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In June, 1965, a crab-eating raccoon, Procyon cancrivorus panamensis
(Goldman), was puschased at Gorgas Memorial Laboratory from an itinerant
vendor. The animal was an adult male, said to have been caught near the town
of Pacora, east of Panama City, on the Pacific side of the Isthmus. The animal
seemed to be in excellent health and no hematozoa were seen in thin blood smears
taken from one ear at the time of acquisition. In line with the purpose for which
it was obtained, the raccoon was employed in an experiment to test the infectivity
of a strain of mouse-adapted Besnoitia, involving the intraperitoneal inoculation
of large numbers of these organisms. After 3 mecnths of caged isolation duting
which no clinical signs of disease were noted, the raccoon was killed. Thin smears
of heart blood were prepared, and pieces of hea:t, lung, spleen and liver were
fixed in Zenker's fluid and sections were cut and stained in periodic-acid-Schiff
stain (PAS) and hematoxylin-eosin. No Besnoitiz stages were found in any of
the sections examined, but in some sections prepared from two different blocks
of myocardium, there were seen small, thin-walled cysts eventually identified as
hemogregarine schizonts. A subsequent re-examination of the blood smears taken
from tbis animal at the time of autopsy revealed 2 sparse number of hemo-
gregarines in the monocytes.

The hemogregarines of mammals have been placed by WENYON (28) in
the single genus Hepatozoon. RICHARDS (24) described H. procyonis from a
raccoon, Procyon lotor, in southwestern Georgia. The present parasite agrees close-
ly with Richards’ description and undoubtedly represents the second recorded
finding of H. procyonis.

% Gorgas Memorial Laboratory, Panami, R. P. Present address: Research Division,
Parke Davis & Co., 2800 Plymouth Road, Ann Arbor, Michigan 48106, U.S.A.
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With regard to mammalian hemogregarines, DARLING (4) reported the
presence of Hepatozoon muris in Norway rats from Panama City; but to my
knowledge there is no previous report from Panama of a hemogregarine from
the raccoon or any other carnivore. The present paper descsibes the parasites found
in the crab.eating raccoon and supplements the original species description with
some additional data and figures. The parasite is also discussed in relation to
hemogregarines of mammals in general and other carnivores in particular, Data
on the sporogonic cycle are not available.

DESCRIPTION OF THE PARASITE

THE SCHIZONT. Schizonts were found only in myocardium. None was seen in liver,
lung, or spleen, and bone marrow was not examined. In myocardium the parasites were
spatse; hovsever, a number of different developmental stages was found, ranging from what
is apparently a very young schizont (Fig. 1) to mature schizocysts from which merozoites
appear to have escaped (Figs. 6.7). The cystic nature of these schizonts was indicated
by the thum, limiting membrane (Figs. 2, 4, 6), which was never thicker than 1.5 microns
and generally thinner. A distinction between large schizonts with small merozoites and
small schizonts with large merozoites, such as reported by WENYON (27) for H. cawis,
was not noted in the present material. Schizonts appeared oval or circular in section, de-
pending on the plane of the cut. Measucements may be summarized as follows: Length
of schizonts (7 measured): 40.3 microns (range: 24.9 - 52.0). Width of schizonts (15
measured, including 8 seen in cross section only): 27.1 microns (range: 18.0 . 38.8).

The mature schizont, or schizocyst, was characterized by the presence of a large
central body surrounded by individual merozoites (Fig. 5). The central, or residual, body
was composed of discrete granules, about 1.5 microns in diameter, which took an intense
magenta color with PAS stain and appeared to be composed of glycogen. In the structures
thought to represent earlier schizonts the glycogen granules were generally interspersed
with the developing merozoites; these stages were morular in appearance and details could -
not be made out because of the uniformly dark color. On occasion, however, the contents
were scattered by the knife, and individual elements could be seen (Fig. 3).

Mature merozoites contained compact nuclei as well as discrete granules of chro-
matin scattered through the cytoplasm (Fig. 5). In three instances, the entire merozoite
was found lying in the same focal plane; it was then seen to possess a filiform extension
of one end (Fig. 7, 8a, 8b). Tbe lengths of the three merozoites were 7.7, 8.4, and 10.0
microns.

The number of merozoites in a mature schizont could not easily be determined
from the sections, but it was estimated that the number was greater than 100.

PaTHOLOGY. Sections of 5 different blocks of tissues cut from different sites on the
heart were examined. All sections revealed an active myocarditis of the focal type. Although
the lesions were seen in all sections, cysts of Hepatozoon were found in only 2 of the
blocks, often in close association with pockets of iafiltrating leucocytes containing gameto-
cytes (Fig. 9). .

THE GAMETOCYTE. The search for these stages was pressed after the nature of the
tissue schizonts was recognized. The gametocytes were spatse, only 20 being found after
considerable search of several thin snoiears. Gametocytes were found only in the monocytes;
none was seen in neutrophils, eosinophils or lymphocytes. Infected monocytes were found
only in the leading edge of the smear, where heavier formed elements in the blood tend to
collect.

The gametocyte was usually in contact with the host cell nucleus (Figs. 10, 17, 20)
or rather deeply embedded in it (Figs. 13, 15, 16, 21) but an occasional example did not
show this (Fig. 19). The parasite did not appear to be kasyolytic and host cell nuclei seemed
undamaged. Parasitized monocytes seemed to be no larger than uninfected ones.
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The gametocytes possessed a distinct capsule, somewhat longer than the vermicule
inside and with the free, or unoccupied, portion turned over on itself or twisted to form
a terminal flap. RICHARDS (24) called it a recurved "tail”. In many cases, this flap con-
tained 3 to 8 highly refractile granules which, with Giemsa, stained a dark magenta color,
similar to that of the host cell nucleus. This “flap” is seen in Figures 10-16, 18, 19, 21,
but is best shown in Figure 18. RICHARDS (24) pictured only a single granule in the free
flap of each of his two figures of gametocytes. If more material eventually becomes avail-
able, this feature may prove to be somewhat variable; granules were not always visible in
the present slides. (Fig. 14). But, when present, such granules give a very distinctive ap-
pearance to the parasite.

Gzmetocytes were not ‘“tailed” or doubled upon themselves to form a *“U” inside
the capsule, but lay in it in the form of a cylindrical or ovate body which did not comi
pletely fill it. One end of the gametocytes was often occupied by a clear space or vacuole,
which gave a truncated appearance to the gametocyte (Figs. 11, 12, 14, 19). The measure-
ments of 20 gametocytes, given in microns, were as follows: Length of capsule, not includ-
ing free flap: 8.2 (range: 7.5 - 8.7). Length of capsule plus flap (9 measured): 11.7
(range: 10.0 - 12.5). Width of capsule: 3.7 (range: 2.9 . 4.2). Length of vermicule: 5.5
(range: 4.6 - 6.6) Width of vermicule: 2.5 (range: 2.1 - 2.9). Length of nucleus (14
measured): 3.5 (range: 2.9 - 4.6). Width of nucleus (14 measured): 2.3 (range: 1.7 - 2.9).

The cytoplasm of the gametocyte was colored a faint sky-blue with Giemsa and
the nucleus, when seen, was magenta. In some, the nucleus did not stain, although the
cytoplasm could be distinguished (Figs. 13, 15-17), suggesting that the capsule was not
impermeable but that the nucleus in these cases was either absent or possessed different
staining characteristics from those of gametocytes in which it was clearly seen. It is pos-
sible that this difference indicates a sexual dimorphism; however, other investigators have
reported that sexual differences in leucocyte-inhabiting hemogregarines are not seen (10,
12, 16). The well-stained nucleus appeared to be compact (Fig. 12), or granular (Fig.
11) or both (Figs. 18, 19, 21). Dispersed granules of chromatin were not seen in the cyto-
plasm of the gametocytes.

The nucleus was judged to be in a terminal position in S examples, subterminal in
3 and central in 6. No nucleus could be seen in 6 of the gametocytes.

DISCUSSION

The known mammalian hemogregarines do not form a large group. They
have been reported from marsupials, rodents, and carnivores. MACKERRAS (14)
states that they further fall into two groups, (i) those which are found in circulat-
ing leucocytes, and (ii) those found in erythrocytes. The present parasite, like
those previously described from carnivores, falls in the first group.

Hemogregarines have been described from the following carnivores, re-
presenting the families Canidae, Felidae, Hyaenidae, Viverridae, and Procyonidae:
domestic dog (2, 7, 11, 15, 27), jackal (17, 19), fox (23), hyena (12), do-
mestic cat (18), lion (1), leopard, genet cat (1, 8), palm civet (11), and rac-
coon (24).

The carnivore hemogregarines fall readily into two geographic groups. i)
Those reported from Asia, Africa, and southern Europe can all be referred to
H. canis on the basis of morphology and life cycle, where known (13). Accord-
ing to KRAMPITZ (9), H. canis has never been reported from the Western Hemi-
sphere. ii) The only carnivore hemogregarine thus far known from the Amer-
icas (southwestern Georgia and Panama) is H. procyonis. It differs in certain
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notable respects from H. canis and is not likely to be synonymized with it. The dif-
ferences are as follows:

1) The free “flap” of the gametocyte capsule, with its beaded appear-
ance, is an unusual feature which has not been described from any other species
of Hepatozoon. (Parenthetically, it may be pointed out that RICHARDs (24)
found 2 of 6 fox squirrels (Scinrus niger) to be infected with Hepatozoon. This
parasite was not identified specifically but was stated to be morphologically dif-
ferent from Hepatozoon griseisciuri Clark, 1958. In one of Richards’ figures,
the gametocyte is shown with a recurved end, although this feature was stated to
be rare in his material. The squirrels and raccoons included in Richards’ col-
lection all came from the same locality and it is not impossible that the same
parasite was represented in both hosts. On the other hand, his squirrel gameto-
cytes were noticeably larger than the equivalent raccoon stages. In addition, the
magenta-staining granules lining the flap of the capsule were not reported or
figured for the squirrel gametocytes).

2) Circulating hemogregarines of a given species show a partiality for
certain host cell types and are rarely found parasitizing any but these types. Thus,
H. canis is seen in nectrophils (2, 27), whereas the rodent.parasitizing forms
which utilize leucocytes are almost invariably found in monocytes (3, 16, 20).
The equivalent stages in marsupial hosts seem to be limited to erythrocytes (14,
26). In this regard, H. procyonis, which is found in monocytes, bears a closer re-
semblance to the cosmopolitan rodent forms than to H. canis.

3) Heart muscle has been reported as a site for schizogony only in the
case of H. procyonis (24, and the present paper). In H. canis tbe developmental
stages of the asexual cycle occur in spleen and bone marrow (2, 27) or liver
(22). The rodent schizonts have been found in bone marrow (20) and spleen
(3, 25). In marsupials, schizonts were found in pancreas® (26).

In addition to these characteristiccs of H. piocyonis, some attention should
be given to the “vermicular” merozoites which are pictured in Figures 7, 8a and
8b. Merozoites of this shape have not previously been reported for hemo-
gregarines, although some species are known to adopt a vermicular appearance
as gametocytes. It is entirely possible that the merozoites of many hemo-
gregarines adopt such a shape just before leaving the schizocyst and entering
blood cells. If this is true, the “tailed” merozoites seen in H. procyoriis may
prove to be characteristic of the whole group. Until this is demonstrated, how-
ever, the presence of “‘tailed” or vermicular merozoites in mature schizonts may
be added to the distinguishing characteristics of H. procyonis.

The hemogregarines of rodents and marsupials are not known to cause
disease, but a febrile condition of Old World dogs, associated with H. canis
infection and characterized by progressive emaciation, anemia and other signs,
has been reported by Rao (22), RamIMUDDIN (21), and EL Hinbawy (5).

1. Preliminary reports of the discovery of Hepazozoon gametocytes in circulating
lymphoid cells and schizonts in cardiac muscle of leopards and genet cats in
Kenya and Zambia {1, 8) still await confirmation.
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With regard to infection with H. procyonis, clinical disease has not been report-
ed. RICHARDs (24) found no evidence that the host was harmed at all -by this
hemogregarine. But in the present material, definite microscopic pathology was
noted. The inflammation, focal in nature, was probably associated with the
presence of schizocysts. The lesions included pockets of infiltrating white cells
which showed many cells containing hemogregarines. A similar lesion was pic-
tured by RICHARDS (24). It is interesting to speculate, from this, that the infec-
tion of monocytes may be an entirely passive process on the part of the parasite:
thus, merozoites, upon leaving the mature schizocysts, may attract monocytes,
be ingested by them and so eventually, get into the circulation.

There is a disparity between the measurements of stages of H. procyonis
recorded by RICHARDs (24) from Procyon lotor and those presented here from
P. cancrivorys. The gemetocytes in Richards’ material are only slightly larger;
the capsules (without “tail”) from P. /otor measured 10.9 X 5.4 microns, while
those from cancrivorus were 8.2 X 3.7 microns. But the schizonts in fotor were
almost twice the size of those in cancréivorus; S0 X 80 microns as opposed to 27
> 40 microns. The reason for this is not apparent. The difference may be due
to the fact that two species of host are involved and may react somewhat dif-
ferently to the parasite. Or the difference may be individual. More material
would be needed to clarify this point.

Raccoons are widely distributed in the Americas and the ranges of the
two known species overlap in Panama. Thus, Procyon lotor occurs from south-
ern Canada to Panamé while P. cancrivorus is found from Costa Rica and Panama
as far as southern Brazil (6). Considering this range and overlap, it is thought
that the distribution of the raccoon hemogregarine may prove to be continuous,
limited only by the availability of its unknown vector. Thus, a careful search
may eventually reveal the parasite in raccoons from other localities in Central
America, Mexico, and southern United States.
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SUMMARY

Hepatozoon procyonis Richards, 1961, (Coccidia, Adeleina) has been
found in a Panamanian crab-eating raccoon, Procyorz cancrivorus panamensis
(Goldman), a new host species record and the first report of a hemogregarine
from a Panamanian carnivore. The schizonts, in myocardium, and the gameto-
cytes, in monocytes, are described.

The following points were not included in Richards’ original description:
(1) The elongated, free “flap” of the gametocyte capsule contained 3 to 8 re-
fractile granules which stained magenta with Giemsa. (2) The schizonts were
assoctated with an active, focal myocarditis. (3) The merozoites within mature
schizonts were “tailed”.
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RESUMEN

Hepatozoon procyonis Richards, 1961, (Coccidia, Adeleina) se encontrd

por primera vez en un gato manglatero panamefio, Procyon cancrivorxs pan-
emensis (Goldman), constituyendo asf la primera vez que se describe una hemo-
gregarina en un mamifero carnivoro en Panami. Se pudo observar los esqui-
zontes en el miocardio y los gametocitos en monocitos del huésped.

A continuacién se hace referencia a unos puntos que Richards no incluy

en su descripcién original: (1) La parte libre elongada de-1a cipsula del gameto-
cito contiene de 3 a2 8 grinulos refrictiles, que se tifien de color pirpura rojizo
con Giemsa. (2) los esquizontes fueron vistos asociadus con una miocarditis
focal activa. (3) Los merozoitos dentro de los esquizontes adultos se notan con
prolongaciones terminales que dan ta apariencia de un rabo.
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Figures 1-6. Stages in the schizogony of Hepatozoon from mio-
cardium of Procyon cancrivorns. Periodic-acid-Schiff.
X 1300.

Figute 1, Very young schizont.
Figure 2. Young schizont. Note limiting membrane.

Figure 3. Typical schizont, showing discrete developing mero-
zoites mixed with and almost indistinguishable from
glycogen granules.

Figure 4. Maturing schizont, showing residual mass in center
and peripheral developing merozoites.

Figure 5. Mature schizont. PAS-positive granules can be seen
in individual merozoites.

Figure 6. Mature schizont from which some merozoites have
escaped.
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Figure 7. Mature schizont in myocardium of Procyon cancri-
vorus. Arrow points to a mature merozoite lying
entirely in one focal plane. Periodic-acid-Schiff. x
1700.

Figures 8a, 8b. Two different focal planes of the same cyst in
myocardium ‘of P. cancrivorus. Arrows point to
two merozoites with body and tail almost lying
in the same focal plane. Periodic-acid-Schiff.
X 1300.

Figure 9. Myocardium of P. cancrivosus showing focal inyo-
carditis. Note Hepatozoon cyst close to the large
pocket of leucocytes, many of which contain gameto-
cytes. Periodic-acid-Schiff. x 132.
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Figures 10-21. Various views of EHepatozoon gametocytes 1n
thin heart-blood smears from P. cancrivorus,
Giemsa. X 1700,
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