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ABSTRACT: Projects to rehabilitate confiscated animals must carefully consider the risks of dis-
ease when determining whether to release these animals back into the wild or to incorporate
them into captive breeding programs. Avipox and paramyxovirus type 1 (PMV-1) infections are
important causes of morbidity and mortality during rehabilitation of confiscated houbara bustards
(Chlamydotis undulata macqueenii). This paper presents key findings of an intensive health mon-
itoring program (physical condition, hematology, serology, endoscopy, microbiology, and virology)
of two flocks of houbara bustards that survived outbreaks of septicemic avipox and PMV-1 re-
spectively. Mortality in each flock from avipox and PMV-1 infections were 47% and 25% respec-
tively, and the clinicopathologic features and management of each outbreak are presented. Avipox
and PMV-1 viruses were not isolated from surviving birds monitored monthly for 11 mo after
initial infection nor were septicemic or diptheritic avipox and PMV-1 infections detected in the
captive breeding collection into which surviving birds were ultimately integrated up to 24 mo
later. Adenovirus was isolated from four birds during the study demonstrating that novel disease
agents of uncertain pathogenicity may be carried latently and intermittently shed by confiscated
birds. This paper demonstrates the risk of importing pathogens with illegally traded houbara
bustards and reinforces the need for surveillance programs at rehabilitation centers for these
birds. We recommend that confiscated houbara bustards integrated into captive breeding pro-
grams be managed separately from captive-bred stock. Other measures should include separate
facilities for adult birds and rearing facilities for offspring derived from different stock lines and
strict sanitary measures. Additionally, health monitoring of confiscated birds should continue after
birds are integrated into captive flocks.

Key words: Avipox, disease, health monitoring, Houbara bustard, paramyxovirus type 1, quar-
antine, rehabilitation.

INTRODUCTION

The houbara bustard (Chlamydotis un-
dulata macqueenii) has a high conservation
profile because it is the traditional quarry
of falconers in Arabia and a number of re-
gional conservation projects have been ini-
tiated by influential Arab falconers to safe-
guard the bustard and their tradition (Lau-
nay et al., 1999). There are few reliable
data on the exact status of houbara bustard
populations in the wild but they are gen-
erally considered to have declined over
most of their range during the last few de-
cades (Collar, 1996; Goriup, 1997).

There is a large illegal trade in houbara
bustards which are trapped in Pakistan,

Iran, and Afghanistan and exported to the
Middle East where they are used by some
falconers to train their falcons. It has been
suggested that 4,000–7,000 houbaras are
traded annually in this way from Pakistan
alone (Goriup, 1997). Mortality of birds
transported to the Middle East is high and
this trade may have more impact on the
status of the houbara bustard than direct
hunting with falcons (Bailey et al., 2000).

In 1998 initiatives were taken in the
Emirates of Abu Dhabi and Sharjah to
confiscate illegally imported houbara bus-
tards when they entered the United Arab
Emirates (UAE), while in Pakistan govern-
ment agencies confiscate birds as they are
smuggled out of the country through air
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and seaports. Attempts to rehabilitate and
release these birds back into suitable hab-
itats also have been initiated in Pakistan
(Ahmed, 1997) and in the UAE at the Na-
tional Avian Research Center (NARC) of
the Environmental Research and Wildlife
Development Agency (Bailey et al., 2000).

Any release of confiscated wild animals
must include screening and monitoring to
address potential negative impacts, as set
forth in the International Union for the
Conservation of Nature (IUCN) Guide-
lines for Reintroductions and Confiscated
Animals (IUCN, 1995, 2000). There is an
increasing demand and urgent need for in-
formation and advice on veterinary consid-
erations relating to responsible placement
of confiscated wildlife (IUCN, 2000). In a
recent paper (Bailey et al., 2000), the dis-
eases occurring in confiscated houbara
bustards in the Middle East were re-
viewed. One of the recommendations was
that investigations to monitor the health of
houbara bustards that have survived avian
viral infections should be initiated.

In 1998 two consignments of illegally
traded houbara bustards were confiscated
in Abu Dhabi and sent to the NARC quar-
antine facility for rehabilitation. After their
arrival avipox and paramyxovirus type 1
(PMV-1) infections were diagnosed; a
health-monitoring program of surviving
birds was initiated to follow the recovery
from each disease. This paper presents the
key findings of the disease outbreaks and
monitoring programs for each flock. Such
data allow greater understanding of the
disease risks associated with any future use
of rehabilitated birds and provides a case
study that may be useful to other rehabil-
itation projects.

MATERIALS AND METHODS

Background and clinicopathologic investigations

In October 1998 two consignments of hou-
bara bustards (Groups A and B) entered the
quarantine unit of NARC (248N, 558E, Swei-
han, Abu Dhabi Emirate) where they were
housed in separate wards. The birds originated
from Pakistan. On arrival all birds were given
antiparasitic treatments for endoparasites and

trichomoniasis including dimetridazole 3 g/10l
water (Emtryl 40% Soluble for Game Birds,
Merial Animal Health Ltd., Harlow, Essex,
UK), ivermectin 200 mg/kg by intramuscular in-
jection (Ivomec, Merial Animal Health Ltd.,
UK), and praziquantel 10 mg/kg orally (Droncit
tablets, Bayer, Bury St Edmunds, Suffolk, UK).
The birds were fed a proprietary bustard main-
tenance pellet (15.24% protein) offered ad li-
bitum supplemented with mealworm larvae
(Tenebrio molitor) and cultured mice. Fresh
water was provided ad libitum. A soluble mul-
tivitamin 1 g/l (Solvit, Micro-Biologicals, Bury
St Edmunds) was added to the water.

Within days after arrival, outbreaks of septi-
cemic avian pox and PMV-1 infections were di-
agnosed in Groups A and B respectively. Di-
agnostic investigations to confirm these diseas-
es included bacteriology, mycology, histopa-
thology, virus isolation, hematology,
parasitology, and serology.

The health monitoring program

On arrival Group A (15 male, 19 female) and
Group B (seven male, 17 female) birds were
kept in separate quarantine wards. The design
and management of the quarantine unit were
described by Naldo et al. (1997). After disease
outbreaks Group A comprised 13 avipox sur-
vivors and Group B comprised 15 PMV-1 in-
fection survivors. Each group was split into
flocks of four to six individuals in 333 m rooms.
After 6 mo six birds from each group were in-
corporated into the captive bustard collection.
Six mo later the remaining birds were similarly
incorporated into the captive flock.

The health monitoring protocol

Birds were examined on arrival, weekly dur-
ing disease outbreaks, and monthly from De-
cember 1998 to October 1999. While the birds
were in the quarantine facility monthly health
screening examinations included: physical con-
dition assessment and weight (Groups A and
B); blood collection for hematology (Groups A
and B); blood collection for PMV-1 serology on
arrival (Groups A and B); monthly blood col-
lection for PMV-1 serology (Group B); and
choanal and cloacal swabs for virus isolation
(Groups A and B). Swabs were placed in virus
transport media (minimum essential medium
containing penicillin, streptomycin, and nysta-
tin, GIBCO Life Technologies, Paisley, Scot-
land) and frozen at 220 C. Samples were sub-
mitted for virus isolation within 3 mo. Blood
was collected for avipox serology (Group A) at
arrival, 1, 2, 3, 6, 10, and 11 mo and cloacal
swabs were taken for aerobic microbiology
(Groups A and B) at 2, 6, and 11 mo. Swabs
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were collected in Amies charcoal transport me-
dium (Medical Wire and Equipment Co. Ltd,
Bath, UK). Choanal swabs were collected for
Chlamydiophila sp. antigen enzyme-linked im-
munosorbent assay (ELISA) (Groups A and B)
at arrival, 2, 6, and 11 mo, and endoscopy was
conducted on left and right sides according to
the method described by Samour (1999) at 2
and 11 mo (Groups A and B). Swabs and bi-
opsies of lesions collected during endoscopy
were submitted for aerobic bacteriology and
fungal culture. Pooled fecal samples were col-
lected for parasitology (Groups A and B) at ar-
rival, 2, 6, and 11 mo. Post-quarantine surveil-
lance and clinical and post-mortem data from
the captive flock were reviewed 12 mo after
Group A and B birds were integrated with the
NARC collection.

Laboratory investigations

Aerobic bacteriology (Silvanose et al., 1998),
hematology (Samour et al., 1994) PMV-1 anti-
body ELISA (Svanova Biotech, S-751 83 Upp-
sala, Sweden) and Chlamydiophila sp. antigen
ELISA (Ideia, Dako Diagnostics Ltd., Ely, UK)
were analyzed according to the manufacturer’s
instructions at NARC. The methodology for
the PMV-1 ELISA was described by Czifra et
al. (1996). The Svanova PMV-1 antibody
ELISA is based on a monoclonal antibody
blocking ELISA which was developed and eval-
uated for the detection of PMV-1 specific an-
tibodies from any species (Czifra et al., 1996).
Samples with a percentage inhibition (PI)
.40% were considered positive for antibodies
to PMV-1. Samples with a PI between 30–40%
were considered borderline cases. Samples
with PI #30% are considered negative for an-
tibodies to PMV-1. Virus isolation, virus char-
acterization, avipox agar gel precipitation
(AGP) (Gough et al., 1988; Alexander et al.,
1997), and salmonellae typing were conducted
at the Veterinary Laboratories Agency (VLA,
New Haw, UK). Histopathology was performed
at the Central Veterinary Research Laboratory
(CVRL, Dubai, UAE).

Statistical analyses

Statistical analyses were conducted using
Medcalc software (Medcalc software, Broek-
straat 52, Belgium). A difference of P,0.05 was
considered significant. Differences in hematol-
ogy values between abnormal Group A and B
birds and clinically normal birds were analyzed
for statistical significance with the unpaired
Student’s t-test. Hematology data from clinical-
ly normal birds was derived from the original
raw results kindly provided by Dr. J. Samour
(Samour et al., 1994). Differences in mortality

between males and females in each group were
analyzed for statistical significance with the chi-
square test. The difference in weight on arrival
between male and female birds that died and
male and female birds that survived were ana-
lyzed for statistical significance with the un-
paired Student’s t-test.

RESULTS

Management of pox and PMV-1 outbreaks

At the outset of mortality both Groups
were given enrofloxacin 200 mg/l water
(Baytril 10% oral solution, Bayer) until a
week after mortality had ended in each
group. Group A birds with pox were ad-
ministered parenteral antibiotics and mul-
tivitamins. Birds with oropharyngeal le-
sions were given supplementary alimenta-
tion (Polyaid, Vetafarm, Wagga Wagga,
Australia) and oral and parenteral fluid
therapy (Bailey, 1999). Electrical and
chemical cautery of pox lesions were con-
ducted. Nine birds with lesions recovered.
Cases with severe papillomatous lesions
were euthanized. Surviving birds were giv-
en an inactivated PMV-1 vaccine (Newca-
vac Nobilis, Intervet UK Ltd, Cambridge,
UK) at 1 ml/kg subcutaneously 6 wks after
arrival.

Group B birds which developed central
nervous system signs suggestive of PMV-1
infection were euthanized within 48 hrs of
showing clinical signs and when there was
no response to parenteral antibiotics, mul-
tivitamins, and fluid therapy. Surviving
birds were given a live canary pox vaccine
(Poulvac P Canary, Duphar, Holland) ad-
ministered via the wing web 6 wks after
arrival.

Background and clinicopathologic findings

The key features of the outbreaks of pox
and PMV-1 infections are presented in Ta-
ble 1. On arrival of Group A birds, soft
tissue traumatic injuries (wingtip and keel
abrasions) were observed in 10 birds
(29%). Typical clinical signs of avipox in-
fection were seen in 19 of 34 (56%) Group
A birds. Signs included choanal and/or
conjunctival inflammation (four), dipther-
itic oropharyngeal/choanal lesions (10),
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TABLE 1. Key features of the outbreak of avian pox and paramyxovirus type 1 (PMV-1) infections in houbara
bustards.

Group A
(Pox virus infected)

Group B
(PMV-1)

Number of birds
Morbidity (% with clinical signs)a

Total confirmed cases (%)

34
19 (56%)
25 (74%)

24
5 (21%)
6 (25%)

Recovered (number with clinical signs that
survived)

9 0

New case periodb

Mortality period
Number euthanized
Mortality (%)a

Total mortality including other causes

Arrival to 18 days
9–25 days
6

16 (47%)
20 (59%)

4–17 days
5–19 days
3
6 (25%)
6 (25%)

a With the exception of total mortality, morbidity and mortality data are directly attributable to avipox (Group A) or PMV-1
(Group B).

b New case period 5 period over which cases were diagnosed after arrival at quarantine facility.

TABLE 2. Hematology (mean 6 SEM; P value) from birds with avipox virus (Group A, n 5 11) and para-
myxovirus type 1 (PMV-1) (Group B, n 5 5) infections compared to normal ranges for the species.

Parameter
Group A

(avipox infected)
Group B

(PMV-1 infected) Normal rangea

Red blood cells (31012/l)
Hemoglobin (g/l)
Packed cell volume (%)
White blood cells (3109/l)
Heterophils (3109/l)
Lymphocytes (3109/l)
H:L ratioe

Monocytes (3109/l)

1.860.15b

11.360.99b

38.1763.19b

12.8462.17b

9.3562.04b

2.7660.44b

6.6463.79c

0.7260.25b

NDd

14.160.9c

43.6762.4c

7.161.17c

5.1960.88b

1.5160.39c

4.0160.93b

0.5360.11b

2.5160.06 (1.95–3.36)
14.9760.13 (13.3–16.3)
47.4960.53 (42.5–56.5)

5.8160.19 (3.2–7.85)
3.7660.18 (1.69–5.74)
1.8360.11 (0.66–3.3)
2.4560.25 (0.98–6.58)
0.1460.04 (0.0–1.15)

a Samour et al., 1994; mean 6 SEM (min–max).
b Significantly different (P , 0.05) using unpaired Student’s t-test from normal range.
c Not significantly different (P , 0.05) using unpaired Student’s t-test from normal range.
d ND 5 no data.
e H:L 5 heterophil:lymphocyte ratio.

glottal lesions (four), ulcerated papilloma-
tous third eyelid lesions (11), dry nodular
lesions on the bill (one), and unfeathered
part of the limbs (one). One bird had signs
of extreme respiratory distress before
death. Six birds in which pox was con-
firmed by virus isolation or histopathology,
died acutely without showing any clinical
signs. Blood samples were collected from
11 birds with avipox lesions and values are
presented in Table 2. Mean red blood cell
count (RBC), hemoglobin (Hb), and
packed cell volume (PCV) values were sig-
nificantly lower, while white cell count
(WBC), heterophil, lymphocyte, and

monocyte counts, and heterophil:lympho-
cyte ratio (H:L ratio) were significantly
higher compared with normal reference
ranges (Samour et al., 1994).

In addition to pox lesions described
above, postmortem findings in 16 birds
with confirmed pox infections included:
esophageal papillomas (one); splenomega-
ly (14); pulmonary congestion (five); sinus-
itis (one); tracheal lesions (three); bacterial
pulmonary granuloma (one); renal en-
largement and congestion (three); proven-
triculitis (one); pancreatic inflammation,
enlargement, and hardening (seven); he-
patic inflammation (nine); peritonitis and
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TABLE 3. Significant bacteria and fungi isolated
from Group A birds (avipox virus infected) at post-
mortem examination.

Isolates Site

Aspergillosis fumigatus Lung (2a), peritoneal flu-
id (1), airsac (1)

Candida albicans Lung (1), airsac (1)
Candida tropicalis Lung (1), airsac (1)
Escherichia coli Trachea (1), airsac (2),

peritoneal fluid (1),
kidney (1), spleen (1),
liver (1), lung (1), tho-
racic fluid (1)

Klebsiella pneumoniae Lung (2), spleen (1), air-
sac (1), ceca (1)

Nocardia asteroides Airsac (1)
Proteus mirabilis Lung (1), liver (1)
Pseudomonas aeruginosa Trachea (2), liver (1), air-

sac (1), peritoneal flu-
id (1)

Salmonella arizonae Small intestine (1)
Salmonella reading Ceca (2), liver (2), lung

(1)

a Number of isolates indicated in parentheses.

mucoid peritoneal fluid (six); intestinal ad-
hesions (four); intestinal mucosal inflam-
mation (five); airsacculitis (nine); intestinal
endoparasites (two); and disseminated
fungal granulomas (one). Culture results
from samples collected postmortem are
presented in Table 3.

Seven cases with obvious avipox papil-
lomas on the skin and/or eyelids were not
submitted for histopathology. Formalin-
fixed samples from the remaining 13 birds
that died in Group A were submitted for
histopathology and a diagnosis of avipox
infection was confirmed in nine birds. Mi-
croscopic lesions in these cases included
proliferative dermatitis (five), stomatitis
(one), esophagitis (one), tracheobronchitis
(five), laryngopharyngitis (three), airsac-
culitis (one), pancreatitis (one) and nec-
rotizing peritonitis (six) with intracytoplas-
mic eosinophilic inclusion bodies. Avipox
virus was isolated from intestinal swabs
collected from two (18%) of 11 birds from
Group A. Avipox virus was isolated from
cutaneous, oropharyngeal, and visceral le-
sions collected postmortem. Causes of

death in the four birds that did not die
from avipox included aspergillosis (two),
coccidial enteritis (one), and foreign body
impaction of the intestinal tract (one).

On arrival of Group B birds keel abra-
sion was observed in one bird. Clinical
signs of PMV-1 infection seen in five
Group B birds were similar to those de-
scribed by Bailey et al. (1997) and includ-
ed dyspnea (one), ataxia (one), head
twitching (two), and depression (one). One
bird died acutely without showing any
clinical signs. Blood samples were collect-
ed from five birds showing clinical signs
and from which a positive diagnosis of
PMV-1 was later confirmed. Hematology
values are presented in Table 2. Mean Hb
and PCV levels were at the low end of nor-
mal reference values (Samour et al., 1994).
Mean total WBC and lymphocyte counts
were at the high end of normal ranges.
Heterophil and monocyte counts and H:L
ratio were significantly higher than normal
ranges. Gross postmortem findings were
inconclusive with the exception of pancre-
atic inflammation in two cases. No signif-
icant bacteria or fungi were isolated from
brain, liver, pancreas, and intestinal con-
tents. Significant microscopic findings in-
cluded edema, gliosis, and nonsuppurative
encephalitis and subacute nonsuppurative
pancreatitis with necrosis in two cases.
Paramyxovirus type 1 was isolated from
pooled intestinal and choanal swabs col-
lected from two of five (40%) of postmor-
tem cases from Group B. Rising titers of
PMV-1 antibodies were detected in paired
serum samples collected from the surviv-
ing 15 birds on arrival and 1 mo later (Ta-
ble 6). One surviving bird in Group B
failed to seroconvert.

Viral characterization

Avipox virus was isolated on the chorio-
allantoic membrane (CAM) of specific
pathogen free hen’s eggs and identified
following electron microscopy (EM) ex-
amination. The isolate also grew well in
primary chicken embryo cells producing a
widespread cytopathic effect. Studies are
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TABLE 4. Mean weights (grams; mean6SEM) of
male and female birds on arrival at the NARC in
Groups A (avipox virus infected) and B (paramyxo-
virus type 1 infected) that survived compared with
birds that died. Differences were not significant
(P,0.05).

Group Survived Died

Female group A

Male group A

Female group B

Male group B

858623
(n59)a

1236650
(n54)

939629
(n512)

1264611
(n53)

815626
(n57)

1074644
(n59)

889653
(n53)

1213687
(n53)

FIGURE 1. Monthly (mean6SEM) weight of
Group A (avipox virus infected) and Group B (PMV-
1 infected) birds after arrival at the National Avian
Research Center.

currently in progress at the VLA to com-
pare the houbara poxvirus with other avian
poxviruses.

Paramyxovirus was isolated in the allan-
toic fluid of 9–10 day old embryonated
hen’s eggs. The allantoic fluid of the dead
eggs was harvested and identified by hem-
agglutination/hemagglutination inhibition
(HA/HI) as PMV-1. The isolate was fur-
ther characterized by indirect immunope-
roxidase (IIP) tests using a panel of mono-
clonal antibodies and placed in group C1
(velogenic). The intracerebral pathogenic-
ity index (ICPI) test (Official Journal of
the European Communities, 1992) was
carried out in day-old chicks and proved
the isolate to be pathogenic with an ICPI
of 1.8.

Pattern of mortality

A greater proportion of male birds died
from avipox infection compared with fe-
male birds in Group A; more males also
died in Group B from PMV-1, and in
Groups A and B combined from all mor-
tality causes. In Group A the mortality
from avipox infection was 60% (9/15) and
37% (7/19) for male and female birds re-
spectively, but the difference was not sig-
nificant (P50.32). In Group B the mortal-
ity from PMV-1 infection was 43% (3/7)
and 18% (3/17) for male and female birds
respectively, but the difference was not
significant (P50.44). The overall mortality

in Groups A and B from all causes was
59% (13/22) and 36% (13/36) for male and
female birds respectively, but the differ-
ence was not significant (P50.161).

Results of the health monitoring program

Condition: The body weight on arrival
of all Group A and B birds was lower than
normal ranges established at NARC for
birds of the same sex and age. Normal
bodyweights (mean6SEM) for captive
male and female houbara bustards are
1,534619 g and 1,071613 g respectively
(Samour, 1999). Although the mean
weight of birds on arrival at quarantine
that survived was greater than the mean
weight of birds that died in both Groups
A and B, the differences were not signifi-
cant for any category (Table 4). All birds
gained weight from the time that they
were admitted to the quarantine center
where they had access to a balanced ad
libitum diet. Maximum weight gain took
place during the first 3 mo (Fig. 1).

Hematology: It was not possible to an-
alyze hematology samples from every bird
in the first 2 mo during the disease out-
break phase and unfortunately the dataset
is incomplete. Additionally, hematology re-
sults from birds collected while they were
being treated for traumatic injuries (sev-
en), bacterial peritonitis (one), paresia
(one), and corneal ulceration (one) were
excluded from the dataset.

The datasets of erythrocytic parameters
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TABLE 5. Monthly change in mean white cell count, total heterophil count, total lymphocyte count, hetero-
phil:lymphocyte ratio (mean6SEM, n) in Group A (avipox virus infected) and Group B (paramyxovirus type
1 infected) birds.

Parameter Group

Month

0a 1 2 3 4

White cell count
(3109/l)

A

B

14.7261.39b

5
6.2261.62c

6

8.7561.67b

4
9.763.91b

4

6.9460.91c

13
6.5260.69c

14

6.3260.623c
12
5.6360.46c

15

5.9660.89c

11
6.3360.83c

15

Heterophil count
(3109/l)

A

B

9.9361.42b

5
4.0361.39c

6

ND

ND

4.2560.71c

13
3.6960.59c

14

3.4060.40c

12
2.9460.23b

15

3.3060.57c

11
3.5660.73c

15

Lymphocyte
count (3109/l)

A

B

4.2360.36b

5
1.8660.29c

6

ND

ND

2.3260.25b

13
2.5760.26b

14

2.6760.21b

12
2.3860.23b

15

2.2760.29c

11
2.5160.18b

15

Heterophil:
lymphocyte ra-
tio

A

B

2.4160.39c

5
2.0960.62c

6

ND

ND

1.8760.25c

13
1.5360.25b

14

1.2560.11b

12
1.3260.12b

15

1.4560.17b

11
1.4760.30b

15

a 0 5 arrival at National Avian Research Center.
b Significantly different (P , 0.05) unpaired Student’s t-test from normal range.d
c Not significantly different (P , 0.05) unpaired Student’s t-test from normal range.d
d Samour et al., 1994; see Table 2.

for Groups A and B were small for the first
2 mo. Consequently erythrocytic parame-
ters from birds in Groups A and B were
combined to demonstrate important
changes in erythrocytic parameters during
this period that are pertinent to the reha-
bilitation of houbara bustards in general.
Mean Hb and PCV values were lower in
birds on arrival compared to normal rang-
es. Hemoglobin values (mean6SEM)
were 1361.03, 14.0860.35, 16.3460.29,
and 16.1260.49 g/dl at 0, 2, 3 and 4 mo
respectively in Group A and B birds.
Packed cell volumes (mean6SEM) were
39.362.89, 45.861.25, 49.660.96, and
49.661.14% at 0, 2, 3 and 4 mo respec-
tively in Group A and B birds. Two months
after arrival mean RBC, Hb, and PCV for
surviving birds in Groups A and B were
within normal reference ranges for the
species (Samour et al., 1994). Individual
and mean flock red cell parameters (RBC,
Hb, PCV) remained within normal refer-
ence ranges from 2–11 mo in Groups A
and B (data not shown).

In Group A, mean WBC, heterophil,
and lymphocyte counts were higher than
normal reference levels on arrival and at 1
mo (WBC), but were within normal ranges
from 2–11 mo (Tables 8, 9 and 10). In
Group B mean WBC was within normal
ranges on arrival and only exceeded nor-
mal reference ranges 1 mo after arrival
(n54, Table 5). Mean WBC, heterophil,
and lymphocyte counts were within nor-
mal ranges from 2–11 mo after arrival (Ta-
ble 5). In nine Group B birds reactive lym-
phocytes were observed during the second
mo after arrival, but similar changes were
not observed in Group A. Mean monocyte
counts were within normal ranges from 0–
11 mo for both Groups A and B (data not
shown). In both Groups A and B at 6 mo
there was a significant mean leukopenia
and heteropenia (Table 5). The reason for
this could not be determined and although
the timing was not consistent with the iso-
lation of adenovirus from three birds dur-
ing the third and fourth month, it remains
possible that this leucopenia in the sixth
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TABLE 5. Extended.

Month

5 6 7 8 9 10 11

5.7361.24c

4
6.4760.92c

10

4.5160.41b

11
4.3660.49b

14

5.6860.51c

10
5.2660.63c

12

7.160.94b

6
6.5761.11c

6

4.160.41b

5
4.6360.59b

6

6.1960.75c

7
5.5560.49c

10

5.0461.01c

8
4.5460.59b

11

3.3561.03c

4
3.7660.77c

10

2.5360.35b

11
2.6760.40b

14

3.1660.42c

10
3.1060.47c

12

4.1660.95c

6
4.0860.74c

6

1.9660.25b

5
2.5160.33c

6

3.9460.63c

7
3.360.40c

10

3.0360.93c

8
2.9060.54c

11

1.9460.15c

4
2.1760.35b

10

1.7360.16c

11
1.5160.13c

14

2.0560.19c

10
1.8960.29c

12

2.6460.28b

6
2.2260.38c

6

1.9160.14c

5
1.9560.29c

6

1.9560.24c

7
1.960.19c

10

1.7060.15c

8
1.4460.17c

11

1.6360.41c

4
2.1260.54c

10

1.5860.26c

11
1.8360.25c

14

1.7060.30c

10
1.9360.41c

12

1.6860.44c

6
2.1560.54c

6

1.0260.09b

5
1.3460.17c

6

1.9460.26c

7
1.8960.30c

10

1.2760.37c

8
2.0660.31c

11

month could have been related to expo-
sure to adenovirus.

One of the most notable observations in
Groups A and B were lower H:L ratios
associated with increased proportions of
lymphocytes (high end of normal ranges) in
many birds (Table 5). In normal houbara
bustards the H:L ratio is 2.4560.25 (0.98–
6.5) or in a blood film heterophils comprise
6461.71% (46–85%) (mean6SEM, range)
and lymphocytes comprise 3260.09% (13–
52) of the cells respectively (derived from
original data from Samour et al., 1994).
This figure is similar to the results of ex-
aminations on over 2,500 blood samples
from houbara bustards between 1993–
2000 at the NARC veterinary laboratory
(Silvanose and Bailey, unpubl. obs.). The
mean monthly H:L ratios in Groups A and
B were consistently lower than the normal
mean ratio of 2.45 for the entire monitor-
ing period, and were significantly lower
during mo 3 and 4 for Group A and mo
2, 3, and 4 for Group B (Table 5). This
was more marked in Group A birds. It was
still noticeable at 11 mo when four of sev-
en Group A birds compared with one of

10 Group B birds had an H:L ratio less
than one (data not shown).

Serology: Sera collected on arrival
from 27 of 34 Group A birds was tested
for PMV-1 antibodies and all samples were
negative. Thirteen of 17 birds (76%) were
positive for antibodies against avipox virus
on arrival. When 11 birds that survived
avipox infection were sampled 1 mo later,
10 were seropositive; the one seronegative
bird had been seropositive on arrival. Two
months after arrival, pox virus antibodies
were detected in three (30%) of 10 surviv-
ing birds. Three months after arrival anti-
bodies were detected in one (11%) of nine
birds. At six (n510), 10 (n57), and 11
(n57) mo antibodies were detected in two
birds both of which were seropositive at 2
mo and seronegative at 3 mo. These re-
sults may indicate that there was re-expo-
sure to avipox virus.

Eleven (47%) of 23 birds from Group B
were seropositive for PMV-1 on arrival.
Two (33%) of six birds that died of PMV-
1 infection were seropositive on arrival.
Serology results, expressed as PI for the
surviving birds in Group B are presented
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TABLE 6. Monthly change in paramyxovirus type 1 ELISA titers in Group B birds.

Month 0a 1 2 3 4

Mean (percent
inhibition)6SEM

Range
n

34.965.4
0.9–68.7

17

73.163.2
48.9–86.2

11

75.762.5
59.8–87.6

11

80.762.5
57.7–88.1

14

78.464.1
62.1–88.3

6

a 0 5 arrival at National Avian Research Center. Does not include data from one bird that failed to seroconvert during the
study.

in Table 6. A rising PMV-1 antibody titer
following arrival was detected in all but
one bird in Group B. This bird failed to
seroconvert throughout the duration of the
program. In the birds that seroconverted,
antibody levels remained high and all 10
birds from which samples were collected
11 mo after arrival were seropositive.

Virology screening: No virus was iso-
lated from cloacal and choanal swabs col-
lected from the 34 Group A birds on ar-
rival. Avipox virus was not isolated from
cloacal and choanal swabs during the sub-
sequent 11 mo from surviving birds or
from feather pulp samples collected 6 and
12 mo after arrival from one and six birds
respectively, which had pox lesions. An ad-
enovirus was isolated from pooled cloacal
and choanal swabs once from one bird at
4 and 11 mo after arrival and from one
bird 4 mo after arrival.

No virus was isolated from cloacal and
choanal swabs collected from 24 Group B
birds on arrival. Paramyxovirus type 1 virus
was not isolated from cloacal and choanal
swabs from any surviving birds during the
subsequent 11 mo. An adenovirus was iso-
lated from pooled cloacal and choanal
swabs on three occasions from two birds 4
and 11 mo after arrival. Studies at the VLA
using one-way virus neutralization tests
suggested the adenoviruses belong to fowl
adenovirus (FAV) serotype 1 group.

Cloacal microbiology, Chlamydophila
sp. status and parasitology results: Nor-
mal flora (Escherichia coli, Enterococcus
sp., Serratia sp., and Proteus mirabilis)
were isolated from cloacal swabs collected
at 2, 6, and 12 mo from Groups A (6, 12,
and 6 samples, respectively) and B (8, 12,

and 5 samples, respectively). The only ex-
ception was Salmonella albany which was
isolated from a single bird in Group B
once during month 6. All Group A and B
birds remained Chlamydiophila sp. anti-
gen negative throughout the trial. Tricho-
monas sp. was observed in pooled fecal
samples collected from Groups A and B
on arrival, and at 2, and 11 mo. Oropha-
ryngeal swabs were collected from birds
with stomatitis on arrival and Trichomonas
sp. was observed in two of nine birds.

Endoscopy: Surviving birds were sub-
jected to endoscopy 2 mo after arrival
when the birds were physically normal on
clinical examination and there were no ex-
ternal clinical signs associated with avipox
or PMV-1 infection. Endoscopy was used
on 10 birds in Group A 2 mo after arrival.
Abnormalities were observed in all birds
including: splenomegaly (two); splenic in-
flammation (one); adrenomegaly (one);
pancreatitis (one); regressing mucoid le-
sions, plaques, and adhesions on the se-
rosal surfaces of the alimentary tract, liver,
and kidney (nine); and evidence of recent
air sacculitis (vascularized, opaque, and
thickened airsacs) (three). No fungal or
bacterial pathogens were isolated from
swabs taken from airsacs and adhesions.
Internal serosal surfaces had a mucoid ap-
pearance. Six birds were further examined
using endoscopy 10 mo later. No abnormal
findings were recorded from three birds.
In three birds the remnants of small ad-
hesions between intestinal loops were not-
ed.

Endoscopy was used on 16 birds from
Group B 2 mo after arrival. No abnormal
findings were observed in eight birds. Ab-
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TABLE 6. Extended.

5 6 7 8 9 10 11

82.761.4
70.9–89.9

15

78.561.5
69.8–84.2

10

85.661.3
77.9–90.2

12

84.7
81.8–87.6

2

84.662.3
78.1–88.9

4

87.760.6
85.1–89.9

8

85.960.6
82.8–88.9

10

normal findings in the other eight birds in-
cluded: splenomegaly (one); evidence of
recent air sacculitis (three); regressing le-
sions and adhesions on the alimentary
tract (three); mild hepatic inflammation
(three); and pancreatitis (one). No fungal
or bacterial pathogens were isolated from
swabs taken from airsacs and adhesions.
Two birds with abnormal findings were
further examined using endoscopy 10 mo
later. The remnants of small adhesions be-
tween intestinal loops was observed in one
bird.

Integration into the captive bustard flock of
NARC

At the time of writing, 24 mo after ar-
rival of the birds and 12 mo after their
integration into the NARC flock, PMV-1
and avipox infections have not been diag-
nosed in surviving Group A and B birds,
or in other NARC captive bustards at the
sites where these rehabilitated birds have
been integrated.

The three birds that were positive for
adenovirus during the monitoring program
were euthanized 21 mo after arrival. Fro-
zen organ samples (brain, liver, spleen,
lung, small intestine, large intestine, and
kidney) were submitted for virus isolation
and no viruses were isolated. Histopatho-
logic examination of internal organs was
unremarkable. An additional bird with cu-
taneous skin lesions from Group A was eu-
thanized at 19 mo. Histopathologic exam-
ination of the cutaneous lesions confirmed
bacterial dermatitis and no viruses were
isolated from skin samples submitted for
virus isolation. Adenovirus was isolated
from frozen organ samples collected from
this bird, but histopathologic examination
of internal organs was unremarkable.

DISCUSSION

The rehabilitation of confiscated hou-
bara bustards presents serious medical
challenges and ethical dilemmas to wildlife
agencies in the Middle East. Conservation
agencies accept that confiscated animals
can be euthanized, incorporated into cap-
tive breeding collections, or released back
into the wild (IUCN, 2000). Any release
of confiscated wild animals must include
screening and monitoring to address po-
tential negative impacts, as set forth in the
IUCN Guidelines for Reintroductions and
Confiscated Wildlife (IUCN, 1998, 2000).
It is important to determine whether ani-
mals, such as the houbara bustards de-
scribed in this report that have recovered
from serious viral infections can pose a risk
to captive and/or free-living populations.

The high morbidity and mortality asso-
ciated with diphtheritic and septicemic
forms of avipox in Group A were similar
to those observed in other species (Rit-
chie, 1995; Tripathy and Reed, 1997; Ger-
lach, 1999). Mortality rates are highest
when diptheritic lesions cause defects in
the mucosal barrier of the alimentary or
respiratory tract, allowing secondary bac-
terial, fungal, or chlamydophila infections
(Ritchie, 1995). Measures to reduce ex-
posure of birds to pathogens should be ini-
tiated when birds are received at rehabil-
itation centers including immediate anti-
biotic prophylaxis and immune stimula-
tion.

Avipox virus infections generally stimu-
late the production of antibodies that pro-
tect a bird from infection by the same
strain of virus for 6–12 mo (Ritchie, 1995).
Antibodies to avipox virus in chickens can
be detected 1–3 wks after infection (Rit-
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chie, 1995) and they persist for more than
15 wks. In houbara bustards, avipox anti-
bodies were also of a short duration and
by 3 mo antibodies could not be detected
in most birds. However, antibodies were
detected in two houbara that were sero-
positive at 2 mo, seronegative at 3 mo, and
then seropositive at 6, 10, and 11 mo after
exposure. These results may indicate re-
activation of avipox virus and certainly
warrant further investigation. It has been
suggested that avian poxvirus infections,
particularly in a flock situation may remain
latent for years (Gerlach, 1999).

Systemic avipox virus infection with le-
sions of bronchopneumonia, airsacculitis,
and diphtheroid enteritis has been de-
scribed in psittacines, canaries (Serinus
canaria), and house sparrows (Passer do-
mesticus) (Donnelly and Crane, 1984;
Gerlach, 1999). To our knowledge this is
the first time septicemic avipox virus in-
fection has been reported in houbara bus-
tards. In lovebirds (Agapornis roseicollis),
intracytoplasmic inclusions have been re-
ported in feather follicles (Tsai et al., 1997)
and birds that recover from poxvirus in-
fection may develop persistent infections
and intermittently shed virus from the gas-
trointestinal system, skin, or feathers (Rit-
chie, 1995). In the current study, avipox
virus was not isolated from feather samples
of Group A birds. Additionally avipox virus
was not isolated from surviving birds 11
mo after initial infection and neither were
septicemic and diphtheritic avipox lesions
detected in the captive breeding collection
into which surviving birds were integrated
up to 24 mo later.

The poor body condition of houbara
bustards with avipox was probably due to
anorexia because lesions on eyelids and
diphtheritic oropharyngeal lesions inter-
fered with vision and feeding as is found
in other species (Tripathy and Reed,
1997). Supportive care including tube
feeding is an important component in the
care of pox-affected houbara bustards.
Trichomonas sp. is common in oropharyn-
geal and fecal samples from houbara bus-

tards (Silvanose et al., 1998) and we de-
tected this parasite in oropharygeal swabs
from birds with diptheritic pox lesions.
Clinicians should be aware of the potential
for confusing diphtheritic avipox lesions
with trichomoniasis in houbara bustards.

Diagnosis of PMV-1 infection was con-
firmed by demonstrating increased anti-
body titer in paired sera samples from ex-
posed birds and virus isolation from post-
mortem organ samples and cloacal/choanal
swabs from dead birds. The key features
of PMV-1 in houbara bustards are similar
to those in other species (Beard and Han-
son, 1984; Ritchie, 1995; Gerlach, 1999;
Wernery, 1999). In domestic fowl surviving
PMV-1 infection, hemagglutinating inhi-
bition antibody titers may remain detect-
able for 1 yr (Alexander, 1997). In our
study, antibody levels were maintained for
11 mo; this may be related to sensitivity of
the ELISA. These results are comparable
to the long duration of circulating PMV-1
antibodies in psittacine species (Erickson,
1976). Testing for PMV-1 antibodies in
confiscated houbara bustards on arrival
and 1 mo after arrival should be consid-
ered an important health screening pro-
cedure by rehabilitation centers. A rising
antibody in these birds would indicate a
recent infection with the PMV-1 virus. Se-
rologic screening in this manner is more
cost effective than virologic screening of
individual birds and demonstrates birds
were exposed to PMV-1 within the previ-
ous year. Psittacine species can shed PMV-
1 virus from 28 days to 1 yr after experi-
mental infection (Erickson, 1976; Clubb,
1986). We did not isolate PMV-1 virus
from surviving birds 11 mo after initial in-
fection or detect the virus in the captive
breeding collection into which surviving
birds were integrated up to 24 mo later.

Pancreatitis occurs in several avian viral
diseases (Randall and Reece, 1996) and
specifically in chickens and pigeons due to
PMV-1 infection (Barton et al., 1992;
Meulemans et al., 1998). To our knowl-
edge this is the first time pancreatitis has
been reported in houbara bustards asso-
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ciated with PMV-1 and septicemic avipox
virus infections.

Paramyxovirus type 1 was reported in a
houbara bustard breeding project in the
Kingdom of Saudi Arabia (Ostrowski et al.,
1995) and in recently imported houbara
bustards in the UAE (Bailey et al., 1997).
However, this disease was not detected
from 1992 to 2000 in the NARC captive
breeding collection where the birds are
vaccinated (Bailey et al., 1998) and main-
tained under controlled conditions. Simi-
larly, the septicemic and diphtheritic form
of avipox have not been observed in any
species of bustard maintained in NARC
captive breeding collections, although cu-
taneous avipox infection is not uncommon
(Bailey et al., 1996). Stress makes chickens
more susceptible to PMV-1 infection (Mo-
hamed and Hanson, 1980) as well as acti-
vating latent avipox infections (Ritchie,
1995). In our experience in the UAE,
PMV-1 and diphtheritic and septicemic
avipox are seen only in illegally traded
houbara bustards. The susceptibility of
smuggled houbara bustards to viral infec-
tions is probably related to stress, high
stocking densities, and unhygienic trans-
portation conditions.

The mortality of houbara bustards as a
direct result of this trade is large and mor-
tality is high even among birds in rehabil-
itation centers where medical care is pro-
vided. At one rehabilitation center in Pak-
istan 48% of birds admitted died in 1999
(unpubl. data) and avian pox and PMV-1
were important causes of this high mor-
tality. During 1998–2000 mortality was
59% in 454 confiscated houbara bustards
submitted to the NARC quarantine unit
(unpubl. data). This high mortality empha-
sizes the importance of medical care and
health screening as part of the rehabilita-
tion process.

Endoscopy 2 mo after arrival demon-
strated the limitations of a routine physical
examination and was a valuable tool to as-
sess lesions in internal organs. These
changes may have been associated with
earlier episodes of disease and may be ev-

ident long after the bird appears to have
recovered. They could influence survival
of birds released into the wild.

Birds with viral infections may have in-
consistent hemograms due to the immune
response and coincidental infections by
bacterial and fungal pathogens (Fudge and
Joseph, 2000). Skewed H:L ratios were ob-
served in bustards and stone curlews (Bur-
hinus oedicnemus) examined in NARC
quarantine facilities between 1992 and
1996 (unpubl. data). These birds had re-
covered from avipox and PMV-1 infections
but were otherwise clinically normal (Sa-
mour, pers. comm.; unpubl. obs.). Skewed
H:L ratios may be useful indicators of pre-
vious exposure to viral disease in houbara
bustards. The duration of skewed H:L ra-
tios in Group A birds was surprising and
may have been related to severity and
widespread effects of septicemic avipox in-
fection.

Adenoviruses are a common cause of
disease in birds (Capua et al., 1995; Hines
et al., 1995; McFerran, 1997) but have not
been isolated previously from houbara
bustards. Adenovirus was isolated from
three birds during the first 11 mo of the
study, but not when these individuals were
euthanized 21 mo after arrival. Adenovirus
was isolated from a Group A bird eutha-
nized 19 mo after arrival though the virus
had not been isolated from this bird pre-
viously. Adenoviruses are commonly recov-
ered from persistently infected, asymp-
tomatic birds. Asymptomatic adenovirus
infections often are not detected until a
bird becomes immunocompromised (Rit-
chie, 1995; Gerlach, 1999). Additional in-
vestigations are needed to determine the
significance of adenovirus infections in
houbara bustards.

Clearly rehabilitation and release into
the wild or incorporation into captive
flocks entail disease risks, even after inten-
sive medical treatments, comprehensive
health screening, and lengthy quarantine
periods. Intermittent shedding of adeno-
virus by three birds in the study and iso-
lation of reovirus from other flocks of con-
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fiscated houbara bustards (Bailey et al.,
2000) demonstrate that novel disease
agents of uncertain pathogenicity may be
latently carried and intermittently shed by
confiscated birds. This illustrates the dif-
ficulty of detecting carrier birds from con-
ventional quarantine screening at 45 days
after arrival. There is no published infor-
mation on adenovirus infections in bus-
tards, although reovirus has been associ-
ated with mortality in young Heuglins bus-
tards (Neotis heuglini) in Dubai (Wernery,
pers. comm.). In general, morbidity and
mortality associated with adenovirus infec-
tions in birds varies with the host and viral
strain (Ritchie, 1995). The susceptibility of
juvenile birds to reovirus and adenovirus
infections (Ritchie, 1995; McFerran, 1997)
is an important reason for excluding these
diseases from breeding collections. Inves-
tigations to determine the significance of
these newly reported viral infections in
bustards are warranted.

There is clearly a risk of importing path-
ogens with illegally traded houbara bus-
tards and our evidence reinforces the need
for surveillance programs, in particular vi-
rologic screening, at rehabilitation centers
for these birds (Shortridge and Burrows,
1997; Bailey et al., 2000). We recommend
that confiscated houbara bustards be man-
aged separately from captive-bred stock if
they are integrated into captive breeding
programs. There should be separate facil-
ities for adult birds and rearing facilities
for offspring derived from different stocks
and strict sanitary measures. Additionally,
health monitoring of confiscated birds
should be continued after birds are inte-
grated into captive flocks and should in-
clude routine virologic screening of all
confiscated birds that subsequently die, in
addition to a comprehensive necropsy, his-
topathologic, and microbiology examina-
tions. Free-living psittacines can act as res-
ervoirs of serious diseases (Schmidt, 1993);
the health status of free-living houbara
bustards has been insufficiently investigat-
ed to ascertain whether some of the dis-
eases detected in illegally trapped wild

birds are present in free-living popula-
tions. Thorough assessment of the health
status of free-living houbara bustard pop-
ulations should be considered a priority for
agencies involved in rehabilitating and re-
leasing birds into the wild or utilizing con-
fiscated illegally traded houbara bustards
in captivity.
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