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ABSTRACT: Twenty-four American white ibis
(Eudocimus albus) nestlings were collected in
Florida (USA) on 17 April 2017 to establish a
captive flock. On 7 May 2017, three birds died
suddenly, following severe lethargy, hemorrhaging
from the mouth and nares, anorexia, and production
of bright-green colored feces. An additional ibis
with delayed growth and pathological fractures
was euthanized 18 May 2017. Severe ventriculitis
associated with Macrorhabdus ornithogaster was
noted in all four birds, bacterial sepsis was
confirmed in one bird by culture and histologic
examination, and bacterial endotoxemia was
suspected in two birds based on gross and
histologic examination, but no bacteria were
isolated from these birds. Birds also had vitamin E
liver levels consistent with coagulopathy previously
described in pelicans. We sampled feces from 91
adult, free-living, healthy ibis in Florida in July
2017 and found 71% were shedding organisms
with morphologic characteristics consistent with
Macrorhabdus sp. Molecular characterization
of the ibis-origin M. ornithogaster showed it
was phylogenetically related to numerous M.
ornithogaster sequences. It is unknown if M.
ornithogaster infection resulted in clinical disease
as a result of dietary or stress-related dysbiosis, or
other factors. Macrorhabdus-associated disease has
not previously been confirmed in wading birds.
We discuss potential associations of gastric M.
ornithogaster infection with morbidity and mortality
in these cases and highlight the need for additional
studies on this pathogen in free-living birds.

Key words: Eudocimus albus, Macrorhabdus
ornithogaster, ventriculitis, white ibis.

American white ibis (Eudocimus albus) are
increasingly found in urban areas (e.g., parks,
golf courses, landfills) in South Florida, in
response to decreasing wetland availability

(Hernandez et al. 2016) and resources provided
by urban habitats (Murray et al. 2018). As part of
a study on the effects of urbanization on avian
ecology and health, we collected 24 ibis nestlings
(range 7–14 d old) on 17 April 2017 from a rook-
ery in Broward County, Florida, USA (26˚
07027.400N 80˚32029.300W), to establish a captive
flock and conduct a study on the impact of diet
on pathogen dynamics. All procedures were
reviewed by the University of Georgia’s Institu-
tional Animal Care and Use Committee (IACUC
no. A2016 11-019) and under Florida Wildlife
Conservation Commission (LSSC-11-00119F)
and US Fish and Wildlife Service (MB779238-0)
permits. Nestlings initially received oral electro-
lytes and were then transitioned to a dilute avian
recovery formula (Emeraid, Piscivore diet, Cor-
nell, Illinois, USA). The following day, nestlings
were transported to the University of Georgia,
Athens (UGA, Athens, Georgia, USA). Two
equal groups were housed in separate pens. Ibis
nestlings grow rapidly; thus husbandry, nutrition,
and environmental enrichment provided were
adjusted over time (see Table 1 for diet composi-
tion and delivery methods relevant to this study;
for additional husbandry details see Supplemen-
tary Materials).
From the time of collection, ibis 73 (pen

1) exhibited regurgitation, slow weight gain,
and persistent leukocytosis. It was hospital-
ized on 24 April 2017 at the UGA College of
Veterinary Medicine and treated with subcu-
taneous and oral fluids, antibiotics (trimetho-
prim-sulfamethoxazole, 48 mg/kg every 12 h,
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orally, HiTech Pharmacal, Amityville, New
York, USA), a histamine H2 receptor antag-
onist (famotidine, 0.5 mg/kg, orally every 24
h, Pepcid Complete, Johnson & Johnson, New
Brunswick, New Jersey, USA) and probiotics
(PetAg Bene-Bac Plus, 1 g every 24 h, orally,
PetAg, Hampshire, Illinois, USA) for a pre-
sumed infection and gastrointestinal ulceration.
It was reintegrated into the colony a week later
but had additional health problems, includ-
ing two folding fractures treated with cal-
cium glubionate (50 mg/kg orally every 24 h,
Neo-Calglucon, Rugby Labs, Duluth, Georgia,
USA), exposure to natural sunlight, meloxicam
(2 mg/kg orally every 24 h, Metacam, Boeh-
ringer Ingelheim, Duluth, Georgia, USA), and
movement restriction.

An acute mortality event occurred in pen 1
on 7 May: one bird (60) was found dead in
the morning without evidence of external
trauma, and a second bird (55) was very
lethargic, isolated, prostrate, passing blood
from the nares and oral cavity, and died dur-
ing handling. A third bird (63) was found
lethargic that afternoon and died during sup-
portive care. An additional bird (74) became
lethargic that evening; received subcutaneous
fluids, vitamin K (2.5 mg/kg intramuscularly
every 24 h, Aquamephyton, Teligent Pharma,

Buena, New Jersey, USA) and milk thistle
extract (100 mg/kg orally every 12 h, Pet Well-
Being, Crestwood, Kentucky, USA) and made
a full recovery. At that point, birds in both
pens were 33–37 d old, in good body condi-
tion, and growing as expected (excluding 73).
We found bright green feces in pen 1 but not
in pen 2. Given the hemorrhagic presentation
of one bird and based on previous reports of
acute hypervitaminosis E in other aquatic
birds (Nichols et al. 1989), we provided vita-
min K (2.5 mg/kg orally twice daily for 2 d
then once daily for 5 d) to the remaining birds
in pen 1.
Necropsies conducted on the three birds that

died revealed similar lesions, principally copious
amounts of dark green to dark red mucoid
material in the lumen of the ventriculus, pro-
ventriculus and intestines, and multifocally and
irregularly reddened serosa of the small and
large intestines. From each bird, brain, tongue,
esophagus, trachea, lung, air sac, heart, spleen,
liver, kidney, adrenal, gonads, tongue, esopha-
gus, proventriculus, gizzard, pancreas, small
intestine, large intestine, skin, skeletal muscle,
and bursa of Fabricius were examined histologi-
cally. Histopathology findings and case diagnos-
tic interpretations are summarized in Table 2
and were consistent with widespread and severe

TABLE 1. Diet components and delivery methods for white ibis (Eudocimus albus) nestlings collected from
the wild to establish a captive colony for experimental purposes. The diet fed was designed in collaboration
with a nutritionist (L. Hoopes) and was modified from diets used at other captive facilities to rear ibis and
closely related wading birds. When a new diet was introduced, it was done in a stepwise fashion by replacing
no more than 25% of the diet with the new diet at each feeding.

Time from
collection Diet components Diet delivery

1–3 d Emeraidw piscivore diet Gavage feeding four times per day

3–7 d Mazuriw flamingo breeder pellet,a egg yolk,

water, salmon oil, vionate, calcium

carbonate, Thiamine-Ew pasteb and smelt

Syringe feeding four times per day

After 7 d Mazuri piscivore pellet, egg yolk, water,

salmon oil, vionate, calcium carbonate,

Vitamin E/thiamine pastec and smelt

Food consumed off of platters four times per day

aMazuri pellet, Mazuri Exotic Animal Nutrition, St. Louis, Missouri, USA.
b Thiamine-E paste, Mazuri Exotic Animal Nutrition, St. Louis, Missouri, USA.
c The commercially available vitamin E and thiamine paste became unavailable for a few days and a homemade replacement was made
with the same ingredients at the same proportions; however, it inadvertently resulted in a total dose 2.53 higher per bird than the com-
mercial paste.
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Macrorhabdus infection and associated ventric-
ular damage (Fig. 1), characterized by fragmen-
tation of koilin, separation, disruption, and
necrosis of epithelium, heterophilic inflamma-
tion, and ventricular hemorrhage with disrup-
tion of the koilin layer of the ventriculus by
large numbers of long yeast-like periodic acid
Schiff stain (PAS)-positive organisms that
ranged from 20 to 60 lm long and 1 to 5 lm
wide. Liver and spleen were submitted for bac-
terial isolation based on histopathology lesions
and the clinical history. Ibis 60 had a secondary
bacterial septicemia from which Vibrio sp. and
Salmonella enterica Group D were cultured,
and 55 and 63 had a suspected bacterial infec-
tion or endotoxemia, based on gross and histo-
pathologic examination (inflammation in 55 and
necrosis in 63), but culture of the liver (55, 63)
and spleen (63) yielded no growth. On 18 May,
bird 73 suffered another pathologic fracture
and was euthanized and necropsied. On histol-
ogy it also had severe, multifocally extensive
ventriculitis with intralesional Mo, which may
have caused chronic regurgitation, poor body
condition, and poor growth, and contributed to
its osteopenia (Table 2).
In the three birds that died acutely, Mo-

associated mucosal disruption probably pre-
cipitated sepsis and toxemia. As part of our
study, we monitored Salmonella sp. shedding
weekly in all birds. Its prevalence peaked at
86% (Day 3 postcollection), and averaged 67%
until Week 5, but no birds ever exhibited clin-
ical signs of salmonellosis before or after this
event. Our work with Salmonella spp. in free-
living nestlings demonstrates that shedding
birds, even nestlings, do not exhibit clinical
disease (Christie 2021). Although we did not
observe gross or histopathologic lesions con-
sistent with hypervitaminosis E, liver vitamin
E levels in the birds that died were higher
(252–455 lg/g dry weight liver, Michigan State
University Veterinary Diagnostic Laboratory
(MSU VDL, Lansing, Michigan, USA) than
those reported in chickens (45–120 lg/g, MSU
VDL) and similar to liver levels of pink-backed
pelicans (Pelecanus rufescens) that died of
acute vitamin E toxicosis (244–500 lg/g; Nich-
ols et al. 1989; S€under et al. 1999). Serum
vitamin E levels for the surviving 20 ibis

nestlings appeared elevated (15.34–37.13 lg/mL),
yet they remained healthy, which may mean
that accepted normal liver and serum vita-
min E levels of other species may not be
appropriate for ibis.
To confirm the identity of the histologically

documented yeast, we tested scrolls of forma-
lin-fixed paraffin-embedded proventriculus
from the three birds that died for Mo using
next-generation sequencing (see Supplemen-
tary Materials). The contigs from the three
ibis contained four sequences from the ribo-
somal RNA gene regions. Partial 18S, 5.8S,
and 26S rRNA gene and internal transcribed
spacer region 1 (ITS1) sequences were 97.2–
100% similar to Mo sequences from several
hosts (Supplemental File 2). Phylogenetic
analysis of a 600–base pair (bp) 18S rRNA
sequence fragment confirmed the close rela-
tionship of Mo from the ibis with Mo recov-
ered from other birds (Fig. 2). We submitted
sequences derived during this study to GenBank
(accession numbers OP481209, OP481210, and
OP497965).
Macrorhabdus ornithogaster (Mo) is an ana-

morphic Ascomycetes yeast that grows at the
proventricular–ventricular junction in numer-
ous bird species (Tomaszewski et al. 2003).
The yeast is typically reported in psittacines
but also causes clinical disease in passerines
and galliformes (Phalen 2014). Manifestations
range from no clinical signs to sudden death
or vomiting, diarrhea, chronic weight loss,
and signs of gastric ulceration (blood loss and
anemia). In budgerigars, the typical syndrome
is characterized by chronic weight loss, vomit-
ing, and diarrhea, but an acute hemorrhagic
event has been reported in parrotlets (Phalen
2014). Presumptive diagnosis is through his-
tory, clinical signs, and microscopic examina-
tion of feces with confirmation based on
histologic examination or polymerase chain
reaction (PCR).
Following the mortality event, we examined

fresh feces from birds in the affected pen,
and all birds were shedding organisms with
morphologic characteristics described for Mo.
Thus, we treated all birds in both pens with
amphotericin B at 25 mg/kg (Diamondback
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Drugs, Scottsdale, Arizona, USA) orally twice
daily for 2 d, then once daily for 30 d. No
further morbidity or mortality occurred. On
20 November 2017, captive experimental
work was completed, and the remaining 20
ibis were euthanized. To understand the
progression of ventriculitis, we performed
histologic examination of the proventriculus
and ventriculus from seven birds (repre-
senting both pens), which revealed mild to
moderate lymphoplasmacytic proventriculi-
tis that may be consistent with previous Mo
infection, but Mo were no longer visualized
with Gram stain. All birds were in excellent
body condition, had grown according to
expectations, and were clinically healthy at
euthanasia.

To understand the source and significance
of Mo for free-living ibis better, we collected
fecal samples in July 2017 from 91 apparently
healthy, adult, free-living ibis in the region
where our captive nestlings were collected.
We microscopically observed organisms con-
sistent with Mo morphology in 65 (71%) ibis.
This is consistent with reports that document
a high prevalence of infected adult birds

without clinical disease, yet species-specific
differences have been reported (e.g., disease
has been described in young ostriches; Phalen
2010; Piasecki et al. 2012).
Although it is currently accepted that the

detection of Mo without associated pathologic
lesions may be clinically irrelevant, both spe-
cies-specific susceptibility and predisposing
factors are probably important and have not
been fully investigated (Phalen 2010). In this
mortality event, we hypothesize that an over-
growth of Mo, possibly because of stress or
another immunosuppressive event, caused dis-
ruption of the ventricular koilin and direct
damage to the ventricular epithelium (visible
histologically). Because the ventriculus func-
tions as a critical barrier to prevent entry of
pathogenic bacteria (Rodrigues and Choct
2018), Mo-induced disruption of the ventricu-
lar mucosa probably facilitated systemic bacte-
rial infection. Additional factors including
captivity stress, hypervitaminosis E, dysbiosis
as influenced by diet, or other unknown factors
may have initiated the development of disease.
Because of a temporary lack of commercially
available vitamin E and thiamine paste (Thia-
min-E paste; Mazuri Exotic Animal Nutrition,
St. Louis, Missouri, USA), birds had received a
homemade supplement that provided 2.5
times the recommended dose of vitamin E
daily for 7 d prior to the mortality event.
Although this did not result in clinical or histo-
pathologic signs of hypervitaminosis E, it may
have played a role in this event.
This mortality illustrates that that Mo colo-

nizes young white ibis and, at least under
captive conditions, can be a factor in morbid-
ity and mortality in ibis. Future studies to
identify Mo from young birds may elucidate
further details about its importance to free-
living ibis health, although, because of rook-
ery inaccessibility, the causes of ibis nestling
mortalities are often difficult to document.
Finally, Mo should be considered in free-liv-
ing birds when sudden death, and bright
green feces is noted, especially in young
birds, or in captive birds with a clinical his-
tory of enteric disease or poor growth.
We thank Dr. David Phalen for his techni-

cal assistance at the onset of this investigation.

FIGURE 1. Section of ventriculus (koilin layer and
epithelium) 23 (scale bar 500 lm) with koilin disrup-
tion, necrosis, inflammation, and hemorrhage, with
invasion of Macrorhabdus ornithogaster; inset at 403
(scale bar 25 lm) showing a more detailed view of
the Macrorhabdus ornithogaster (periodic acid–Schiff
stain) disrupting the koilin.
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