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Introduction

Anaplasmosis is a major disease of cattle in the United
States and is one of several tick-borne maladies that severly
hamper cattle production world-wide.1The causative agent,
Anaplasma marginale, is currently classified in the Family
Anaplasmataceae, Order Rickettsiales according to the 8th
Edition of Bergey’s Manual,2 but little is known about the
developmental cycle of the organism in either the inverte-
brate (tick) or vertebrate (cattle) hosts. Previous to studies in
our laboratory, the only form of A. marginale that had been
identified and described was the erythrocytic inclusion body
found in cattle with anaplasmosis.3 5 Although A.
marginale had been reported by earlier workers to be
transmitted by ticks,6 B it was not clearly established
whether the organisms observed in previous studies were
those ingested as part of the blood meal or were stages that
developed within tick cells.® D

The studies from our laboratory reviewed herein were
undertaken to demonstrate A. marginale in Dermacentor
andersoni and to describe its development from infection of
nymphal ticks through transmission of the organism to
cattle by subsequently molted adults. In these studies, A.
marginale has been found to occur within membrane-bound
inclusions that we have termed colonies. The colonies were
first described in midgut epithelial cells of adult D.
andersoni that were infected as nymphs.2L Since publication
of that finding, colonies have also been found in replete
nymphal ticks. The colonies at various stages of tick
development were found, by light microscopy, to have
different morphologic characteristics and to contain several
types of organisms—representing part of a developmental
sequence of the organism in the tick. This review of the
development of A. marginale in ticks will be presented
chronologically beginning from infection of nymphs (while
feeding on a calf with anaplasmosis) and continuing through
the time ticks molt to the adult stage.
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In the Gut of

Development of Anaplasma marginale in Dermacentor
andersoni feeding nymphs

Occurrence of colonies:—Nymphal ticks become infected
soon after beginning to feed on a calf with anaplasmosis.
Nymphs that fed for as little as 24 hours on an infected calf
and were then transferred to an uninfected calf to complete
feeding were able to transmit the disease as adults.2 When
tissues from nymphs collected on each of the 6 days of
feeding were examined by light and electron microscopy,
colonies of A. marginale were not observed.Z Furthermore,
no stages of A. marginale were seen with electron
microscopy either within the midgut lumen or within
epithelial cells of feeding nymphs. Gut contents of feeding
nymphs were difficult to evaluate with electron microscopy
because the midgut becomes filled with blood, obscuring
parasite morphology. Once concentrated by the tick, the
blood meal is very electron-dense. As a consequence, the
concentrated hemoglobin masks parasite structures in the
lumen of the tick’s gut to an even greater extent than it does
in intact, infected bovine erythrocytes.b

Replete nymphs—Colonies of A. marginale were
observed in midgut epithelial cells of replete nymphs
throughout development to the adult stage (approximately
20-30 days).B Two distinct morphologic types of colonies
were observed and categorized by light microscopy as
nymphal types land 2. Colonies that were morphologically
indistinct, with characteristics in common with both types,
were termed transitional nymphal (TsN) colonies. Nymphal
type 1 (Nyl) colonies were first observed at five days post-
repletion, and nymphal type 2 (Ny2) colonies were observed
at 20 days after feeding. The first evidence of colony
formation (5 days post-repletion) appeared more or less
concurrently with the rapid formation of midgut epithelial
cells and digestion of the blood meal. At completion of
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feeding, the nymphal tick midgut was essentially a tubular
structure filled with concentrated blood; the gut was
composed of only a very thin layer of epithelial cells. In
contrast, at 5 days post repletion the midgut lumen was not
evident and the gut was filled with epithelial cells that had
taken up most of the blood-meal. Therefore, the formation
of colonies appeared to have been concurrent with rapid
digestion of the blood meal by the tick and attendant cellular
proliferation.

When representatives of the 3 nymphal colony types were
examined by electron microscopy, organisms of different
morphologic types were observed within the colonies. Nyl
colonies contained small particles and large reticulated
forms that were round and some of which appeared to be
dividing by binary fission. Ny2 colonies also contained
reticulated organisms but they were rod-like in shape, and
there was no morphologic evidence of binary fission.
Organisms within Ny2 colonies appeared to be surrounded
by two double-layered membranes. Electron-dense forms,
commonly observed in adult ticks, were not seen in any of
the 3 colony types (Nyl, Ny2 or TsN) found in nymphal ticks.

Occurrence of Inclusion Appendages—Anaplasmal
organisms and the associated inclusion appendages similar
to those observed in bovine erythrocytes could be seen in
replete nymphs. 24 At 5 days post-repletion, much of the
hemoglobin has been removed from the lumen by the
digestive action of tick gut cells, thus unmasking the
parasite. Initial bodies similar to those generally found in
bovine erythrocytes were observed in the lumen, but most of
them appeared to be degenerating; they were not observed-
within gut cells. On the other hand, the morphology of
inclusion appendages was quite similar to that described for
inclusion appendages associated with the marginal bodies in
bovine erythrocytes. Some appendages were free in the
lumen of the midgut and occurred either alone or with
clusters of small vesicular particles. Frequently inclusion
appendages were observed attached to the luminal surface of
midgut cells by a blunt, electron-dense attachment complex.
The appendage attachment complex appeared to be
extracellular and the pointed end of the appendage extended
into the gut lumen. Small particles were often observed
immediately across the host cell membrane from where the
appendages were attached; the small particles appeared to be
generated from the appendage itself and to have passed
through the membrane of the midgut cells. The possible role
of the inclusion appendage and of small particles in the
infection of tick midgut cells was suggested; further research
is needed to substantiate this hypothesis.2

Development of Anaplasma marginale in Adult
Dermacentor andersoni that were Infected as Nymphs

Initial studies in our laboratory demonstrated that adult
ticks, infected as nymphs, readily transmitted A. marginale
to susceptible cattle. Furthermore, homogenates of tick
gut tissue from infected adults caused infection when
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inoculated intravenously into susceptible calves.® Adult
ticks were found to be infective when they had fed as nymphs
on either carrier calves with no apparent A. marginale
parasitemia or on calves with acute anaplasmosis.®
However, nymphs that fed on calves with higher
parasitemias induced anaplasmosis more rapidly when they
fed as adults on susceptible calves.

Colonies of A. marginale were found in midgut epithelial
cells of adult D. andersoni experimentally infected as
nymphs from groups of ticks that had proved to be infected
by animal transmission studies.Z No colonies were observed
in associated control ticks, and the identity of the colonial
organisms was confirmed as A. marginale with fluorescein-
and ferritin-labeled antibodiesB 2 and with peroxidase-
antiperoxidase-technique.®

Initial studies with the light microscope revealed colonies
that varied in staining characteristics; the colonies were
found to contain very pleomorphic organisms.Z After
examination of hundreds of colonies, it was confirmed that
the staining characteristics of the colonies, as discerned with
the light microscope, varied considerably and that the
colonies could be categorized into 5 morphologic types.3
Types 1and 2 colonies contained densely staining masses of
organisms, Type 3 colonies contained clumps of organisms
and Types 4 and 5 contained distinctly separate organisms
along with large amorphous particles. The mean diameter of
the various colony types ranged from 5.64 pm for Type 1to
10.49 pm for Type 5 colonies. It was hypothesized that the
small type 1colonies develop into the larger Types 4 and 5
colonies and that the 5colony types represent a developmen-
tal sequence of A. marginale in midgut epithelial cells of
adult D. andersonid]

The structure of A. marginale appeared to vary within the
5 colony types and further suggested the occurrence of a
developmental sequence of the organism in gut cells.3
Representatives of each colony type were selected by light
microscopy and were sectioned for examination by electron
microscopy. The ultrastructural features of individual A.
marginale organisms within colonies varied and included:
(1) small electron-dense forms, (2) larger reticulated forms,
(3) pleomorphic reticulated forms, and (4) small particles.
Types 1 and 2 colonies contained small, electron-dense
forms. Type 3 colonies contained electron-dense forms,
early reticulated forms, and small particles that were often
outside of the parasite’s limiting membrane. Type 4 colonies
contained many reticulated forms that often had small
particles within cell membranes. Type 5 colonies contained
fewer well-formed reticulated forms than did type 4 and, in
some cases, larger masses of pleomorphic reticulated forms.
The various morphologic forms of A. marginale within
colonies were unique in our experience. They were more
similar to stages described in the developmental cycle of
Chlamydia than to any other organism with which we are
familiar. During the course of a chlamydial life cycle, the
organism changes from small electron-dense elementary
bodies that can adsorb to and infect cells to larger reticulate
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bodies that divide by binary fission and subsequently
reorganize into elementary bodies.2 3 Although the
morphologic evidence found in our study of A. marginale
suggests a developmental sequence leading from electron-
dense form to reticulated form, it is not known whether the
reticulated forms reorganize into electron-dense forms as
occurs in Chlamydia. What similarities, ifany, exist between
the forms of A. marginale we have described and the
chlamydiae is not known at present.

Colonies of A. marginale in Rhipicephalus simus—
Similar colonies of A. marginale were described in
Rhipicephalus simus, a common tick from Republic of
South Africa, confirming a pattern of development of the
organism in a second species of tick.34 As with studies of D.
andersoni, 5 morphologic types of colonies were present in
midgut epithelial cells of adult ticks that were infected as
nymphs. The colonies were also studied by electron
microscopy and found to contain organisms similar to those
described in D. andersoni in North America.

Colony Density Studies—The density of A. marginale
colonies (No. of colonies per .001 mm?2 of tick gut tissue
examined ) in adult D. andersoni infected as nymphs was
compared in ticks infected on calves with low and high
parasitemias; these values, in turn, were compared with
those from unfed infected D. andersoni that had been
exposed to elevated temperature (37° C) for various periods.
Histologic and animal inoculation studies confirmed that
infection levels of A. marginale were significantly higher in
ticks infected as nymphs on calves with higher A. marginale
parasitemias.® Incubation of adults also affected colony
density. Densities were greatest in adults that had been
incubated at 37° C for 2.5 days.3 Corresponding tick trans-
mission studies confirmed that ticks with the greater colony
density also had greater potential to produce infection;
calves inoculated with gut homogenates from D. andersoni
that were incubated 2.5 days at 37° C (and had high colony
density) developed anaplasmosis in a shorter time than did
calves exposed to material from ticks a.) not incubated b.)
incubated for 1.5 days or c.) 7 days.3The incubation studies
also demonstrated that nearto 100% ofticks that attached to
calves with anaplasmosis became infected and that colonies
of A. marginale developed almost uniformly in them.

Further Development of A. marginale in D. andersoni

Although a developmental sequence of A. marginale has
been described in midgut epithelial cells, growth of the
organism in the tick’s gut does not imply that this is a likely
location from which to transfer to the vertebrate host. Gut
regurgitation has been suggested as the mode of
transmission of Cowdria ruminantium3 by ixodid ticks.
However, this mechanism of transmission has not been
demonstrated conclusively. In ixodid ticks, salivary glands
are the main route by which fluid, electrolytes and disease-
causing agents pass to the vertebrate host.38 4 For this
reason, further experiments were designed to examine other
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possible sites of growth of A. marginale.

Hemolymph of infected ticks was studied because
hemocytes are migratory and are likely cells to transport the
infection to other tissues. Hemolymph from adult D.
andersoni that were infected as nymphs was studied for the
presence of A. marginale by two methods, viz., animal
transmission and fluorescent antibody studies. The work
was done with unfed ticks that were incubated and with
feeding (for 6 days) adults. In both types of ticks,
hemolymph was found to be another site of growth of A.
marginale, but the development was more pronounced in
ticks that had fed for 6 days.#4 Hemolymph from incubated
ticks caused anaplasmosis in 2 of 4 trials, and hemolymph
from feeding ticks caused anaplasmosis in 4 of 4 trials.
Moderately fluorescing bodies were observed in some
hemocytes from incubated ticks, whereas hemocytes from
feeding ticks contained numerous clusters of more brightly
fluorescing bodies. Fluorescing bodies were not observed in
hemocytes from uninfected control ticks. Presence of A.
marginale in hemocytes is an interesting observation but
these host cells are not a likely mechanism for transfer of the
parasite from the invertebrate to the vertebrate host.
Hemocytes apparently circulate freely within ticks and could
be important in transferring A. marginale within them.
However, they have not been described to exit from ticks
except when the acarines are injured.

Basic to understanding the mechanism of transmission of
A. marginale by ticks is to determine specifically when,
during feeding, A. marginale is passed from ticks to
susceptible cattle. Transmission studies were conducted in
which adult ticks were allowed to feed on calves for 1to 9
days. Anaplasmosis developed only in calves on which ticks
fed for at least 6 days. Therefore, we assume that the A.
marginale organism could not be transmitted to calves until
some further development or maturation occurred following
attachment of adult ticks to the host. The long feeding time
required for transmission to be effected suggests a
progressive development of A. marginale; it also points to
salivary glands as a site of development and transmission.
Further study is required to prove this conjecture.

References

1 Rehacek J.: Development of animal viruses and rickettsiae in ticks and
mites. Ann. Rev. Entomol. 10:1-24, 1965. 2. Moulder J.W.: The
Rickettsias. In Buchanan R.E., Gibbon N.E., (eds): Bergey’s Manual of
Determinative Bacteriology, 8th Ed., Baltimore, Williams and Wilkins, pp.
882-928, 1974. 3. Boyton W.H.: Further observations of anaplasmosis.
Cornell Vet Res. 22:10-28, 1932. 4. Espana C., Espana E.M., Gonzales D.:
Anaplasma marginale. 1 Studies with phase contrast and electron
microscopy. Am J Vet Res, 20:795-805, 1959. 5. Franklin T.E., Redmond
H.E.: Observation on the morphology of Anaplasma marginale with
reference to projections of tails. Am J Vet Res, 19:252-253, 1958. 6. Gates
D.W., Roby T.O., Amerault T.E.: et al: Ultrastructure of Anaplasma
marginale fixed with glutaraldehyde and osmium tetroxide. Am J Vet Res,
28:1577-1580, 1967. 7. Lotze J.C., Yiengst M.J.: Studies on the nature of
Anaplasma. Am J Vet Res, 3:312-320, 1942. 8. Pilcher K.S., Wu W.G,,
Muth O.H.: Studies on the morphology and respiration of Anaplasma

THE BOVINE PRACTITIONER — NO. 19



marginale. Am J Vet Res, 22:298-307, 1961. 9. Scott, W.L., Geer J.C.,
Foote L.E.: Electron microscopy of Anaplasma marginale in the bovine
erythrocyte. Am J Vet Res, 22:877-881, 1961. 10. Ristic M.: Structural
characterization of Anaplasma marginale in acute and carrier infections. J
Am Vet Med Assoc, 136:417-425, 1960. 11. Ristic M.: Studies of
anaplasmosis. |I. Filtration of the causative agent. Am J Vet Res, 21:890-
894, 1960. 12. Simpson C.F.: Morphologic alterations of Anaplasma
marginale in calves after treatment with oxytetracycline. Am J Vet Res
36:1443-1446, 1975. 13. Simpson C.F., Kling J.M., Love J.N.:
Morphologic and histochemical nature of Anaplasma marginale. Am J Vet
Res, 28:1055-1065, 1967. 14. Simpson, C.F., Kling J.M., Neal F.C.: The
nature of bands in parasitized bovine erythrocytes. J Cell Biol, 27:225-235,
1965. 15. Kocan, K.M., Venable J.H., Brock W.E.: Ultrastructure of
anaplasmal inclusions (Pawhuska isolate) and their appendages in intact
and hemolyzed erythrocytes and in complement-fixation antigen. Am J Vet
Res, 39:1123-1130, 1978. 16. Dikmans G.: The transmission of
anaplasmosis. Am J Vet Res, 11:5-16, 1950. 17. Anthony D.W.:
Dermacentor andersoni Stiles as a vector of bovine anaplasmosis, in
Proceedings, 5th Natl Anaplasmosis Res Conf, 1968, pp. 167-173. 18
Howarth J.A., Hokama Y.: Tick transmission of anaplasmosis under
laboratory conditions, in Proceedings, 6th Natl Anaplasmosis Res conf,
Las Vegas, Nev, 1973, pp. 117-120. 19. Friedhoff K.T., Ristic M.
Anaplasmosis. XIX. A preliminary study of Anaplasma marginale in
Dermacentor andersoni (Stiles) by fluorescent antibody technique. Am J
Vet Res, 27:643-646, 1966. 20. Anthony D.W., Madden P.A., Gates D.W.:
Anaplasma marginale Theiler observed in the gut and excreta of
Dermacentor andersoni Stiles (Dermacentor venustus Marx). Am J Vet
Res, 25:1464-1472, 1964. 21. Kocan K.M., Hair J.A., Ewing S.A.:
Ultrastructure of Anaplasma marginale Theiler in Dermacentor andersoni
Stiles and Dermacentor variabilis (Say). Am J Vet Res, 41:1966-1976,
1980. 22. Kocan K.M.: Unpublished Data, Veterinary Research,
Oklahoma State University, Stillwater, OK 74078, 1982. 23. Kocan K.M.,
Yellin T.N., Ew'ing S. A., Hair J. A., Barron S.J.: Morphology of colonies of
Anaplasma marginale in nymphal Dermacentor andersoni. Am J Vet Res,
45:1434-1440, 1984. 24. Kocan K.M., Ewing S.A., Hair J. A., Barron S.J.:
Demonstration of the inclusion appendage of Anaplasma marginale in
nymphal Dermacentor andersoni. Am J Vet Res, In Press, 1984. 25. Kocan
K.M., Teel K.D., Hair J.A.: Demonstration of Anaplasma marginale
Theiler in ticks by tick transmission, animal inoculation and fluorescent
antibody studies. Am J Vet Res, 41:183-186, 1980. 26. Kocan K.M., Hair
J.A., Ewing S.A., Stratton L.G.: Transmission of Anaplasma marginale
Theiler by Dermacentor andersoni Stiles and Dermacentor variabilis (Say).
Am J Vet Res, 42:15-18, 1981. 27. Kocan K.M., Hair J.A. Ewing S.A.:
Ultrastructure of Anaplasma marginale Theiler in Dermacentor andersoni
Stiles and Dermacentor viariabilis (Say). Am J Vet Res, 41:1966-1976,
1980. 28. Kocan K.M., Hsu K.C., Hair J.A., Ewing S.A.: Demonstration
of Anaplasma marginale Theiler in Dermacentor variabilis (Say) by
ferritin-conjugated antibody technique. Am J Vet Res, 41:1977-1981,
1980. 29. Oberst R.D., Kocan K.M., Hair J.A, Ewing S.A.: Staining
characterisitics of colonies of Anaplasma marginale Theiler in
Dermacentor andersoni Stiles. Am J Vet Res, 42:2006-2009, 1981. 30.
Staats, J.J., Kocan K.M., Hair, J.A., Ewing S.A.:
Immunocytochemical labeling of Anaplasma marginale Theiler in
Dermacentor andersoni Stiles with peroxidase-antiperoxidase technique.

NOVEMBER, 1984

Am J Vet Res, 43:979-983, 1982. 31. Kocan K M., Ewing S.A., Holbert D.,
Hair J.A.: Morphologic characteristics of colonies of Anaplasma marginale
Theiler in midgut epithelial cells of Dermacentor andersoni Stiles. Am J Vet
Res, 43:586-593, 1983. 32. Storz J., Page L.A.: Taxonomy of the
chlamydiae: Reasons for classifying organisms of the genus Chlamydia,
family Chlamydiaceae, in a separate order, Chlamydiales ord nov. Int J
Cyst Bacteriol, 21:322-334, 1971. 33. Storz, J., Spears P.: Chlamydiales:
Properties, cycle of development and effect in eukaryotic host cells. Curr
Top Microbiol Immunol, 77:167-214, 1977. 34. Potgieter F.T., Kocan
K.M., McNew R.W., Ewing S.A.: Demonstration of colonies of
Anaplasma marginale in the midgut of Rhipicephalussimus. Am J Vet Res,
44:2256-2261, 1983. 35. Kocan K.M., Holbert D., Ewing S.A., Hair J.A.,
Barron S.J.: Influence of parasitemia level at feeding on development of
Anaplasma marginale Theiler in Dermacentor andersoni Stiles. Am J Vet
Res, 44:554-557, 1983. 36. Kocan K.M.. Holbert D., Ewing S.A., Hair
J.A., Barron S.J.: Development of colonies of Anaplasma marginale in the
gut of incubated Dermacentor andersoni. Am J Vet Res, 44:1617-1620,
1983. 37. Uilenberg G.: Heartwater (Cowdria ruminantium infection):
Current status, Ad in Vet Sci and Comp Med., 27:427-480. 1983. 38.
Brinton L.P., Burgdorfer W.: The structure of Rickettsia Canada in tissues
of Dermacentor andersoni Stiles. J Bacteriol. 105:1149-1159, 1971. 39.
Burgdorfer W.: A review of Rocky Mountain spotted fever (tick-borne
typhus), its agents, and its tick vectors in the United States. J Med
Entomol., 12:269-278, 1975. 40. Purnell R.E., Joyner L.P.: The
development of Theileria parva in the salivary glands of the tick,
Rhipicephalus appendiculatus. Parasilol, 58:725-732, 1968. 41. Schein E,,
Mehlhorn H., Voigt W.P.: Electron microscopical studies on the
development of Babesia canis (Sporozoa) in the salivary glands of the
vector tick Dermacentor reticulatus. Acta Tropica. 36:229-241, 1979. 42.
Moltmann, U.G., Mehlhorn H., Friedhoff KT.: Electron microscopic
study on the development of Babesia ovis (Piroplasmia) in the salivary
glands of the vector tick Rhipicephalus bursa. Acta Tropica, 39:29-40, 1982.
43. Kaufman W.R., Sauer J.R.: lon and water balance in feeding ticks:
Mechanism of tick excretion. In F.D. Obenchain. R Galun (eds).
Physiology of Ticks, Pergamon Press, Oxford, pp. 213-244. 1982. 44.
Kocan K.M., Oberst R.D., Ewing S.A., Hair J.A., Barron S.J.
Demonstration of Anaplasma marginale in hemolymph of Demacentor
andersoni by animal inoculation and by fluorescent-antibody technique.
Am ./ Vet Res, 44:798-802, 1983.

Supported by Oklahoma Agricultural Experiment
Station Project No. 2-1-11441; USDA-SEA Animal Health
Program 83-CRSR-2-2171; and USDA-SEA SPEICAL
GRANTS No. 5-523820 and 5-5-23874.

Journal article 4553 of the Oklahoma Agricultural
Experiment Station, Stillwater, OK 74078.

A condensed version was presented at the AA BP Annual
Convention, Oklahoma City, Oklahoma on Nov. 28, 1983.

The authors thank Irma Linsenmeyer for clerical
assistance.

107



