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Chlamydial and Poxvirus Infections of Circulating

Monocytes of a Flap-necked Chameleon

(Chamaeleo dilepis)

Elliott R. Jacobson’ and Sam. R. Telford,2 1 Department of Small Animal Clinical Sciences, College of Veterinary
Medicine, Box J�126, Health Sciences Center, University of Rorida, Gainesville, Rorida 32610, USA; 2 Rorida Museum
of Natural History, University of Florida, Gainesville, Rorida 32610, USA

ABSTRACT: Of blood films examined from 170
specimens of 15 Chamaeleo Spp. in Tanzania,
three C. dilepis had an intracytoplasmic inclu-
sion within monocytes. One of the lizards was
maintained in captivity and was sequentially
bled over a 55 day period. At 46 days, a second
type of inclusion was occasionally seen within
rnonocvtes. The lizard became ill and was eu-
thanatized on day 55. All circulating monocytes
were found to have either one or both types of
inclusions. Histologic exam ination of multiple
tissues demonstrated similar inclusions within
macrophages in the spleen and liver. Transmis-

sion electron microscopic examination of
monocytes revealed the presence of a chlamyd-
ia-like organism and pox-like virus. These
pathogens have not been reported previously in
chameleons, nor has a combined infection of
circulating monocytes with these two pathogens

been reported for any animal.

Key words: Chiamydia sp. , poxvirus, infec-

tion, monocvtes, chameleon, Chanzaeleo due-
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Chlamydiae (Storz, 1971) and poxvinus-

es (Andrewes et al. , 1978) infect many binds

and mammals. Although Chiamydia

pneumoniae has only been isolated from

humans (Gravston et al. , 1989) and Chla-

mydia trachomatis is isolated only from

humans and rodents (N’Ioulder, 1984),

Chiamydia psittaci has one of the largest

host ranges of any pathogen. It is the caus-

ative agent of psittacosis of birds and man,

and recently Newcomer et a!. (1982) found

that it was responsible for mortality in lab-

oratory reared African clawed frogs (Xen-

opus laevis). In reptiles, a Chiamydia sp.

has only been reported by Jacobson et a!.

(1989) in puff adders (Bitis arietans).

Compared to C. psittaci, the various

strains of poxvirus are considerably more

host specific. While poxvirus infections

have been reported for captive reptiles (Ja-

cobson et al., 1979; Foggin, 1988; Homer,

1988), nothing is known about this virus

in wild populations. Herein, we describe

a unique dual infection in a flap-necked

chameleon (Chamaeleo dilepis) with pox-

virus and chlamydial infection.

Over a 4 yr period, 170 representatives

of 15 Chamaeleo spp. from Tanzania were

collected by one of us (S.R.T.) and ex-

amined for hemoparasites. Multiple smears

were made of blood collected from clipped

toe-nails and were stained either by the

Giemsa or May-Grunwald Giemsa meth-

ods (Garnham, 1966). By light microscopy,

three of 50 C. dilepis from the vicinity of

Morogoro, at the north slope of the Ulu-

guru Mountains in south central Tanzania

(6#{176}51’S,37#{176}38’E) were found to have in-

tnaleucocytic inclusions (IN 1). Inclusions

stained lightly eosinophilic, had a lacy ap-

pearance, and often contained a blue-green

staining body. Inclusions were intracyto-

tO
#{149},1

FIGURE 1. Photomicrograph of circulating mono-

cyte of Chamaeleo dilepis. In addition to the host

cell nucleus (N), two distinct inclusions (IN1 and 1N2)
can be seen. Giemsa stain. Bar = 10 �m.
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FIGURE 2. Electron photomicrograph of circulating monocyte of Chamaeleo dilepis. IN1 is membrane

bound and is composed of numerous viral particles. The vacuole membrane of lN2 has ruptured, with

organisms free in the cytoplasm. Bar = 1 tim.

plasmic and most infected cells were

monocytes. On the day of capture, � 13%

of circulating white blood cells were

monocytes and s96% of monocytes con-

tained IN1. In one lizard, IN! was seen

also in circulating thnombocytes and lym-

phocytes.

One of the three infected C. dilepis was

maintained in captivity and was sequen-

tially bled over aSS day period. At 46 days

following capture, a second type of intra-

cytoplasmic inclusion (1N2) was seen in

circulating monocytes, either alone (1%)

or in combination (1%) with IN1 (Fig. 1).

At 55 days the lizard was found moribund

and was euthanatized. At the time of death,
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FIGURE 3. Electron photomicrograph of circulating monocyte of Chamaeleo dilepis. Mature poxvirus

particles are seen within IN1. Features of the group include a dumbbell-shaped nucleoid (n) and lateral

bodies (1). Virions partially surrounded by inclusion membranes can be seen (arrows). Bar = 400 nm.

36% of circulating cells were monocytes,

of which 88% contained IN1 alone, 11%

contained both inclusions, and 1% had IN2

alone. Although packed cell volumes were

not determined for estimating white blood

cell counts, the relative proportion of

monocytes to other leucocytes and red

blood cells had increased over the period

of sampling and the lizard was considered

to have a relative and absolute monocy-

temia at death. Blood and tissues from all

major organ systems were collected and

fixed in a buffered 4% fonma!in/1% glu-

taraldehyde mixture for light and electron

microscopy.

Light microscopy revealed IN1 and IN2

within macrophages in the liven and spleen.

Transmission electron microscopy of in-

fected monocytes revealed both types of

inclusions (Fig. 2). IN1 was membrane-

bound and was composed of a uniform

population of 340 to 390 nm by 210 to 235

nm oval-shaped vinions containing dumb-

bell-shaped nucleoids and lateral bodies
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(Fig. 3) typical of poxvinus (Dales and Pogo,

1981). IN2 was composed of p!eomorphic

bodies compatible with the three stages of

ch!amydiae (Moulden, 1984): (1) large oval,

800 to 900 nm reticulate bodies; (2) con-

tracted 440 to 680 nm intermediate bodies

containing an electron-dense center; and

(3) small, round, dense 400 to 440 nm el-

ementary bodies (Fig. 4). In most cells the

membrane surrounding the Chlamydia sp.

had ruptured, so that the organisms were

free in the cytoplasm. Unfortunately, tis-

sues were unavailable for chlamydial iso-

lation and specific identification was not

made.

IN! was similar in appearance to inclu-

sions described for Charnaeleo lateralis

from Madagascar (Brygoo, 1963). Al-

though these were considered to be viral

inclusions, ultrastructunal studies were not

done. While transmission was accom-

plished with oral and mntrapenitoneal in-

oculations of infected white blood cells to

naive C. lateralis, attempts to infect other

species of chameleons were unsuccessful.

Poxviral inclusions within circulating

white blood cells have not previously been

reported for any animal. In the chame-

!eons, inclusions were seen primarily in

monocytes with one of the three lizards

having relatively few inclusions in throm-

bocytes and lymphocytes. In vitro studies
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have shown that there are differences in

the susceptibility of human blood cell lines

to vaccinia poxvirus (Pogo et a!., 1988).

While HL� cells (derived from peripheral

blood leukocytes of a patient with acute

promyelocytic leukemia) infected with

vaccinia virus showed a decrease in virus

infectivity with time, cells induced to be-

come macrophages with TPA (12-0-tetra-

decanoylphorbol-13-acetate) resulted in an

increase in viral DNA synthesis. It is un-

known whether these differences in cell

susceptibility are because of presence of

endogenous chemical inhibitors of viral

replication or lack of a host factor essential

for replication.

In the chameleon, the poxvirus inclu-

sions were membrane bound and in this

regard were different from inclusions of

other poxvmral infections of vertebrates and

invertebrates. Within inclusions, blue-

green staining bodies seen by light

microscopy were found by electron mi-

croscopy to be composed of a uniformly

radiodense material. Vacuo!es containing

mature poxvirus surrounded this material

and the material was consistently devoid

of vinions.

Peculiar to the maturation process of the

poxvirus within monocytes of the cha-

meleon, particles which initially formed

in the cytoplasm adjacent to the inclusions

acquired another envelope by moving

through the membrane surrounding the

inclusion. While the poxvirus inclusions in

the chameleon showed some similarities to

A-type inclusions seen in cowpox, ectro-

melia, fowl pox and insect poxvirus infec-

tions (Dales and Pogo, 1981), A-type in-

clusions are not membrane bound.

What is most intriguing about the coin-

fection of monocytes of C. dilepis with

Chlamydia sp. and poxvirus was the in-

tensity of the infection. At the time of

death, the lizard exhibited a monocytemia

with all monocytes infected with one or

both pathogens. This massive infection

probably contributed to the moribund

condition of the lizard. As with poxviral

inclusions, chlamydial inclusions have not

been reported to occur in circulating white

blood cells of any animal and are seldom

appreciated in hematoxylin and eosin

stained tissue sections in mammals and

birds. In Xenopus laevis (Newcomer et al.,

1982) and C. dilepis, inclusions were seen

in impressive numbers in the liver and

spleen. At least on a light microscopic level

these organisms appear to replicate to a

much greater degree in their poikilother-

mic hosts than in mammals and birds.

Whether this is due to strain differences

or immunologic differences between rep-

tiles and amphibians and higher verte-

brates needs to be elucidated. Chameleons

may serve as an interesting model to study

infection of circulating blood cells with

these two pathogens, and since the body
temperatures of these animals can be en-

vironmentally manipulated, to allow in

vivo developmental studies unavailable in

higher vertebrates.

This paper is published as University of

Florida, College of Veterinary Medicine

Journal Series Number 187.
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