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Chlamydia infections cause disease in
humans, birds, and mammals. Of the four
currently recognized Chlamydia species,
C. psittaci is the most important animal
pathogen. Psittacosis, which can manifest as
severe enteric and respiratory illness in many
avian species, is highly contagious and can be
transmitted to humans and many other
mammals (1). C. pecorum, the newest species to
be recognized, appears to have a highly restricted
host range. Infections due to C. pecorum have been
associated with sporadic encephalitis, polyarthri-
tis, pneumonia, and conjunctivitis in pigs, sheep,
cattle, and koalas (2,3). C. trachomatis, an agent
responsible for millions of cases of ocular and
urogenital infections worldwide, causes most
chlamydial infections in humans. C. pneumoniae,
an acute respiratory tract pathogen of cosmopoli-
tan distribution, may be linked with chronic
diseases such as coronary atherosclerosis and
multiple sclerosis (1,4,5).

Initial reports of infections due to
C. pneumoniae suggested that the organism’s
host range was limited to humans. Subsequently,
infections due to C. pneumoniae have been
documented in koalas, a horse, and most recently,
a giant barred frog (Mixophyes iteratus) from
Australia (6-8). We report an epizootic of

chlamydiosis due to C. pneumoniae in a
commercial colony of African clawed frogs
(Xenopus tropicalis).

In July 1998, a biologic supply company
located in the midwestern United States
imported 241 X. tropicalis from western Africa to
start a breeding colony. Upon arrival, the frogs
were placed in quarantine. Within 4 months, 220
(91%) of the frogs had died. Before death, most of
the frogs had sloughing of the skin and lethargy
and appeared bloated. Two frogs were submitted
to our veterinary diagnostic laboratory for
necropsy. On external examination, the frogs
were 5.5 cm and 5.2 cm from snout to vent and
weighed 6.5 gm and 29.5 gm, respectively. Both
frogs had roughening and early sloughing of the
posterior skin. The smaller frog had scattered
subserosal intestinal and hepatic nodules contain-
ing tetrathrydian cestodes. The larger frog was
extremely edematous, with clear gelatinous fluid in
the subcutaneous tissues and body cavities. In
hematoxylin- and eosin-stained 4-�m sections of
liver from the larger frog, there was moderate to
severe lymphohistiocytic hepatitis with indi-
vidual hepatocyte necrosis, fibrosis, and numer-
ous granular basophilic bodies resembling
bacteria within hepatocytes and histiocytes.
Transmission electron microscopy of liver tissue
from the larger frog confirmed the presence of
bacteria replicating within vacuoles of infected
cells. The organisms had a biphasic structure
consistent with a Chlamydia spp. (Figure). Other
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Figure. Transmission electron micrograph of chlamy-
dial particles in liver from a captive African clawed
frog (Xenopus tropicalis). Note the reticulate bodies
(R), intermediate bodies (I), and highly condensed
elementary bodies (E). Bar, 270 nm.

lesions present in both frogs included mild to
moderate lymphohistiocytic interstitial pneumo-
nia and mild lymphocytic interstitial nephritis.
No chlamydial inclusions were observed in other
organs by light microscopy. Both frogs had
multifocal epidermal hyperplasia with numerous
intracorneal fungal organisms characterized by
thick-walled sporangia containing multiple 2-�m
to 3-�m round spores. Many of the sporangia had
single tubular extensions (discharge papillae)
directed toward the skin surface, and transmis-
sion electron microscopy showed the spores had
flagella. These features were considered diagnostic
of a chytridiomycete fungus (9).

To further characterize the Chlamydia
species, liver samples were submitted for culture
from the larger frog and three additional frogs
obtained subsequently from the same breeding
colony. Tissue homogenates were injected into
shell-vials having monolayers of either buffalo
green monkey kidney (BGMK), Hep-2, McCoy, or
HeLa - 229 cells. Cultures were incubated at 35°C
for 72 hours and then the cell monolayers were
stained with a fluorescein-conjugated monoclonal
antibody specific for the genus Chlamydia
(Pathfinder, Kallestad, California). Chlamydia
grew from all four liver specimens and in all the
cell lines used. The organism grew better, with
more and larger inclusions, in the McCoy and
BGMK cell lines.

Chlamydia was identified by sequence
analysis of the 16S rDNA and major outer
membrane protein A (ompA) genes. Bacterial

DNA was extracted by lysis (Generations,
Gentra, Maryland) of liver and cell culture
specimens from each of the four frogs. The broad-
range eubacterial primers FD1(5'-AGAGTTTG
ATCCTGGCTCAG-3') and RD1(5'-AAGGAGGTG
ATCCAGCC-3') were used in a polymerase chain
reaction (PCR) to amplify a 1,520-bp segment of
the 16S rDNA gene (10); primers 20CHOMP
(5'-TTAGAGGTRAGWATGAARAA-3')  and
CHOMP371 (5'-TAGAAICKGAATTGIGCRTTI
AYGTGIGCIGC-3') were used to amplify a 1,200-
bp segment of the ompA gene (11). Agarose gel
electrophoresis of the PCR products yielded
single bands for each specimen. Amplified
products were column purified to remove
unincorporated primers and nucleotides, and
sense and antisense strands were sequenced by
using nested primers in an automated laser
fluorescent sequencer (ALF Express, Amersham
Pharmacia Biotech, New Jersey). Sequence
fragments were aligned with the assembly
software program DNAsis 2.5 (Hitachi, Califor-
nia), and ambiguities resolved. A contiguous
sequence was established from the overlapping
regions, which were used as a query sequence in
the GenBank database.

The 1,520-bp 16S rDNA sequences from the
Chlamydia infecting the four X. tropicalis
(GenBank-AF139200) were identical to one
another and had 99.1%, 99.3%, and 99.4%
homology with published sequences for
C. pneumoniae strains N16 (U68426.2), CWL026
(AE001668), and TW-183 (L06108), respectively.
In addition, there was 100% homology with the
235-bp segment of 16S rDNA reported for the
C. pneumoniae isolated recently from the giant
barred frog from Australia (AF102832). In
contrast, there was 96.0% sequence homology
with C. psittaci strain 6BC (U68447.2), 95.7%
homology with C. pecorum strain E58 (D88317.1),
and 93.8% homology with C. trachomatis strain
D/UW-3/CX (AE001345).

The sequence of a 279-bp segment of the
variable domain IV region of the ompA gene was
determined for one of the frog Chlamydia isolates
(AF184214). There were six nucleotide differ-
ences (97.8% homology) from the giant barred frog
biovar of C. pneumoniae (AF102830) and three
differences (98.9% homology) from C. pneumoniae
strain CWL029 (AE001652). Less than 75%
homology was observed with the ompA variable
domain IV sequences reported for the three other
Chlamydia species (results not shown).
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Previous reports of confirmed Chlamydia
infections among captive amphibians in North
America involved X. laevis, another member of
the African clawed frog family (12-14). These
reports occurred before the discovery and
molecular characterization of C. pneumoniae, and
the Chlamydia species involved were either not
known or presumed to be C. psittaci. Our study is
the second documented report of C. pneumoniae
involving an amphibian and the first describing
an epizootic in a captive population of X.
tropicalis.

The spectrum of clinical disease and
histopathologic lesions associated with chlamy-
dial infections in amphibians is unknown. In our
study, only two animals were evaluated
histologically. The more severely affected animal
had active hepatitis with hepatocyte necrosis,
lymphohistiocytic infiltrates, and inclusion bod-
ies within hepatocytes and sinusoidal histiocytes.
These lesions are similar to those observed in a
1984 outbreak of chlamydiosis among laboratory-
bred X. laevis; in that outbreak, hepatosplenom-
egaly and histologic evidence of active hepatitis
were the major pathologic findings in affected
animals (12). In the recent case of C. pneumoniae
involving a free-ranging giant barred frog, the
predominant necropsy findings were chronic
mononuclear pneumonia, nonregenerative ane-
mia, and pancytopenia (8). Additional studies
will be necessary to determine the epidemiology
and virulence of C. pneumoniae in captive and
free-ranging populations of amphibians and
reptiles, as well as the pathogenicity and
transmissibility of this agent to humans and
other mammals.

This breeding colony had >90% deaths during
the 4-month epizootic, and the few surviving frogs
appeared ill and were subsequently euthanized.
We were unable to determine the prevalence of C.
pneumoniae infection in the colony but believe
that it was very high, since all four frogs
submitted for culture were positive. The crowding
and stress associated with the captive environ-
ment may have contributed to spread of infection
within the colony. The potential for zoonotic
transmission of C. pneumoniae from amphibians
to humans has important public health
implications, especially in situations involving
frequent and prolonged human contact with
amphibians in crowded conditions, such as
commercial breeding colonies or zoos. Until more
is known about the host range of this pathogen,

chlamydiosis should at least be considered in the
differential diagnosis of an unexplained respira-
tory or febrile illness in persons exposed to
amphibians.

Whether Chlamydia was the primary
pathogen responsible for the die-off or served as a
cofactor with the chytrid fungus or other
parasites was difficult to determine. Although the
Chlamydia infection is the primary focus of this
report, the presence of cutaneous chytridiomyco-
sis in two of the frogs is also important. This
highly pathogenic zoosporic fungus has only been
found in the American and Australian continents,
where it has been implicated as a major factor in
amphibian deaths and population declines in the
rain forests (9). The origin of the chytrid fungus
found in our cases was not determined. However,
the rapid onset of illness affecting the frogs after
their arrival in the United States suggests that at
least some of the frogs may have been infected
before capture.

The pipid frog X. tropicalis has a diploid
genome and short generation time, which make it
an ideal model organism for multigenerational
genetic analysis. Current demand for this species
is higher than most biologic supply companies can
meet. Continued importation of X. tropicalis and
other amphibians from regions of the world
experiencing poorly understood population de-
clines raises concern about the inadvertent
spread of virulent pathogens to naive populations
of amphibians and reptiles, as well as
transmission of these agents to mammals. Until
more is known about the epidemiology and
prevention of these infections, caution must be
exercised in transportation, husbandry, and
human contact with these animals.
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