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Abstract: Twenty falcons exhibiting tongue swelling, oropharyngeal pustules, and crop mucin gland
impactions were presented for veterinary care to the Al Aseefa Falcon Clinic in Dubai, United Arab
Emirates, from October to January 2018–2021. Squamous metaplasia was confirmed in 2 euthanized
falcons from this group. A study was undertaken to assess circulating concentrations of serum retinol
in this group of diseased falcons (n ¼ 20) compared with the values of a clinically healthy group (n ¼
20). Blood samples were collected and analyzed for concentrations of serum retinol. Comparison of
serum retinol concentrations between the 2 groups showed a significant difference (P , 0.001), with
clinically normal falcons having a median (25–75%) range of 1.43 (1.34–1.66) mg/mL and clinically
abnormal falcons 0.17 (0.11–0.36) mg/mL. The significant difference in the serum retinol concentra-
tions between groups provided strong evidence that the squamous metaplasia was associated with
hypovitaminosis A. These results demonstrate that circulating serum retinol concentrations may be
useful for assessing and diagnosing hypovitaminosis A in cases exhibiting distinctive lesions in the
tongue, salivary glands, crop, and oropharynx.
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INTRODUCTION

Vitamin A is a fat-soluble vitamin and an essential

nutrient for animals. Dietary vitamin A is available as

preformed vitamin A (retinol and retinyl esters) and

provitamin A carotenoids (beta-carotene and alpha-

carotene). In the 1920s, it was first established that a

diet deficient in vitamins A, C, and D could induce

changes, at the time referred to as keratinization, to

the epithelial lining of the larynx, trachea, and ducts

of the Meibomian, submaxillary, sublingual, and

parotid glands of rats.1 Further studies showed that

vitamin A deficiency alone was enough to induce

these changes, which are now referred to as squamous

metaplasia.2 In birds, vitamin A is known to play an

important role in maintaining healthy and intact epi-

thelial cells within the digestive, respiratory, urinary,

and reproductive tracts.2–6 In addition, vitamin A

deficiency in birds has been reported to lead to issues

with embryogenesis and growth, carbohydrate metabo-

lism, vision, immunity, and reproduction.2,5,7,8 Vitamin

A requirements vary by avian species. For example, gra-

nivorous species derive vitamin A from beta-carotene in

grain-based diets that, after ingestion, is converted to

retinol.5 In contrast, birds of prey, such as falcons,

may ingest vitamin A as retinol and retinol esters

from their prey.9 A previous study investigating the

concentrations of retinol and its esters in the plasma

of 5 species of nestlings and 3 species of adult free-

ranging birds of prey found that median plasma reti-

nol concentrations in both adult and nestlings varied

greatly between species, possibly as a result of differ-

ent nutritional strategies.10 Unfortunately, evidence-

based reference values for plasma or serum retinol

concentrations for birds of prey do not exist. How-

ever, these data are needed to characterize the
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variability of retinol plasma concentrations across

species and to determine the specific requirements for

falcons.

Falconry in the United Arab Emirates (UAE) is an

ancient tradition. Captive falcons used for hunting

and racing are typically fed whole-carcass quail or

pigeon with organs, skin, and bones. The training,

hunting, and racing seasons last from September

through March, and some falcons are fed a diet of

unsupplemented, boneless pigeon muscle during this

period. Between 2018 and 2021, an increased number

of falcons were presented to Al Aseefa Falcon Hospi-

tal, Dubai, with tongue swellings, impactions of the

crop mucin glands, salivary gland swellings, and oro-

pharyngeal raised pustules suggestive of hypovita-

minosis A.

This study aimed to measure serum retinol concen-

trations in clinically healthy, untrained falcons fed a

whole carcass diet and to compare this with serum

retinol concentrations of diseased falcons under train-

ing and fed an unsupplemented pigeon meat diet.

Finally, we attempt to relate retinol concentrations to

clinical signs of squamous metaplasia and describe

the typical oral lesions observed in falcons with this

condition. We hypothesized that serum vitamin A

concentration would be higher in clinically healthy

versus pigeon-fed birds and that lesions would be

consistent with squamous metaplasia.

MATERIALS AND METHODS

Animals

Two groups of falcons, group A and group B, were

evaluated. Group A consisted of 20 diseased birds,

and group B consisted of 20 clinically healthy birds

that served as controls. Group B was comprised of 9

female and 11 male gyrfalcons (Falco rusticolus) that

were imported to the UAE 1 week before sampling

from a breeder based in the United Kingdom (UK).

Group B falcons were between 5 and 8 months old,

untrained, and presented with no clinical signs; thus,

these birds were determined to be clinically healthy.

Before their arrival in the UAE, group B falcons were

fed a whole-carcass diet, including rats, whole

chicken, day-old chicks, and quail. No vitamin sup-

plement was added to the diet. All falcons in groups

A and B underwent a basic visual examination of the

oral cavity and endoscopic examination of the caudal

thoracic air sac and crop. Group A consisted of 20

clinically affected falcons, 4 males and 16 females, of

various species, including 1 female saker (Falco

cherrug; n ¼ 1), 5 female and 1 male gyrfalcon (n ¼
6), 3 female and 1 male peregrine (Falco peregrinus;

n ¼ 5), and 2 male and 6 female gyrfalcon/peregrine

hybrids (Falco rusticolus 3 Falcon peregrinus; n ¼
8). The falcons in group A originated from breeding

farms where they were fed a complete whole-carcass

diet before importation to the UAE. All birds were

between 5 and 8 months of age. Before commencing

their training in September, the diet of all these falcons

was changed from a whole-carcass diet to one exclu-

sively of unsupplemented pigeon muscle. The falcons

had been in training for at least 2 months and were pre-

sented to the Al Aseefa Falcon Hospital over a 3-month

period between October and January, 2018-2021, with

nonspecific signs of lethargy, reduced appetite, and

weight loss. The lesions found in the tongue, orophar-

ynx, salivary glands, and esophageal and crop mucin

glands in falcons from group A were typical of those

previously described for squamous metaplasia in chick-

ens5,11 and turkeys.8

Clinical examination, blood sampling,
and endoscopy

All falcons in groups A and B were fasted for

14 hours before examination. Anesthesia was induced

with 5% isoflurane (Vet One, Boise, ID, USA) in 2 L/

min oxygen administered by a face mask. Once anes-

thesia was induced, the isoflurane concentration was

reduced to 2.5%. A blood sample (3 mL) was col-

lected from each bird via the metatarsal vein and

placed into a blood collection tube with no anticoagu-

lant. Blood samples were centrifuged after collection

at 9000g for 5 minutes. The serum was then aliquoted

into Eppendorf microcentrifuge vials and stored in a

light-proof container at �208C (�48F) and subse-

quently submitted for serum retinol analysis. Endo-

scopic examination of the esophagus and crop was

performed with a 2.7-mm rigid endoscope (Karl Storz,

Tuttiingen, Germany).

Necropsy and histopathology

Two falcons from group A exhibiting severe tongue

swelling, oropharyngeal pustules, bilateral periorbital

swelling, maxillary salivary gland swelling, and diffuse

impaction of the crop mucin glands were euthanized

with 2 mL intravenous pentobarbitone (Lethabarb, Vir-

bac Milperra NSW, Australia) and submitted to the

Central Veterinary Research Laboratory (Dubai, UAE)

for routine necropsy and histological analysis.

Bacteriology

Bacterial cultures were performed with tissues col-

lected from the maxillary salivary gland, oral pustules,
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and superior palate from the 2 euthanized falcons by

directly plating samples onto 5% sheep blood agar

(Neogen, Ayr, UK), brilliant green phenol red lactose

sucrose agar (Merck, Rahway, NJ, USA), and nutrient

agar (Oxoid, Basingstoke, Hampshire, UK). Plates

were incubated at 378C (98.68F) for 24 hours. Subcul-

tures were done to yield pure growth of bacterial strains,

and these samples were further characterized by an ana-

lytical profile index system (API; bioMérieux, Durham,

NC, USA) and Vitek 2 Compact system (bioMérieux).

Antimicrobial sensitivity testing of these strains was per-

formed according to the Kirby-Bauer disk diffusion

method at the Central Veterinary Research Laboratory in

Dubai.

Retinol assay

The serum samples were processed with the

chromsystem kit (Chromosystems, Grafelfing, Bava-

ria, Germany), which consists of standard, control,

internal standard, and precipitation reagent. Fifty

microliters of the supernatant from each bird were

injected into a high-performance liquid chromatogra-

phy system with an ultraviolet detector. The instru-

ment parameters were set at 1.5-mL/min flow rate of

the column, 325 ultraviolet wavelength, and a run

time of approximately 9 minutes. The chromato-

graphic peaks were recorded for vitamin A level

quantification.

Statistical analyses

The distribution of the retinol data was evaluated

by the Shapiro-Wilk test, skewness, kurtosis, and q-q

plots. The data did not meet the assumption of nor-

mality and were log transformed. A univariate gen-

eral linear model was used to determine if sex, age,

species, or group impacted serum retinol concentra-

tions. If differences were found, a post-hoc Bonfer-

roni test was done. SPSS 25.0 (IBM Statistics,

Armonk, NY, USA) was used to analyze the data. A

P , 0.05 was used to determine significance.

RESULTS

All group A falcons exhibited a range of clinical

findings, including swelling of the tongue and man-

dibular and maxillary salivary glands. Oropharyngeal

nodules ranged in size from , 1 to 5 mm in diameter

(Fig 1). Thick yellow purulent material was manually

expressed from swollen tongues and maxillary sali-

vary glands and was submitted for microscopic exam-

ination. Endoscopic examination of the crop mucosa

demonstrated nodule-like lesions in the area of the

crop mucin and esophageal mucus glands (Fig 2).

Microscopic examination of wet and air-dried smears

revealed primarily squamous epithelial cells with few

bacteria and a minimal number of inflammatory cells.

The lack of inflammatory cells in the affected sites

suggested a noninfectious etiology. Group B falcons

had no evidence of visual lesions on the tongue or

Figure 1. Nodules in the oral mucosa and tongue of a gyrfalcon (Falco rusticolus) with hypovitaminosis A.
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oropharynx, nor were there any endoscopic changes

to the crop mucosa.

Necropsy of the 2 euthanized falcons from group A

revealed swollen maxillary salivary glands, tongues

covered with a yellow film, and pustules in the oropha-

ryngeal mucosa. Histopathology revealed extensive

hyperplastic squamous metaplasia of the epithelium of

the crop mucin glands and focal replacement of cuboi-

dal or columnar epithelium by stratified squamous epi-

thelium (Fig 3), indicative of hypovitaminosis A.

Staphylococcus aureus and Escherichia coli were iso-

lated from the oral cavity and crop lesions of the 2

euthanized falcons and were identified with a latex

agglutination kit (Oxoid, Cheshire, UK) and the VITEK

system, respectively.

There was a significant difference (F ¼ 42.9, P ,
0.001) in the retinol concentrations between groups A

and B, with group B falcons having significantly

higher (median 1.43 mg/mL; 25–75% 1.34–1.66;

minimum–maximum 1.06–1.8) retinol concentrations

than group A falcons (median 0.171 mg/mL; 25–75%
0.11–0.36; minimum–maximum 0.09–0.46) (Table 1).

There were no significant differences in retinol con-

centrations by age (F ¼ 3.3, P ¼ 0.075), sex (F ¼
1.6, P ¼ 0.208), or species (F ¼ 1.8, P ¼ 0.168).

DISCUSSION

Squamous metaplasia as a consequence of hypovita-

minosis A has been reported in numerous avian species,

including chickens,12–14 turkeys,2,8 ducks,15,16 parrots,17

canaries,4 and penguins.18 However, while multiple

nutritional deficiencies have been reported in raptors

fed a nonsupplemented, meat-only diet,19 there have

been no previous reports of squamous metaplasia

associated with hypovitaminosis A in Falconiformes.

Vitamin A is essential for the maintenance of secre-

tory tissues, with deficiency leading to changes to

mucus-producing cells in the digestive, reproductive,

and respiratory systems.5,20,21 All falcons in Group A

had tongue and salivary gland swellings, oropharyn-

geal pustules, and crop mucin gland changes, similar

lesions to the lesions identified in the 2 euthanized

falcons with squamous metaplasia confirmed on his-

tological examination. All showed classic signs of

squamous metaplasia reported in poultry where meta-

plastic changes affecting the salivary glands result in

duct blockage and symmetrical swellings developing

in the rostral choana, oropharynx, tongue, and mandib-

ular and maxillary salivary glands. Squamous cell

metaplasia of glands in the upper respiratory and diges-

tive tracts is considered pathognomonic for hypovita-

minosis A, with secondary bacterial infections a feature

of the condition.5,8,12,13,22,23 The significant difference

seen in serum retinol concentrations between the fal-

cons of groups A and B provides strong evidence that

the squamous metaplasia was associated with low

serum retinol concentrations.

As vitamin A is only acquired by birds through die-

tary intake, it is proposed that the hypovitaminosis A

Figure 2. Endoscopic view of impacted crop mucin glands (arrow) of a saker falcon (Falco cherrug) with hypovitaminosis A.
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associated with squamous metaplasia was due to the

marked dietary differences between the 2 groups of

falcons. In group A, the falcons had been fed an

unsupplemented, boneless pigeon meat diet for at

least 3 months before the veterinary examination.

Lean meat is considered an incomplete diet for fal-

cons and should only be fed for very short periods of

time, as it is nutritionally unbalanced and requires

vitamin supplementation.24 Feeding liver and skin is

considered essential in falconry birds and helps to

ensure that birds of prey receive essential fat-soluble

vitamins, but this is not a common practice in modern

Arabian falconry. Moreover, it is not only birds of

prey that may fall victim to a lack of supplementation

of meat-only diets because exotic felids in the UAE

have also been reported to have lower serum concen-

trations of vitamin A when fed such diets.25 In addi-

tion to vitamin A, it is likely that other vitamins and

minerals are deficient in a meat-only diet. This study

focused on measuring serum retinol concentrations

with the assumption that the diet was chiefly respon-

sible for the low concentrations measured. However,

nonnutritional factors such as concurrent infections,

pretraining liver reserves of retinol, exercise inten-

sity, malabsorption, protein malnutrition, and stress

may also affect serum retinol concentrations and their

depletion. Although group B falcons were considered

clinically healthy captive-bred falcons, ideally, serum

retinol concentrations from wild falcons would be a

more accurate assessment of healthy vitamin A reti-

nol status. Most vitamin A reserves are in the liver,

but serum concentrations can reflect a deficiency

when liver reserves are depleted. Measurement of

vitamin A retinol liver reserves via a liver biopsy

would provide greater insight into how quickly such

reserves can be depleted in trained falcons.26–28 How-

ever, such techniques were impractical in a clinical

setting as part of the pretraining veterinary assess-

ment. Ideally, serum retinol concentrations should be

examined from each falcon at the commencement of

training and repeated after several months of fitness

training to determine whether any bird is at risk of

developing disease before clinical signs become

apparent. In poultry, adult birds can be fed a vitamin

A deficient diet for 2–5 months before signs of defi-

ciency become apparent, with the timespan to clinical

Figure 3. Extensive hyperplastic squamous metaplasia (arrows) of the oral mucosal epithelium in a saker falcon (Falco cherrug).
Hematoxylin and eosin stain; bar ¼ 200 mm, 3100.
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signs influenced by hepatic retinol reserves.14,29 In tur-

keys, it has been reported that Vitamin A concentra-

tions were depleted after just 5 weeks of deficient

diets, with clinical lesions in the esophagus and oro-

pharynx evident at 4 weeks.8,12 Falconry birds are

trained to high levels of fitness, and the intense training

the birds undertake would be expected to increase their

nutritional requirements for vitamin A and potentially

decrease vitamin A reserves faster than in sedentary

birds such as poultry. The earliest lesions identified in

group A were identified by endoscopic examination of

the esophagus and crop mucin glands. Likewise, in

poultry, the mucus glands of the alimentary tract pre-

sent as the first signs of hypovitaminosis A. The pro-

gression of the condition in the falcons is similar to

that described in poultry.8,12,13

Bacteria isolated from oral lesions of the orophar-

ynx, tongue, and salivary glands from the 2 falcons

submitted for necropsy in this study were S. aureus

and E. coli. These likely represent opportunistic bacteria

that invaded damaged epithelial tissues. Secondary

infections are a likely consequence of the breakdown of

the mucous membranes, allowing pathogens to invade,

along with immunosuppression, which is a feature of

vitamin A deficiency in birds.30–33 Falcons with similar

clinical presentations have been reported in cases of

pseudomoniasis, trichomoniasis, and candidiasis.14,34

In group A, the characteristic lesions and low serum

retinol concentrations compared with group B made

squamous metaplasia induced by hypovitaminosis A

the most probable diagnosis. Further evidence for this

diagnosis was that the most severely affected falcons

had the lowest retinol concentrations. Plasma retinol

concentrations have been reported for some other rap-

tor species (white-tailed sea eagle [Haliaeetus albi-

cilla]; osprey, [Pandion haliaetus]; northern goshawk,

[Accipiter gentilis]), with results confirming that there

are species-specific differences in plasma vitamin A

concentrations, possibly due to differences in nutri-

tion.10 Significant variations in retinol concentra-

tions have also been reported for different species of

parrots.35 Falconiformes have higher retinol concen-

trations than mammals, and this may represent an

adaption to a carnivorous diet with a high supply of

vitamin A.9 While the current study had limited

numbers of falcons (n ¼ 20) to establish meaningful

reference data for vitamin A concentrations in clini-

cally healthy falcons, it does provide baseline data

for these species.

Based on these results, the authors conclude that the

primary condition of squamous metaplasia described in

the affected falcons resulted from low dietary vitamin

A. Clinicians treating such cases should provide vita-

min A as part of the treatment protocol. Further, we

suggest that the practice of feeding a diet of unsupple-

mented pigeon meat is detrimental to the nutritional

status of hunting falcons because of their intensive

training programs. The condition can likely be pre-

vented by feeding liver, which is an excellent source of

vitamin A. There is currently insufficient data available

Table 1. Serum retinol concentrations of clinically abnor-
mal (Group A) and clinically normal (Group B) falcons.
Falcons are classified based on age, sex, and species.

Group

Hospital

number Species Age Sex

mg retinol/

mL

A 8980 GxP Juvenile Female 0.09
A 8351 G Juvenile Female 0.09
A 3431 P Juvenile Female 0.09
A 8853 G Juvenile Female 0.09
A 3444 P Juvenile Male 0.11
A 2786 GxP Adult Male 0.11
A 8750 P Juvenile Female 0.11
A 3158 P Juvenile Female 0.14
A 8852 GxP Juvenile Female 0.14
A 8844 GxP Juvenile Female 0.14
A 8826 G Juvenile Female 0.20
A 8782 S Juvenile Female 0.20
A 8850 G Juvenile Female 0.23
A 9053 GxP Juvenile Female 0.32
A 3287 GxP Adult Male 0.34
A 8749 P Juvenile Female 0.37
A 8878 G Juvenile Female 0.40
A 8819 G Juvenile Male 0.43
A 9054 GxP Juvenile Female 0.46
A 6859 GxP Adult Female 0.46
B 7574 G Juvenile Male 1.06
B 7599 G Juvenile Male 1.15
B 7603 G Juvenile Male 1.29
B 7610 G Juvenile Female 1.32
B 7617 G Juvenile Female 1.35
B 7587 G Juvenile Male 1.35
B 7591 G Juvenile Male 1.37
B 7620 G Juvenile Female 1.37
B 7614 G Juvenile Female 1.43
B 7680 G Juvenile Male 1.43
B 7619 G Juvenile Female 1.43
B 7583 G Juvenile Male 1.46
B 7608 G Juvenile Female 1.52
B 7579 G Juvenile Male 1.63
B 7604 G Juvenile Male 1.66
B 7621 G Juvenile Female 1.66
B 7578 G Juvenile Male 1.69
B 7622 G Juvenile Female 1.72
B 7613 G Juvenile Female 1.72
B 7597 G Juvenile Male 1.80

Abbreviations: G, gyrfalcon (Falco rusticolus); GxP, gyrfalcon (Falco

rusticolus) and peregrine (Falco peregrinus) hybrid; P, peregrine falcon

(Falco peregrinus); S, saker falcon (Falco cherrug).
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to characterize the vitamin A requirements for Falco-

niformes and the degradation rate for retinol reserves

in intensely trained birds; therefore, it is important to

educate falconers on the benefits of feeding a more

balanced whole-carcass diet to maintain the health of

falconry birds in the UAE.
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