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DISTINCTIVE STAINING OF COLONIES OF COWDRIA RUMINANTIUM IN
MIDGUTS OF AMBLYOMMA HEBRAEUM* 

C. I. YUNKER", K. M.KOCAN2"1 , R. A. 1.NORVAL" and M. J. BURRIDGEt 

ABSTRACT 
YUNKER, C E, KOCAN, K. M., NORVAL, R. A. 1.& BURRIDGE, M. J., 1987. Distinctive staining

of colonies of Cowdria ruminantium in midguts of Amblyomma hebraeum. Onderstepoor Journal ofVeterinary
Research, 54, 183-185 (1987). 

Mallory's phloxine-methylene blue stain was used to d fferentiate colonies of Cowdria ruminantium inmidgut e-ithelial cells of nymphal Amblyomma hebraeum that had been infected as larvae. Gut tissues werecollected from nymphs that had fed on a susceptible sheep and were fixed in formol-saline on the day ofrepletion. Paraffin sections, 3-4 jnm thick, were then stained-and this .endered colonles and ced nuclei denselyblue against a uniformly pink background of tick tissues. Colonies were easily distinguished from nuclei by theirspeJic morphology. This method .f parasite visua!ization may be adapted to fisld-collected ticks for rapiddetection ofC. ruminantium or to assays of susceptibility of tick populations to various strains of the organism. 

INTRODUCTION 

The bont tick, Ablyomma hebraetm Koch, is the 
major vector of heartwater (caused by Cowdriaruntinan-
tium) to ruminants in souther. Africa. It can become 
infected in pre-adult instars and subsequently transmit 
the organism transstadially and to susceptible hosts. To 
fully understand the epidemiology of heartwater it is 
necessary to determine infection rates in field-collected 
ticks. Also. the production of adequate numbers of
organisms from ticks for development of vaccines and 
diagnostic tests (1ezuidenhout, 1981; 1984) uepends 
upon an understanding of the susceptibility of vector 
sub-populations to various strains of the organism.
Numerous techniques, including animal inoculation,
microscopic examination, and se.ological and biochemi-
cal screening, have been used to demonstrate .nfectious 
organisms in vectors. However, some of thest pro-
cedures are poorly sensitive for heartwater, or are cotly,
time-consuming or unavailable in countries affectet. by
the disease. We report distinctive staining of C. rumi-
nantium in paraffin-sections of A. hebraeum midgut.
This simple technique may be a plicable to sampling of 
field populations of Cowdria-infected ticks as well as toassays of infectivity in laboratory-reared forms. 

MATERIALS AND METHODS 

Tick and rickettsialstrainsused 
A Zimbabwean strain of Amblyomnna hebraeun, 

originally collected at Malapati (220 05 S,31' 25' E) by
R. A. I. Norval in 1978 and subsequently reare'J in the
laboratory, was used. Larvae were infected by feeding
on a Boer goat inoculated intravenously with 5 m( of 
blood infected with Cowdria ruminantium. This blood 
was obtained from a pyrexic Boer goat that had been 
inoculated i.v. 17 days previously with 5 mC of heart-
water blood vaccine (Ball3 strain) as currentl, issued by
the Veterinary Restarch institute, Onderste:oort (Bezut-
denhout, 1981). Larvae that engorged and dropped off 
the host during the period when tts temperature was 
about 40 'C were collected, held at 80 % RH and 27 'C, 

ingsotdelivered at the Workshop, but included in this Proceed-
University of Fljrida/USAIDrZimbabwe Heartwater Research Pro-'ect. Veterinary Research Laboratory, P.O. Box 8101, Catseway, 

Department of Veterinaty Research, Collegc of Veterinary Medi-
cine, Oklahoma State Universiy, Stillwater, Oklahoma 74078,U.S.A. 

' Veterinary Research Laboratory, P.O. Box 810 1, Causeway, Zim-babwe 
>nter tar Tropical Animal Health. College of Veterinary Medicine,

University of lorida, Gainesville Florida 32610, U.S. A. 
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and allowed to moult. Approximately 2 weeks after 
moulting, nymphs were red on a heariwater-susceptible 
shee yThese nymphs were prepared fo sectioning on 
the day they dropped off. 

Giemsa-stained brain-crush smears were made from 
all ruminants at autopsy to confirm the presence of the 
organism. 
Preparationof specimens 

Tick midguts were fixed, after dissectng in phos
phate-buffered saline, by transferring the organs to for
mol!saline solution. Forty-eight hours later these organs 
were dehydrated, paraffinized and cut into sections 3-4 
gm in thickness. After dewaxing and hydration, they 
were stained by a modificat;on of Mallory's phloxine
methylene blue method as reported by Thomas (1933).
Brie fly, sections were stained for 2 min in filtered icid 
phloxne (0,5 g phloxine in 100 me distilled water con
taining 0,2 % acetic acid), rinsed in warm water for 2 to 
3 min, and stained for I min in boracic-methylene blue 
solutiot, (0,23 g each of methylene blue and borax in 100 
me di,tilled water). Sections were partially destained in a 
0,2 % solution of acetic acid in distilled water by genilyagitating the slide until colour ceased to stream from thesection. They were differentiated by immersion for 5 
min in each of 2 changes of 95 %ethanol, and similarly
dehydrated in 2 changes of absolute ethanol. After clearing for 5 min in each of 2 changes of xylene, sections 
were mounted in Per,nount for examination by light
microscopy. 

RESULTS 
At low magnification (100-250 X), colonies of ricket

tsiae and cell nuclei in miJgut were seen to stain a deep
blue against a uniform'iy pink background of tick 
elements, host erythrocvtes and haemoglobin (Fig. 1,2).
At higher ma&nifications, individual, homogeneously
stained, coccoid org?.nisris could be seen within the
colonies and easily dist.nitvished from cell nuclei (Fig.
3). Midgut sections obtained from uninfi:cted nymphal
ticks, used as controls, showed no colonies. All ruminants used in this study responded with symptoms typi
cal of heartwate, and died. Heartwater was confirmed atautopsy, with characteristic organisms seen in brain
crush smears. 

DISCUSSION 

Although colonies of l'artwater organisms were seenby Cowdry as early as 1925 in Giemsa-stained paraffinsections of tick tissues, histological studies of the 
organism %ere, until recently, limited to tissues of thevertebrate host. The development of a tick vaccine for 
hea'twater (Bezuidenhout, 1981 ), together with the need
to obtain purified, tick-derived organisms for serological
antigens, prompted studies aimed at detecting heartwater 
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FIG. I, 2 Colonies of Cowdria rurminanuium (C) in midgut epilhbeiun of fed, nymphal Amblyomma hwbraeum; nowehost-cell nuclei (arrows). 
Malloiy' phioxine-nmethylene blue stain ofparaffin sections, 500 ×. 

FIG. 3 Colony ofW. rurminantiurm shown inFig. 2,enlarged 12500 x); host-cell nucleus (arrow). 

FIG. 4 Colonies oft.ruminantium (C). Mallory's monochromatic blue stain of epoxy embedded section (Nu, host-cell n~uclets), 2 000 x. Compar 

with Fig. 3. 
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rickettsiae in vector tissues (Bezuidenhout, 1984; 00-6003-00) through the University of Florida and by theKocan, Morzaria, Voight, Kiarie & Irvin, 1987). These Government of Zimbabwe.studies utilize epxy-embedded sections and a variation of
Mallory's stainwhich renders colonies, tissue components, We are grateful
and haemoglobin in various shades of blue (Fig. 4). This 

to Mr Tipi T. Matambo, Mr Justin 
monochromatic effect was also noted by Cowdry (1925). 

Muchuwe and Mrs Barbara Byrom for helpful technical
assistance and to Dr J. D. Bezuidenhout for kindly pro-Because Cowdria micro-organisms within colonies may viding a copy of Cowdry's (1925) paper


be confused with piZ.,;,:ed granules and inclusions of

tick tissues, electron iricrosL. py may be required to confirm the presence of the parastes. Bezuidenhout (1984) 
 REFERENCESalso reported that frozen sections stained with Giemsa, BEzu.ENtour, J. D., 1981. The development of a new heartwatermethyl green and pyronin Y, and acidine orange were vaccine, using Amblyomma hebraeum nymphae infected with Cow.unsatisfactory. dria ruminantium. Proceedings of an Internationat Symposium onTick Biology and Control, Rhodes University, GrahaMstrown,Our objective was tv find a relatively simple and rapid 41-45.means to identify Cowdria-infected ticks for epidemiolo- BEZuitNHoUr, J.D., 1984. Demonstration of Cowdria ruminantiumgical studies. Paraffin sections can be produced in most in Amblyomma hebraeum by fluorescent antibody technigues, lightdiagnostic laboratories, and the bichromatic rendering of and electron rmicrscopy. Onderstepoort Journal of Veterinarytick midgut by the phloxine-methylene blue stain facili- Research, 51, 213-215. " tates quick differentiation of parasites from other struc- COWDRY, E. V., 1925. Studiestures. Additionally, this method may find application in 

on the etiology of heartwater. I. 
Rickettsia ruminanhium(n.sp.) inthe tissues of ticks transmitting theassays of susceptibility of different vector species and disease. Journal ofExperimental Medicine, 42, 253-274 + 2 plates.populations to various strains of the heartwater KOCAN, K. M., MORZARIA, S. P., VOIGHT, W. P., KIARIE, J.&organism. IRVIN, A. D., 1987. Demonstration of colonies of Cowdria rumi.nantium in midgut epithelial cells of Amblyomma variegatum.

ACKNOWLEDGEMENTS American Journal of Veterinary Research, 48. 356-360.This work was funded by the United States Agency for TMAs, J. T., 1953. Phlxine-methylene blue staining of formalin-International Development (Contract No AFR-0000-C- fixed tissue. Stain Technology, 28, 311--312. 
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DISTINCTIVE STAINING OF COLONIES OF COWDRIA RUMINANTIUM IN 
MIDGUTS OF AMBLYOMMA HEBRAEUM* 

C. E. YUNKER11, K. M. KOCAN"' R. A. I. NORVAL1 3iand M. J. BURRIDGE"I 

ABSTRACT
 

YUNKER, C. E., KOCAN, K. M., NORVAL, R. A. I. & BURRIDGE, M. J.,1987. Distinctive staining
of colonies of Cowdria ruaminantium in midguts of Amblyornma hebraeum. Onderstepoor Journal of Veterinary
Research, 54, 183-185 (1987). 

Mallory's phloxine-methylene blue ,tainwas usedto differentiate co!onies of Cowdria runitnantium in
midgut epithelial cells of nymphal Amblvomma hebraeum that had been infected as larvae. Gut tissues were
( 9leced from nymphs that had fed on a susceptible shp and were fixed in formol-saline on the day of
repletion. Paraffin sections, 3-4 Am thick, were then stained and this rendered colonies and cell ntc!-i densely
blue a.gainst a uniformly pink background of tick tissues. Colonies were easily listinguished from nuclxi bvtht, 
secit~c
morphology. This method of parasite visuz'zation may be adapted to field-collected tick 'rrapid
detection of C. ruminantiuam or to assays of susceptibility of tick poptilations to various strains of the organism. 

INTRODUCTION 

The bont tick, Ablyomma hebraeum Koch, is the 
major vector of heartwater (caused by Cowdria ruminan-
tium) to ruminants insouthern Africa. It can become 
infected in pre-adult instars and subsequently transmit 
the organism transstadially and to susceptible hosts. To 
fully understand the epidemiology of heartwater it is 
necessary to determine infection rates in field-collected 
ticks. Also, the production of adequate numbers of 
organisms from ticks for development of vaccines and 
diagnostic tests (Bezuidenhout, 1981; 1984) depends 
upon an understanding of the susceptibility of vector 
sub-populations to various strains of the organism. 
Numerous techniques, including animal inoculation, 
microscopic examination, and serological and biochemi-
cal screening, have been used to demonstrate infectious 
organisms in vectors. However, some of these pro-
cedures are poorly seasitive for heartwater, or are costly, 
time-consuming or unavailable in countries affected by 
the disease. We report distinctive staining of C. rumi-
nantium in paraffin-sect ions of A. hebraeum midgut. 
This simple technique may be applicable to sampling of 
field populations of Cowdria-infectedticks as well as to 
assays of infectivity in laboratory-reared forms. 

MATERIALS AND METHODS 

Tick andrickettsialstrainsused 
A Zimbabwean strain of Amblyomma hebraeum,

°
originally collected at Malapati (220 05' S,31 25' E) by
R. A. 1. Norval in 1978 and subsequently reared in the 
laboratory, was used. Larvae were infected by feeding 
on a Boer goat inoculated intravenously with 5 me of 
blood infected with Cowdria ruminantium. This blood 
was obtained from a pyrexic Boer goat that had been 
inoculated i.v. 17 days previously with 5 me of heart-
water blood vaccine (Ball3 strain) as currently issued by
the Veterinary Research Institute, Onderstepoort (Bezut-
denhout, 1981). Larvae that engorged and dropped off 
the host during the period when its temperature was 
about 40 °C were collected, held at 80 % RHand 27 'C, 

* Paper not delivered at the Workshop, butincluded in this Proceed-
ings for the sake of ompleteness 

".University of Florida/USAIDqZimbabwe Heartwater Research Pro-
VeterinaryResearch Laboratory. P.O. Box 8101, Causeway,Zimribabwe 
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cine. Oklahoma State Taiversity, Stillwater, Oklahoma 74078,
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and allowed to moult. Approximately 2 weeks after 
moulting, nymphs were fedor a hearw ter-usceptible
sheep. These nyphs were prepaed for sectioning onthe day they dropped off. 

Giemsa-staied brain-crush smears were made from 
all ruminants at autopsy to confirm the presence of the 
organism. 
Preparationofspecimens 

Tick midguts were fixed, after dissecting in phos
phate-b6ffered saline, by transferring the organs to for
mol/saline solution. Forty-eight hours later these organs 
were dehydrated, paraffinized and cut into sections 3-4 
i,.m inthicknec-. After dewaxing and hydration, they 
were stained by a modification of Mallory's phloxine
methylene blue mlthod as reported by Thomas (1953). 
Briefly, sections were stained for 2 min in filtered acid 
phloxine (0,5 g phloxine in 100 ,hedistilled water con
taining 0,2 % acetic acid), rinsed n warm water for 2 to 
3 min, and stained for 1 min in boracic-methylene blue 
solution (0,25 g each of methylene blue and borax in 100 
m distilled water). Sections were partially destained in a 
0,2 %solution of acetic acid indistilled water by gently 
agitating the slide until colour ceased to stream from the 
section. They were differentiated by immersion for 5 
min in each of 2 changes of 95 %ethanol, and similarly
dehydrated in 2 changes of absolute ethanol. After clearing for 5 min in each of 2 changes of xylene, sections 
were mounted in Permount for examination by light
microscopy. 

REij'.,.T 
At low magnification (100-250 X), colonies ofricket

tsiae and cell nuclei in midgut were seen ro stain a deep
blue against a uniformly pink background of tick 
elements, host erythrocytes and haemoglobin (Fig. 1,2).
At higher magnfications, individual, homogeneously
stained, coccoid organisms could be seen within the 
colonies and easily distinguished from cell nuclei (Fig.
3). Midgut sections obtained from uninfected nymphal 
ticks, used as controls, showed no colcnies. All ruminants used in this study responded with symptoms typi
cal of heartwater and died. Heartwater was confirmed atautopsy, with chara:'eristic organisms seen in brain

s 
crusi smears, 

DISCUSSION 

Although colonies of heartwater organisms were seen
by Cowdry as early as 1925 in Giemsa-stained paraffin
sections of tick tissues, histological studies of the
organism were, until recently, limited to tissues of the 
vertebrate host. The development of a tick vaccine ior 
heartwater (Bezuidenhout, 198 1), together with the need 
to obtain purified, tick-derived organisms for serological
antigens, prompted studies aimed at detecting heartwater 
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FIG. 1, 2 Colonies of Cowdria ruminanium (C) in midgut epithelium of fed, nymphal Amblyomma hebraeum: note host-cell nuclei (arrows).
 

Mallory's phloxine-methylene blue stain of paraffin sections, 500 X.
 

FIG. 3 Colony ofC. ruminantium,shown inFig. 2,enlarged (2500 x); host-cell nucleus (arrow).
 

FIG. 
 4 Colonies of C. ruminantium (C). Mallory's monochromatic blue stain of epoxy embedded section (Nu, host-cell nucleus), 2 000 x. Comparewith Fig. 3. 

184
 



C. E.YUNKER, K. M.KOCAN, R. A. I. NORVAL & M. J.BURRIDGE 

rickettsiae in vector tissues (Bezuidenhout, 1984; 00-6003-00) thr, tgh the University of Florida and by the
Kocai, Morzaria, Voight, Kiarie & Irvin, 1987). These Government of Zimbabwe.
studies utilize epoxy-embedded sections and a variation of We are grateful to Mr Tipi T. Matambo, Mr JustinMallory's stain which renders colonies, tissue components, Muchuwe and Mrs Barbara Byrom for helpful technicaland haemoglobin in various shades of blue (Fig. 4). This assistance and to Dr . D. Bezuidenhout for kindly pro
monochromatic effect was also noted by Cowdry (1925). viin a o Dr (. ppe r
Becaumz Cowdria micro-organisms within colonies may viding acopy of Cowdry's (1925) paper.
be confused with pigmented granules and inclusions of 
tick tissues, electron microscopy mayberequired to con
firm the presence of the parasites. Bezuidenhout (1984) REFERENCES
also reported that frozen sections stained with Giemsa, BEizuiENHorr, J.D., 1981.The development of a new heartwaiermethyl green and pyronin Y, and acidine orange were vaccine, using Amblyomna hebraeum nymphae infected with Cowunsatisfactory. 	 driaruminantium. Proceedings of an International Symposium on 

Tick Biology and Control, Rhodes University, rahastown,Our objective was to find a relatively simple and rapid 41-45. 
means to identify Cowdria-infected ticks for epidemiolo- BEZUWENHOtn, J. D., 1984. Demonstration of Cowdria ruminantiumgical studies. Paraffin sections can be produced in most in Amblyomma hebraeum by fluorescent antibody iechniques, lightdiagnostic laboratories, and the bichromatic rendering of and electron microscopy. Onderstepoort Journal of Veterinary
lic: midgdt by the phloxine-methyiene blue stain facili- Research, 51, 213-215. 
tates quick differentiation of parasites from other struc- COWDRY, E. V., 1925. Studies on the etiology of heartwater. 11.tures. Additionally, this method may ind application in Rickettsia ruminantium (n.sp.) inthe tissues of ticks transmitting the assays of susceptibility of different veclor species and disease. Joarnal ofExperimentalMedicine, 42, 253-274 + 2plates.populations to various strains of the "heartwater KOCAN, K. M., MORZARJA, S.P., VOIGHT, W.P., KIARIE, J.&
organism. IRVIN, A. D., 1987. Demonstration of colonies of Cowdria ruminantium in midgut epithelial cells of Amblyomma variegatum. 
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