluate vaccination results and as a serological tool diagnostic to support 
diagnosis. Unfortunately the results are often only a snapshot of the serological profile of the flock, based 
on too few samples, that may not reflect the true status of the flock, leading to false interpretations. 

The information presented here was derived from the IBV ELISA titers of 300 serum samples obtained 
the same day from a 100,000 50-week-old layer flock. 

The following histograms illustrate the importance of including larger sample sizes. Comparison of 
results of two sets of 10 samples may lead us to believe that there was a shift to the left, and interpret it as 
a field challenge, while results obtained with sets of 30 samples show a large variation in titers in the 
flock. 
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Stress has been known to both up or down regulate immunity.  In the past, research on 
physical or psychological stress in animals was usually monitored by behavior.  Turkeys 
are exposed to many managerial stressors.  One common stressor that birds encounter is 
changes of social structure.  In this experiment turkey poults were subjected to social 
disruption stress nd immunological parameters were investigated.  Thirty-two, day-old 
turkeys were handled daily to acclimate them to restraint and sampling.  At 4 weeks-of-
age, birds were divided into 4 “treatment” and 4 “control” groups.  After 2 weeks of 
environmental and social acclimation, birds in the “treatment” groups were randomly re-
assorted among groups to disrupt social structure for 24 hours.  Blood samples were 
taken at 0, 1, 2, 4, 6, 8, and 14 days post initiation of stress.  Samples were analyzed for 
heterophil to lymphocyte (H:L) ratios, plasma corticosterone, CD4+ and CD8+ cell 
surface markers, plasma tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6).  
Heterophil to lymphocyte (H:L) ratios and plasma corticosterone were significantly 
increased in the stress groups when compared to the control groups.  Plasma TNF-α 
levels were increased at day 2 post stress in both groups and then returned to normal on 
day 4 as measured by percent cytotoxicity. There was also a significant increase in 
plasma TNF-α levels in the control no stress group compared to the stress group at day 2. 
CD4+ cell percentages were significantly increased in the in the stress groups. The ratios 
of CD4+ to CD8+ cells were not significant.  This data demonstrates that social 
disruption as a stressor has differential effects on immune functions, the neuroendocrine 
hormones and the pro-inflammatory cytokines which regulate an animal’s homeostasis 
and may open new perspectives for understanding stress-induced disorders. 

_______________________________________________________________________ 
Presented at the 76th Northeastern Conference on Avian Diseases, June 9-11, 2004, State 
College, PA 
 



 24 

Trends in West Nile Virus in Birds Brought to a Delaware Rehabilitation 
Facility from 1999-2003  

 
Erica A. Miller, DVM 

 
Tri-State Bird Rescue & Research, Inc. 

110 Possum Hollow Road 
Newark, DE 19711 

 
302-737-9543 x116 (ph); 302-737-9562 (fax) 

emiller@tristatebird.org 
 
 
West Nile Virus (WNV) was first identified in the United States in the summer of 1999, when a 
number of crows were found dead in and around the Bronx Zoo in New York. Later that fall, Tri-
State Bird Rescue & Research, Inc. (TSBRR) in Newark, Delaware, admitted its first confirmed 
positive case of WNV in a great-horned owl (Bubo virginianus). During the late summer/early 
fall of the next few years, we have received a gradually increasing number of afflicted birds.  
 
Whether it was the unusually wet summer or some other factor, the West Nile season struck the 
birds in our region particularly early and hard in 2003. In previous summers, the first WNV cases 
were brought to our wild avian rehabilitation center in mid to late August: in 2003, positive cases 
began to arrive in mid-July. A brief summary of tested birds appears in the table: 
   2002 2003 Total 

Number of Species Tested 10 18 
20 (different 

species) 
Number of Individual Birds Tested 37 128 165 
Number of Birds Positive for WNV* 21 (57%) 112 (88%) 133 (81%) 
Number of Birds Negative for WNV 16 16 32 
*Number/percent of tested birds that were confirmed to have WNV exposure 
 
Of the 13 species of birds which tested positive for West Nile Virus in 2002 and 2003, the vast 
majority have been crows (Corvus brachyrhynchos and C. ossifragus), red-tailed hawks (Buteo 
jamaicensis) and great-horned owls.  
 
This paper will discuss the range of species presenting with WNV clinical signs each year, the 
typical signs and disease progression observed at our center, long-term effects of the virus, some 
of the “newer” clinical signs observed in 2003, and the lesions seen on gross necropsy. 
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During July-September 2002 a massive die-off occurred at The Owl Foundation (TOF, Vineland, 
ON, Canada) an owl breeding and rehabilitation facility. At the start of the outbreak in late July 
2002, the facility held over 250 birds representing 17 species of owls and 2 species of falcons. 
By the end of the outbreak in mid-September 2002,  87% of these birds had been exposed to 
field virus and 43% (108) had died. West Nile Virus (WNV) was identified as the causative 
agent of this outbreak based on post mortem examination, RT-PCR and immunohistochemistry, 
making it the first and the largest outbreak of WNV in a captive collection of birds in Canada. A 
concurrent infestation of the birds with hematophagus Hippoboscid flies (Icosta americana) was 
the likley reason for the high exposure rates. There was a marked difference in the mortality rate 
among owl species, and those with more northerly breeding ranges had significantly higher 
mortality. Owl species with more southerly breeding ranges had low mortality rates, in many 
species approaching zero, despite similar exposure.  
 
The usefulness of the antigen capture ELISA kit was evaluated for rapid diagnosis of West Nile 
Virus in differnet owl species. This rapid test proved effective for those species that were highly 
susceptible to the virus but was less effective in owl species that were more resistant.This  
presumably mirrors the level of viremia in the bird and the amount of virus in extretions. 
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We have initiated a study to determine population trends and incidence of West Nile virus 
(WNV) in two songbird populations in Centre County Pennsylvania. One site, Toftrees 
(SGL176), is a waste-water irrigated deciduous forest interspersed with agriculture 
grasslands and crop fields that receives approximately 250-300cm of wastewater annually.  
The second site, Barrens Grouse Habitat Management Area (SGL176), is similar in habitat 
structure to Toftrees with well drained sandy soil environment that receives typical central 
Pennsylvanian precipitation levels with the absence of the water application.  We identified a 
total of 52 species at the two locations combined using transect surveys. Ninety-three 
individuals representing 29 species were noted at the two locations using mist nets. 
Preliminary results of mist netting and transect sampling suggest the most common species at 
the Toftrees site were northern cardinal (Cardinalis cardinalis), gray catbird (Dumettella 
carolinensis), common yellowthroats (Geothlypis trichas), eastern towhees (Pipilo 
erythrophthalmus), and song sparrows (Melospiza melodia). The most common birds at the 
Barrens were gray catbird, eastern towhee, black-capped chickadee (Poecile atricapillus), 
and chestnut-sided warbler (Dendroica pennsylvanica). Birds that were captured during mist 
net surveys were bled via veinal puncture (100µl) and released. Eighty-six blood samples 
were collected representing 29 species. We are currently analyzing the blood samples to 
determine the level of WNV incidence within songbirds at the two locations.  Long-term 
goals are to increase sample size of avian blood samples and begin mosquito sampling to 
establish surveillance of the level of WNV incidence in these wild populations in central 
Pennsylvania.   
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Eagles are protected under the Endangered Species Act (ESA), Bald and Golden Eagle 
Protection Act, Lacey Act, Migratory Bird Treaty Act as well as state threatened and endangered 
species laws.  National efforts to protect eagles have focused on habitat conservation, 
minimizing contaminant effects, monitoring wild bird nests, and coordinating captive 
propagation and release programs. The Chesapeake Bay is home to hundreds of nesting pairs of 
Bald eagles (Haliaeetus leucocephalus) and an occasional Golden eagle (Aquila chrysaetos).  
Currently, eagles are listed as threatened in Maryland.  Nationally, many organizations work to 
conserve eagles.  In Maryland Department of Natural Resources (MD DNR) and U.S. Fish & 
Wildlife Service (FWS) serve as regulating and permitting agencies.  Tri-State Bird Rescue & 
Research and the Baltimore Zoo are the two facilities permitted to conduct treatment and 
rehabilitation for eagles.  Carcasses of eagles that die or are found dead in MD are transferred to 
FWS and frozen for eventual shipment either to the National Eagle Repository or the FWS 
Forensics Laboratory.  
  
To examine eagle mortality in Maryland, databases from the four organizations were reviewed.  
Limited information existed on cause(s) of death for MD eagles prior to 1988, therefore we 
examined eagle morbidity and mortality from January 1988 through March 2004. A total of 220 
eagles were found dead or died in Maryland during the study period with an average of 
approximately 14 deaths per year (range 2 - 29).  For all eagles, causes of morbidity and 
mortality were grouped into four basic categories: trauma, toxins, disease and unknown.  Little is 
known about eagles in the unknown category other than the date and location of the incident.    
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The four databases were reviewed for temporal and spatial significance.  Three years (1988, 
1997, 2003) accounted for nearly one-third of the total number of eagle mortalities.  No other 
clusters of mortalities were found in the period examined, however, an overall increasing trend in 
mortalities was noted.  From a geographic perspective, eagles were reported dead in 21 of 23 
counties in MD.  The majority came from three counties  (Charles, Harford and Dorchester)  
accounting for nearly half of all mortalities reported (99/ 220).  Since these counties are located 
in different regions of the state, the mortalities did not represent a geographic concentration.  
Additionally, 124 eagles were identified as adults, 72 as immature and 24 were not identified by 
age. 
  
Results indicated that eagles died throughout most counties of the state,  over the entire study 
period,  for a variety of reasons,   however, the majority died from unknown causes. Through our 
cooperative efforts, we hope to better identify causes of eagle mortality that will lead to 
identification of threats and impacts to Maryland populations.  This collaboration will serve as a 
model for future wildlife investigations and conservation efforts in our region.   
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Reports of sick and dead great blue herons (GBH; Ardea herodias) were received by the Maryland 
Department of Natural Resources (MD DNR), US Fish & Wildlife Service (FWS), and Tri-State Bird 
Rescue and Research (TSBRR) in the Fall of 2001 in Maryland.  Other mortality events reported 
during that time included botulism in various species of waterbirds and a private waterfowl nature 
center with several duck and goose species reported dead.  At least 9 great blue herons (GBH; Ardea 
herodias) were documented as dead or dying from three counties.   
  
On October 18, 2001 the first GBH was found moribund, euthanized and sent to the National 
Wildlife Health Center, Madison, WI, for a post mortem examination where a diagnosis of steatites 
was reported.  Live, affected herons were taken to TSBRR in Newark, DE. Birds presented with 
clinical signs of emaciation, lethargy, inability to fly, and an unusually hard abdomen.  Upon 
admission to the rehabilitation facility the blood profiles revealed anemia and varying degrees of 
hypoproteinemia.  Birds were dehydrated, depressed, in lateral recumbency and had profuse diarrhea. 
At least two birds were in respiratory distress.  Due to poor prognosis, euthanasia was performed and 
necropsies were conducted on all birds.  Remaining birds were necropsied at the MDDNR 
Cooperative Oxford Laboratory or at TSBRR.   Consistent necropsy findings included emaciation, 
decreased muscle mass, pale muscle color, fat atrophy, gastrointestinal parasitism, and excessive 
deposits of waxy, yellow fat in the abdomen, subcutis, and throughout the body cavity.  Steatitis was 
diagnosed in all great blue herons examined during the event.  This disorder has been reported in 
other bird species (black crowned night heron Nycticorax nycticorax, osprey Pandion Haliaetus, 
double crested cormorant Phalocrocorax auritus).    
  
During this time, unusually large counts of the cyanobacterium (blue-green algae) Microcystis and  
other cyanobacteria and algae were found in nearby ponds.  Microcystis produces the potent cyclic 
peptide toxin, Microcystin, that is toxic to fish, mammals and birds through skin contact, ingestion 
and inhalation. Tissue samples were sent to a diagnostic lab experienced with toxin identification.  
Evidence of toxic levels of microcystin was found in both samples.  The significance of this finding 
is yet to be determined.  Since 2001 there have been no documented morbidity or mortality events of 
great blue herons in Maryland.  However, the three agencies continue to monitor algal blooms and 
reports of great blue heron morbidity and mortality. 
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Development of Methods to Separate Mycoplasma gallispeticum Field Strains 
From Non-pathogenic Avian Mycoplasmas 

 
Cynthia M. Boettger and John E. Dohms 

 
Department of Animal and Food Sciences, College of Agriculture and Natural Resources, University of 

Delaware 
Newark, DE 19716-2150 

dohms@udel.edu 
 
 

In the past few years, Mycoplasma gallisepticum (MG) re-emerged as a serious problem within 
broiler, egg layers and turkey industries. Isolation of MG is required to identify strains during 
epizootiological studies using Rapid Amplification of Polymorphic DNA  (RAPD) 
‘fingerprinting’. Due to contamination with faster growing non-pathogenic avian mycoplasmas, 
isolation of slower-growing MG strains confounds the MG RAPD assay. 
  
Using the gentamicin invasion assay, we successfully isolated MG from experimentally 
contaminated cultures containing non-pathogenic mycoplasmas (M. gallinaceum, M. gallinarum 
and Acholeplasma laidlawii). Gentamicin is an antibiotic that effectively kills mycoplasmas, but 
does not penetrate cells. The invasion assay was used to exploit the ability of MG to penetrate 
and survive within chick embryo fibroblast (CEF) cells, whereas non-pathogenic strains fail to 
enter cells and are killed by gentamcin (1). MG at concentrations ranging from 1 to 99 percent 
were separately mixed with non-pathogenic avian mycoplasmas and inoculated onto CEF 
monolayers. After three hours incubation, CEF cells were trypsinized to release attached cells. 
Gentamicin (400ug/ml) was added to cultures and re-incubated at 37C for an additional 3 hours. 
CEF cells were washed three times with 1X PBS to remove gentamicin. Cells were re-suspended 
in 90ul of Frey broth and the material was inoculated onto PPLO plates and incubated at 37C in a 
moist candle jar for four days. Controls inoculated only with non-pathogenic mycoplasmas were 
killed by gentamicin. Using the invasion assay with mixed cultures left only MG colonies. 
Between 10 and 20 colonies were picked and confirmed to be MG-specific by PCR assay. This 
relative inexpensive procedure produced pure MG cultures in about two weeks, as compared to 
months of picking individual colonies and accessing their purity. These findings will allow more 
isolates to be fingerprinted in current and futures outbreaks. 
 
1. Winner, F., R. Rosengarten, and C. Citti. 2000. In vitro cell invasion of Mycoplasma 
gallisepticum. Infect. Immun. 68:4238-4244. 
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Studies of Intracellular Survival Using Wild Type and Attenuated 
Mycoplasma gallisepticum Strains 

 
Jennifer M. Lang, Cynthia M. Boettger, and John E. Dohms 

 
Department of Animal and Food Sciences, College of Agriculture and Natural Resources, University 

of Delaware, Newark, DE 19716-2150 
dohms@udel.edu 

 
 

Five different strains of Mycoplasma gallisepticum (MG) with varying degrees of 
virulence were tested for their ability to invade chicken embryo fibroblast (CEF) cells. 
MG was inoculated onto CEF cells and incubated at 37C for three hours. The gentamicin 
invasion assay was used to test for presence of intracellular mycoplasma. MG infected 
CEF cells were trypsinized and incubated with 400ug/ml gentamicin for three hours. 
Cells were washed three times with 1X PBS to remove the antibiotic and were re-
suspended in 90ul of Frey Broth and plated on PPLO agar plates. The pathogenic strain 
MG-S6, the artificially attenuated strains MG-Adh and MG-non ADH, and the MG 
vaccine strain Intervet 6/85 were capable of intracellular invasion. The vaccine strain TS-
11 did not invade the CEF cells. Compared to virulent MG S6, the most attenuated 
vaccine strain, MG 6/85 demonstrated the highest intracellular growth rate after one, 
three, and six hours incubation with CEF monolayers.  
 
Vaccination with MG 6/85 was reported to produce very low antibody titers in chickens 
and turkeys (1). We surmise that intracellular localization might produce protection via 
MHC class I presentation which favors generation of CD8 killer T-lymphocytes.  
 
1.  Evans, R.D., and Y.S. Hafez. 1992. Evaluation of a Mycoplasma gallisepticum strain 
exhibiting reduced virulence for prevention and control of poultry mycoplasmosis. Avian 
Dis. 36:197-201. 
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SE Protection of Commercial Layers When Vaccinated With Attenuated Live 

S. typhimurium Prior to and/or During Molt 
 

K. C. Cookson and J. D. Maiers 
 

Fort Dodge Animal Health 
 9225 Indian Creek Parkway 

Bldg. 32, Suite 400 
Overland Park, KS 66210 

 
 

Commercial pullets were administered live attenuated Salmonella typhimurium vaccine (Poulvac 
ST) twice within the first three weeks by coarse spray.  All birds were then administered a 
Salmonella enteritidis bacterin (Poulvac SE) at 13 weeks of age.   
 
At 64 weeks of age, two weeks before feed restriction, birds were divided into two groups. 
Group 1 was administered Poulvac ST by coarse spray and Group 2 was left unvaccinated. The 
Group 2 birds not receiving the pre-molt vaccination were removed from the house while the live 
ST vaccine was administered to Group 1.  The unvaccinated birds were then returned to the 
house 48 hours post vaccination.  Eggs and egg belts were sampled a few hours post vaccination 
and again the following day.  The ST vaccine was recovered at a fairly low rate the same day of 
vaccination but not on the following day, suggesting that the vaccine did not survive in the 
environment for an extended period.   Both groups were then transported from the commercial 
farm to facilities at Fort Dodge, Iowa.  
 
Birds were housed in isolator units at the research facility and maintained on their commercial 
layer ration.  Both groups were challenged at 67 weeks of age, or one week after feed restriction.  
25 birds per group were given an oral dose of 2.17 x 106 SE phage type 13a organisms.  Since 
there were no unvaccinated layers on the trial farm, SPF layers were challenged and used as 
unvaccinated controls and were identified as Group 3.  Protection was evaluated at 7 days post-
challenge by culturing four organ pools, the reproductive tract, internal organs, intestines, and 
cecae. Negative cultures indicated  protection from the SE challenge.  Results showed that a 
live/killed vaccination program without a pre-molt Poulvac ST vaccination gave solid protection 
against a moderate level of challenge through the first production period even beyond the point 
of feed restriction.  The addition of a live ST vaccination prior to molt did not lower the already 
low incidence of SE recovery post challenge. 
 
Table 1. 13 week Poulvac SE vaccination +/- pre-molt Poulvac ST vaccination protects 
layers against SE challenge during molt 
 

Reproductive Organ Intestine Cecal Treatment 
Group 

Treatment 
Description # SE+  % SE+ # SE+  % SE+ # SE+  % SE+ # SE+  % SE+ 

Group 1 ST Vac  
 pre molt 0/25a 0.0 3/25a 12.0 8/25a 32.0 2/25a 8.0 

Group 2 No ST Vac  
Field Birds 1/27a 3.7 4/27a 14.8 8/27a 29.6 2/27a 7.4 

Group 3 No ST Vac 
SPAFAS  11/27b 40.7 27/27b 100.0 25/27b 92.6 22/27b 81.5 
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The second part of the study evaluated protection out into the second production cycle in birds 
from the same farm.  Five groups of birds were evaluated.  Group 1 was given Poulvac ST at 
both pre and post molt, Group 2 vaccinated just at pre molt, Group 3 vaccinated at post molt, 
Group 4 was not vaccinated either pre or post molt, and Group 5 were SPF layers that served as 
unvaccinated controls.  Birds were then challenged during the second production cycle at 74 
weeks of age.  SE phage type 13a was administered orally to each bird at a dose of 3.70 x 108 (or 
about 100-fold higher than the first study).   
 
Table 2.  Poulvac ST vaccinations pre- and/or post molting protects SE vaccinated layers 
against SE challenge in second production cycle 
 

Reproductive Organ Intestine Cecal Treatment 
Group 

Treatment 
Description # SE+  % SE+ # SE+  % SE+ # SE+  % SE+ # SE+  % SE+ 

Group 1 ST Vac pre 
and post molt 2/24a 8.3 8/24a 33.3 13/24a 54.2 3/24a 12.5 

Group 2 ST Vac       
pre molt 2/25a 8.0 7/25a 28.0 15/25a 60.0 3/25a 12.0 

Group 3 ST Vac       
post molt 1/24a 4.2 11/24ab 45.8 12/24a 50.0 2/24a 8.3 

Group 4 No ST Vac, 
Field Birds 4/23a 17.4 19/23b 82.6 23/23b 100.0 14/23b 60.9 

Group 5 No ST Vac, 
SPAFAS  8/23a 34.8 24/24b 100.0 24/24b 100.0 24/24b 100.0 

 
Groups not sharing the same letter are statistically different from each other (p<0.05).  
Fisher’s Exact test. 
 
The results indicate that the live/killed program without the Poulvac ST boost at molt did not 
offer a significant level of protection against the high level of SE challenge during peak 
production of the second cycle.  However, Poulvac ST given either before molt, during molt, or 
at both intervals, significantly enhanced protection from SE challenge during the second 
production peak. 
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Antimicrobial Susceptibility Profiles of Avian-Origin Salmonella Species, 
 2000-2003 

 
Brenda C. Love, DVM, PhD, Dipl. ACVM 

 
Animal Diagnostic Laboratory, Pennsylvania State University, Orchard Road, University Park, PA 16802 

 
Phone: 814-863-1984; Fax: 814-865-3907; Email: BCL10@psu.edu 

 
Antibiogram information for Salmonella sp. isolates derived from birds was collected from the 
PSU ADL database (Sensititre™).  The information was collated and will be presented by 
calendar year, so that trends in development (or loss) of resistance can be detected.  Although the 
number of isolates per year is not high, it is possible to detect trends in resistance patterns based 
on serogroup of Salmonella sp. isolated.  Thus, treatment options can be determined based upon 
serogroup information, which is readily attainable. 
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Prevalence and Risk Factors for Salmonella Contamination of Retail Poultry 
Meat in Maryland 

 
Maung S. Myint*, Yvette J. Johnson 

Virginia-Maryland Regional College of Veterinary Medicine, 8075 Greenmead Drive, College Park, 
Maryland – 20742 

 
Ph: (301) 935-6083 X176, Fax: (301) 935-6079, msmyint@wam.umd.edu 

 
 

According to the World Health Organization, Salmonella is a leading cause of food-borne illness 
worldwide. Since implementation of HACCP system for pathogen reduction in poultry 
processing plants, the Food Safety Inspection Service of the U.S. Department of Agriculture 
reported substantial reductions in the prevalence of Salmonella contamination of raw poultry at 
the processing plants. However, limited data are available regarding the prevalence and 
distribution of Salmonella contamination in poultry meat at retail grocery stores.  
 
A random sample of retail grocery stores within the state of Maryland were selected for this 
cross-sectional study design to estimate the prevalence and distribution of Salmonella 
contamination for retail poultry meat products. Methods of product processing and product brand 
were assessed as potential risk factors for Salmonella contamination of meat products from 
grocery stores. The objectives of this study were to estimate Salmonella prevalence in chicken 
meat products from retail grocery stores throughout Maryland and to identify risk factors for 
Salmonella contamination in retail poultry meat products. A total of 180 poultry meat samples 
were collected, the overall prevalence of Salmonella contamination was 23%. There was no 
significant difference in the Salmonella prevalence in ground (19%) and non-ground poultry 
products (27%) (p-value = 0.41). Retail store brand poultry meat products had a significantly 
higher Salmonella prevalence (56%) than poultry integrator brand products (17%). This 
difference indicates that retail store brands were nearly 8 times (95% C.I. 3.1 – 19.2) more likely 
to be contaminated with Salmonella than poultry integrator brands. 
 
Store brand products are subject to the same potentials for additional contamination as integrator 
brand products. Perhaps of even greater potential risk is that store brand products are often re-
packaged, handled, or further processed at the retail grocery store outlet prior to the consumer. 
The lack of uniform surveillance protocols for raw poultry products at the retail grocery outlet 
constitute an important gap in the farm-to-fork spectrum of food safety protection and risk to 
public health and food safety that needs to be addressed.  
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Experiences with Pseudomonas spp. Infections in Chickens 
 

Eric Gingerich, DVM, DACPV 
 

University of Pennsylvania School of Veterinary Medicine 
Laboratory of Avian Medicine and Pathology 

New Bolton Center 
382 West Street Road 

Kennett Square PA 19348 
 

Phone: (610) 444-4282, Email: ericging@vet.upenn.edu 
 

 
Pseudomonas aeruginosa is a Gram-negative bacteria found very commonly in soil, water, and 
moist environments. Infections in chickens and turkeys have been reported elsewhere in young 
poultry resulting in septicemic disease. In older poultry, disease associated with Pseudomonas 
spp. is less well-defined. This report is an account of three different types of Pseudomonas 
aeruginosa infections in chickens seen recently. 
 
1) Contaminated Marek’s vaccination equipment. Three different cases of Pseudomonas 
aeruginosa septicemia causing very high death losses during the first few days of life in egg-type 
chick flocks will be reported; 50% in Florida, 100% in Indiana, and 9% in New York. All three 
cases were due to Pseudomonas aeruginosa contamination of Marek’s vaccination equipment 
from poor quality equipment sterilization. These chicks showed gross necropsy lesions of edema 
and caseous exudation of the subcutaneous tissues of the neck at the site of injection. 
 
2) Contamination of hatcher trays. High early breeder chick mortalities of 2 to 5% for the first 
week, compared to the expected rate of 1% the first week, occurred for several months in chicks 
hatched in an egg-type parent breeder hatchery in Illinois. Omphalitis and associated peritonitis 
due to a variety of bacteria were found on necropsy. An investigation into the cause of this 
problem eventually detected hatcher trays that became contaminated with Pseudomonas from a 
contaminated compressed air source used to apply disinfectant to hatcher trays after cleaning. 
This resulted in chick navels infected with Pseudomonas during the hatch process. 
 
3) Water contamination. The first case was a brown-egg chick flock with 9% mortality the first 
3 days. This water was found to contain over 100,000 Pseudomonas aeruginosa bacteria per ml 
at the end of the water line. The second case was in a young, brown-egg pullet flock 
experiencing higher than normal mortality of 0.4% per week (normal = 0.05%) due to caseous 
peritonitis with E. coli isolated from the livers and peritoneal cavity. The water was found to 
contain over 100,000 Pseudomonas aeruginosa bacteria per ml in samples from the end of the 
water line. Sanitation of water with chlorine and treatment of the flock with oxytetracycline 
brought the mortality down to normal. The role of Pseudomonas spp. in this case is not exactly 
known but is a common finding in flocks experiencing bacterial septicemia. 
 
Preventative measures to avoid Pseudomonas infections include proper sterilization of Marek’s 
vaccination equipment, proper sanitation and monitoring of hatcher trays, and routine water 
sanitation, both between flocks and during egg production. 
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Identification of a Possible Pseudo-cyst Stage in the Life Cycle of 
Cochlosoma anatis 

 
F.W. Pierson1, N. Evans1, S. Fitz-Coy2, R. Evans3, D. Lindsay1, J. Robertson1,  

and T. Beacorn4.  
 

1. VA-MD Regional College of Veterinary Medicine, Virginia Tech, Blacksburg, VA 24061 
2. Shering-Plough Animal Health, 5638 Royal Mile Blvd, Salisbury, MD 21801 

3. ELANCO Animal Health, 26691 Pratt Rd, Salisbury, MD 21801 
4. Pilgrims Pride Inc., 590 Mt Clinton Pike, Harrisonburg, VA  22802 

 
Tel : 540-231-4529, Fax: 540-231-3426, Email: pierson@vt.edu 

 
 

Cochlosoma anatis is a flagellated protozoan reported to cause enteritis in young turkeys. 
The trophozoite form typically seen in the intestines is ovoid, approximately 6-12 
microns long and 4-7 microns wide (about 1/3 the size of a typical Eimeria oocyst). It has 
a distinctive ventral sucker (adhesive disc) similar to that of Giardia but a shape and 
other structures resemblant of Trichomonas. C. anatis appears to replicate by longitudinal 
fission and is genetically more closely related to the latter. However, unlike 
Trichomonas, early descriptions (Kotlan, 1923) include a cyst stage, the presence of 
which has yet to be confirmed.  
 
We have observed cyst-like bodies in intestinal washes from experimentally infected 
birds. Light and transmission electron microscopy reveal these to be round and slightly 
larger than typical trophozoites with what appear to be surface structures in various 
stages of internalization and reorganization. Cytoplasmic density is less than that of 
trophozoites and there is no dense outer membrane as seen with other cysts, hence the 
term pseudo-cyst. Similar observations have been made with regard to Giardia.  

 
Although the trophozoite stage is easily killed by most disinfectants, reoccurrence of 
cochlosomosis on depopulated, cleaned and disinfected premises suggests that a resistant, 
cyst-like stage does exist. Our findings appear to corroborate this. Live bird inoculations 
with purified, pseudo-cysts are planned. 
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Sulfonamide Toxicity in Poultry 

 
Eva Wallner-Pendleton and Patricia Dunn 

 
Animal Diagnostic Laboratory, Orchard Rd. 

Pennsylvania State University, University Park, PA 16870 
 

Phone: 814-863-0838; Fax: 814-865-3097 
 
 
Four cases of suspected sulfonamide toxicity are described in this report. 
 
Case 1: 
4 ½ week old broilers were submitted due to loss of 180 to 250 birds over the previous two days.  
They had been given Sulfaquinoxiline 3 days on, 2 days off, then two day on again.  Mortality 
started after treatment ended.  On necropsy there were multiple hemorrhages on the intestinal 
serosa.  The birds showed pale bone marrow and kidneys.  Severe ulcerative ventriculitis, some 
full thickness, was present.  Bacterial cultures demonstrated  Mannheima (Pasteurella) 
haemolytica in livers, gizzards and spleen.  Clostridium perfringens  was identified in the 
necrotic intestines.  Heavy numbers of coccidia were found in fecal examination. 
Case 2: 
5 week old broilers  were submitted due to severe jump in mortality.   The flock had been treated 
twice with sulfaquinoxiline for coccidiosis.  On necropsy, the birds were cyanotic and showed 
bloody diarrhea with heavy numbers of coccidial oocysts.  Livers were enlarged with necrotic 
foci.  Gizzards contained ulcers with frank blood clots.  Spleens were enlarged.  Intestines 
contained necrotic casts.  Severe intestinal coccidiosis, E. coli septicemia and hemorrhagic 
syndrome due to sulfa toxicity were diagnosed.  The flock recovered without treatment in 5 days. 
Case 3: 
Birds from a small table egg layer operation with 500 chickens ranging from  started pullets to 
65 week old hens were examined due to severe drop in egg production (50% egg production 
drop) and elevated death loss. The owner had treated with a sulfa drug after observing diarrhea in 
the flock.  On necropsy, the birds had enlarged friable livers and the tissues were pale and 
anemic-looking.  Intestines showed petechial hemorrhages on both serosal and mucosal surfaces. 
Microscopic examination showed hepatitis, splenitis, tracheitis and pneumonia.  Mannheima 
(Pasteurella) haemolytica isolated from a spleen.  Virus isolation was negative.  Serology 
revealed birds were MG+ and had high titers to Infectious Bronchitis.  No vaccination was 
practiced on the farm.  The initial problem may have been due to Infectious Bronchitis/MG 
exposure in this flock. After sulfa treatment, egg production dropped precipitously.  Secondary 
bacteria infections, anemia and egg production drop were suspected to have been caused by the 
sulfa treatment. 
Case 4: 
8 week old capons were submitted due to sudden loss of 16% of the chickens.  They had been 
treated with Sulmet for 7 days for suspected coccidiosis.  On necropsy birds were well-fleshed 
but tissues were pale.  Severe ulceration of the gizzards were seen and crop contents were full of 
blood.  Multiple pin-point foci were seen in the livers and the spleens were enlarged.  Cheesy 
cecal cores were present.  4+ coccidia were seen on fecal smears and floats.  E. coli and 
Mannheima (Pasteurella) haemolytica were isolated from all livers. 
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Summary 
Sulfonamide toxicity can be observed in birds due to excessive consumption of the drug and also 
with repeat treatments.  Sulfonamides are difficult to mix evenly in the feed and have low 
solubility in acidic water.  This may cause some birds to receive a toxic dose, even when 
appropriate medication doses are used (1).   In hot weather, one author suggests giving one third 
to one half the treatment dose in the water for broilers (1).  Immunosupression, blood dyscrasia, 
bone marrow depression, thrombocytopenia secondary bacterial infections, gizzard ulceration 
and gastrointestinal hemorrhages are often observed.  Severe coccidiosis accompanied most of 
these cases of sulfa toxicity, despite the fact that sulfas should be effective therapy against this 
protozoan parasite.  Fulminating E. coli, Mannheima (Pasteurella) hemolytica and Clostridium 
perfringens infections were observed as secondary bacteria infections.   Bacterial invasion via 
the gizzard ulcers was suspected in these cases The organisms were resistant to sulfonamides 
when tested for drug susceptibility. 
 
Reference: 
 
1. Other Toxins and Poisons; Sulfonamides.  In Diseases of Poultry, 11th Edition.  Saif et al., 

editors.  Iowa State Press 2003. pp 1134-1135. 
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MINUTES OF THE 75TH NECAD BUSINESS MEETING 
 

June 12, 2003 
Orono, Maine 

 
Dr. Mike Opitz called the meeting to order at 4:47pm 
 
Old Business 
 
The minutes of the 74th NECAD business meeting were approved without discussion (motioned 
by Dr. Calnek, Seconded by Dr. Trock). 
 
75th NECAD Budget Report 
 
Dr. Opitz indicated that $2945.00 carried over from 74th NECAD.  The poultry industry and 
allied sponsors were recognized. AAAP was also recognized for its support of symposium 
speakers. With the addition of the registration fees, all expenses for the 75th NECAD were 
covered. 
 
Committee Reports 
 
The Mycoplasma Committee report was summarized by Dr. Dohms. Discussion followed. In 
reference to the 2002 MG break in NC, Dr. Dohms commented that the potential movement of 
MG infected eggs from NC to Delmarva was troubling. Dr. Henzler expressed similar sentiments 
with regard to PA. Dr. Gelb moved that the report be accepted, Dr. Dunn seconded, and the 
report was unanimously approved. 
 
The Avian Influenza Committee report was summarized by Dr. Trock. The CT and RI (LPAI) 
outbreaks were highlighted. Dr. Kahn indicated that 1 million birds had been vaccinated and that 
other flocks were slated for vaccination. Three locations owned by the integrator were AI 
negative. Infected flocks were not being vaccinated. Dr. Henzler commented that USDA 
recommended that the infected flocks be vaccinated but that the owner was resistant to this.  RI 
flocks were not being vaccinated but were quarantined and would be depopulated at the end of 
the laying cycle.  Dr.Wallner-Pendleton questioned whether this was affecting broiler breeders 
and the movement of eggs. Dr. Kahn indicated that Aviagen was not using its CT hatchery 
anymore and that birds were being sent directly from AL. Dr. Henzler and Dr. Key provided 
additional information regarding occurrences of AI in PA. There were 4 cases diagnosed in 2003. 
Dr. Henzler and Dr. Dunn agreed to provide additional information to the committee. Dr. 
Wallner-Pendleton moved that the report be accepted, Dr. Trock seconded, and the report was 
approved unanimously. 
 
The Salmonella Committee report was summarized by Dr. Miguel. The report was based on 
information obtained from the internet. This was because the membership of the committee was 
unclear. Dr. Gelb suggested that the names of committee members could be found in previous 
NECAD proceedings. Dr. Gingrich made a correction to the report i.e., the chick paper test was 
still mandatory in PA. Dr. Henzler added that in almost every case, hatcheries were doing their 
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own sampling. Dr. Opitz commented that 2 years ago in ME, positive chick papers were traced 
back to a grandparent flock. Eggs / chicks from this flock had gone to other breeder operations. 
With corrections noted, Dr. Dohms moved that the report be accepted, Dr. Gingrich seconded, 
and the report was unanimously approved.  
 
New Business 
 
Dr. Opitz commented on a recent resurgence of Infectious Coryza. The current problem seemed 
to be affecting younger birds. Typically, IC had been seen in older leghorns, therefore 
vaccination was not being done until the second lay cycle. The more recent outbreaks were 
explosive and almost looked like ILT or VVND. Septicemia was observed and isolations could 
be made from the abdominal cavity and the spleen. Dr. Gingrich asked if 1 or 2 vaccinations 
were being given. Dr. Opitz indicated that only 1 was being given and that vaccine takes were 
poor (less than 80%).  
 
Dr. Opitz brought forward a "Small Flock Resolution" submitted by Dr. Mallinson (not present) 
for consideration by the members. Dr. Henzler read the resolution and summarized its intent e.g., 
local, state and federal cooperation with regard to locating, identifying, and promoting 
biosecurity among backyard poultry flocks. Dr. Siegfried commented that she believed Dr. 
Mallinson's intention was regulation at a national level, but that this was not likely to occur. Dr. 
Opitz commented that many (most) states were not organized with regard to small flocks. Some 
"organic" growers were beginning to organize but there was generally little support at the state 
level, especially when it came to University resources. Dr. Opitz suggested that getting local 
veterinarians involved might be a way to accomplish this.  He also commented that NECAD has 
been instrumental in the past with regard to bringing about such changes and that the resolution 
could be forwarded to AAAP for consideration. Dr. Miguel moved that the resolution be 
accepted and Dr. Seigfried seconded. Additional discussion ensued. Dunn suggested a committee 
be formed to look at ways to implement the resolution. The following individuals agreed to 
serve: Drs. Miguel, Wallner-Pendleton, Opitz, Pierson. Drs. Mallinson and Clauer (PSU-
extension) would also be asked to serve. The resolution was tabled to allow the committee to 
discuss and clarify.  
 
Regarding NECAD attendance, Dr. Gelb commented that this year's meeting was likely affected 
by the traveling distance and economy. Dr. Calnek felt that competition with WPDC and AAAP 
may have influenced attendance and that it would be beneficial to keep the NECAD at more 
central locations. Dr. Lucio suggested an earlier date in June might be better. Combining 
NECAD with the North Atlantic Poultry Health and Management Conference (NAPHMC) was 
discussed. It was felt that moving the meeting to March might negatively affect student 
attendance. Attendance at past NECADs was reviewed: CT~65, DE~100-125, MD~100, 
VA~100, Guelph~90, PA~80.  The following schedule for future NECADs was suggested:  Penn 
State-2004, Cornell-2005, Guelph-2006, Virginia Tech-2007.  
 
Penn State agreed to host the 76th NECAD (2004) with Dr. Dunn as chair. Drs. Key, Wallner-
Pendleton, Shaw agreed to serve on the committee.  Dr. Pierson will continue as NECAD 
Secretary. 
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Adjournment 
 
On behalf of the entire membership, Dr. Dunn thanked Dr. Opitz and the U of Maine staff for 
their hospitality and commended them for an excellent program.  
 
The meeting was adjourned at 6:00pm (a motion and second were not noted). 
 
Minutes prepared by:  F.W. Pierson, NECAD Secretary 

College of Veterinary Medicine     
Virginia Tech 

    Tel: 540-231-4529 
    Email: pierson@vt.edu 
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76th North East Conference on Avian Diseases 
Pennsylvania State University 

June 10-11, 2004 
 

Mycoplasma Report 
 

After several years of serious Mycoplasma gallisepticum outbreaks throughout 
the Eastern US, MG appears to be greatly reduced in commercial operations. 
No outbreaks of MG and M. synoviae (MS) were seen in New England (Dr. 
Kahn). The Delmarva region had only MG positive backyard flocks (Dr. Salem). 
In Georgia there was a report of an MS outbreak in Broiler Breeders (Dr. 
Kleven). 
 
In North Carolina, there was an MG outbreak in commercial turkey breeders in 
which progeny were infected by vertical transmission. No MS or MM infected 
turkey flocks. Three broiler breeder flocks became MS positive and several back 
yard flocks were MS positive (Dr. Quinn).  
 
The current threat of MG and MS appears to be backyard flocks. One area in 
which we have not focused on is the live bird market’s in the large cities in the 
eastern US. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Report submitted by J. E. Dohms 
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Avian Influenza SubCommittee Report 
Northeast Conference on Avian Diseases 

June 10, 2004 
 
Committee members:  Mariano Salem (DE), Mike Opitz (ME), Benjamin Lucio-Martinez (NY), 
Mazhar Kahn (CT), William Pierson (VA), Doug Key (PA), Susan Trock (Chair, NY) 
 
No highly pathogenic avian influenza was reported from any state in the Northeast during 
calendar year 2003.  Issues continue to be raised regarding surveillance testing and reporting 
regarding the often times severe international response to the presence of low pathogenic avian 
influenza.    
 
Maine  

 
No avian influenza was diagnosed during the reporting period in Maine.  All commercial spent 
fowl going to processing are blood tested for AIV within 10 days prior to shipment (10 samples 
per flock).  In response to the finding of a commercial poultry flock positive for low path H7N2 
in Connecticut, flock owners participated in a mortality survey of all commercial Maine layer 
flocks using tracheal swabs (Directigen test at U of ME and RT-PCR at NVSL) during the 
Connecticut AI outbreak. 

 
All live birds 6 weeks and older sent to the diagnostic lab are tested by AGP for the presence of 
AIV antibodies.  Suspect clinical cases were sent for virus isolation to NVSL (4 cases); none 
were confirmed positive. 
 
There is one registered dealer in Maine shipping to live bird markets and buying birds in the NE 
region.  Birds at auctions, fairs, shows and swaps are presently not required to be tested for AI.   
 
Biosecurity fact sheets were distributed via e-mail, mail and at meetings to 600 small poultry 
producers in Maine and New Hampshire and talks were presented on AI and END at five 
meeting for small flock owners in Maine and New Hampshire.  There has been no progress on 
bird ID.  Small flock owners are not willing to release bird numbers until the issue of bird 
slaughter and marketing has been resolved.  Presently there are no state or federally inspected 
poultry slaughter facilities in Maine. 
 
New York 
 
Subsequent to the regional live bird market closure in April 2002, all live bird markets and 
wholesalers in New York were tested and found negative for all avian influenza viruses.  
Between April 11 and December 1, 2002, five of 169 market samplings were found positive for 
avian influenza virus.  The last positive was mid-August.  These markets depopulated, cleaned 
and disinfected and were subsequently found negative.  In December 2002, 12 markets (37.5%) 
tested positive for low pathogenic H7N2 virus.  Beginning January 2003, New York State 
implemented a program of voluntary quarterly depopulation, cleaning and disinfection of all live 
bird markets.  
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Peak number of market positives was identified in March 2003 when 19 of 64 markets (29.9%) 
tested were positive for low pathogenic H7N2.  July and May of 2003 had the lowest percentage 
of positive findings among the markets with 11.8% and 11.1%, respectively.  During 2003, there 
were 33 markets that had no isolations of either H7 or H5 subtypes.  An additional 26 had one 
sampling that was positive for low pathogenic H7N2.  Eight markets were positive twice.  Sixteen 
markets were positive on three or more samplings.   
 
The market owners/managers continue to coordinate depopulation of the market followed by 
cleaning and disinfecting procedures.  When the disinfection is completed a NYS employee 
inspects the market.  If the market passes inspection environmental samples are collected from 
the empty facility.  Inspectors continue to spot check records at the approved wholesalers, permit 
holders and markets as well as sampling delivery vehicles.   
 
Evidence of low pathogenic avian influenza, H7-subtype, was detected in birds seized by a 
humane association.  Continued testing of live bird market supply flocks located in New York 
has found no evidence of either H7 or H5 avian influenza in 2003.   
 
Delaware/Maryland/Virginia (2 counties) 
 
On February 5, 2004, a small flock in Delaware of 12,000 birds was found positive for low 
pathogenic H7N2 avian influenza virus.  The flock was depopulated on February 7.  Surveillance 
around the infected flock was instituted.   
 
On February 9, 2004, a second flock composed of commercial broilers was found positive for a 
low pathogenic H7N2 avian influenza virus.  This flock was beyond the initial surveillance zone 
of 5 miles.  This flock of 72,000 birds was depopulated.  
 
On March 5, 2004, a third flock on Delmarva, located in near Pocomoke City, MD was found 
positive for a similar H7N2 avian influenza virus.  The approximately 318,000 birds (two farms 
not found positive but associated with the grower) were all depopulated.  This flock was 
approximately 55 miles from the previous infected flocks.   
 
During the outbreak more than 5800 chicken houses were tested which included more than 2,300 
farms.  Tests included Directigen, Binax and the RT-PCR on tracheal swabs from both live and 
dead birds.  Primer and probes for H7 were used for subtyping confirmation.  Serology (AGID) 
was confirmatory on all positive cases, but not used for routine monitoring.  Poultry companies 
agreed to submit birds for diagnostic purposes when flock mortality reached three or more dead 
birds per 1000 per 2 consecutive days among birds older than three weeks of age.  The 
submissions are tested for paramyxovirus as well as avian influenza. 
 
Prior to the outbreak there was no routine surveillance for avian influenza on the Delmarva.  Of 
concern is that there is still a lack of consistent, routine, surveillance and testing to monitor for 
avian influenza among the flocks on the Delmarva.    
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Connecticut  
 
In early 2003, a low pathogenic H7N2 avian influenza (LPAI) was isolated at the commercial 
egg farm. This commercial company has 7 farms in Southeastern Connecticut with a capacity of 
3.5 million layers and 1.1 million replacement pullets. All the farms are located within 20 miles 
from the feed mill. Clinical signs observed were rapid drop in feed consumption followed by 
severe drop in egg production (10-20%/week for 2 weeks). Mortality was slightly elevated and 
respiratory distress was also observed. This commercial company has 7 farms in Southeastern 
Connecticut with a capacity of 3.5 million layers and 1.1 million replacement pullets. All the 
farms are located within 20 miles from the feed mill.  
 
The option to vaccinate was preferred over depopulation mainly because it was only viable 
option and the State of Connecticut did not want adversely affect the local economy and also did 
not have the resources to compensate for the depopulation of more than 4 million birds. With 
close coordination with USDA, Connecticut Department of Agriculture and University of 
Connecticut, stricter bio-security procedures were put in place.  
 
The pullets were vaccinated twice (6 and 13 weeks old) and the previously infected layers once 
either via subcutaneous or intra-muscular injection. Vaccination began April 16, 2003. Pullets 
older than 6 weeks old during the start of vaccination were vaccinated once. One hundred 
sentinel birds were placed in each house. Sentinel birds were bled every other week and tested 
via hemagglutination inhibition test (HI) and dead birds were swab every week and tested by 
RT-PCR.  Manure and house environmental swabs were also performed as needed. All blood 
samples were sent to NVSL for testing. All dead sentinel birds were sent to the University of 
Connecticut for testing. 
 
Sentinel birds have remained negative for virus infection since the start of vaccination. All blood 
samples were negative via the HI test.  All sentinel bird were negative for AI. No virus was 
isolated from the infected farms since the start of vaccination, indicating no virus re-circulation. 
It took 2 ½ months from the start of vaccination to completely eradicate AI in all the infected 
farms. Three farms have never been infected and have remained negative to present.  
      
In summary, vaccination in conjunction with solid bio-security and routine surveillance at the 
commercial egg farms were successful in controlling the low path AI infection and it did not 
spread to other poultry in Connecticut.  
 
Pennsylvania 
  
Through routine surveillance procedures, avian influenza subtype H2N2 was diagnosed in a 
single Pennsylvania layer complex in early February 2004.  A total 462,000 hens in six houses 
were placed under quarantine.  While some low mortality was evident, on gross appearance the 
hens had no evident clinical signs. 
  
Surveillance within a two mile zone of the quarantined complex (16 premises) required a 
representative sampling of 30 birds for serum agar gel immunodiffusion testing.  In addition both 
cloacal and tracheal swabs from 30 normal mortality were tested for influenza virus.  Similarly, 
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an additional 38 premises were evaluated prior to movement of poultry in a five-mile zone.  No 
additional cases were detected in these submissions. 
  
Seventeen additional premises have been identified as epidemiological contacts with either 
vaccine crews or load out of spent hens or pullet replacements.  One each of these premises is 
located in MD and DE.  The State Veterinarians were contacted.  All premises in PA are test 
negative with the exception of two remaining to be sampled. 
  
In addition four Pennsylvania premises were identified in association with the index case of 
avian influenza subtype H7N2 infection in Delaware.  These contacts were made by a common 
feed truck conveyance.  All tested negative for avian influenza. 
  
Normal statewide surveillance also continues with all negative results. During the fiscal year July 
01, 2002 to June 30, 2003 surveillance testing included the completion of a total of 198,850 
individual AGID tests on egg yoke or serum samples, and 2,195 virus isolation tests on swab 
pools.   
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P.A. Dunn 
Penn State University 

Animal Diagnostic Laboratory 
Orchard Road 

University Park, PA  16802 
 

Tel: 814-863-1983;  fax: 814-865-3907;  email: pad7@psu.edu 
 
 

These proceedings are also posted at the following web address after June 30, 2004: 
 

http://www.vetsci.psu.edu/NECAD/NECADHome.htm 
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