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ABSTRACT 
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Fluorescing inclusion appendages were detected consistently in preparations of Anaplasma centrale 
and Anaplasma marginale when they were used as antigen in indirect immunofluorescence serological 
tests for the diagnosis of anaplasmosis in cattle. The presence of the inclusion appendages made it 
possible to confirm the specificity of the immunofluorescent reaction and to determine end-points with 
accuracy. 
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Of the various serological tests routinely available for 
the diagnosis of bovine anaplasmosis, the indirect 
immunofluorescent test (1FT) has been regarded as 
the most sensitive (Gonzalez, Long & Todorovic 
1978). However, it is not widely used, partly because 
the Anaplasma inclusion bodies which act as anti
gen, lack a morphological characteristic that makes 
them distinguishable from non-specific fluorescing 
particles when the test is read (Anon. 1993). We re
port here on the utilization of fluorescence of inclu
sion appendages of Anaplasma spp. when they re
act with antibodies in the 1FT, making the test highly 
specific and reliable. 

Anaplasma antigen slides for use in the 1FT were 
prepared by infecting splenectomized haemopara
site-free calves with A. centrale Onderstepoort, ob
tained from the Tick Fever Research Centre, Queens-
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land, Australia (TFRC), or A. marginate Dickson , 
1991, isolated from the pooled blood of four healthy 
adult zebu cattle from a centre near Lilongwe, Mala
wi. In both cases, infected calves were bled into hep
arin as soon as the parasitaemia exceeded 5%. The 
infected blood was washed at least five times with 
phosphate-buffered saline at pH 7,2 (PBS), during 
which time all traces of buffy coat and serum were re
moved. The red cells were resuspended at a packed
cell volume of 30% in 3,5% bovine albumin fraction 
V in PBS, and 25 IJQ was spread evenly across a mi
croscope slide previously coated with 7% bovine al
bumin by spinning the slide at high speed around its 
own axis. The antigen slides were air dried, fixed at 
ssac for 30 min and covered with masking tape (Par
ker 1971) before being stored at -70 °C. Negative
control serum was supplied by the TFRC from an 
animal shown by the Centre to be negative for all tick
borne diseases, and positive-control sera were ob
tained from animals infected experimentally with the 
homologous parasite in Malawi. 
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Serological diagnosis of bovine anaplasmosis 

The 1FT was performed by conventional methods 
(Anon. 1984) with a variety of modifications. Block
ing of free-antigen sites on the slide after reaction 
with the test sera by immersing the slide for up to 30 
min in a suspension of spray-dried skimmed-milk 
powder (ASDA Stores Ltd, UK), 3 gin 150 mQ phos
phate-buffered saline at pH 7,4 with 150 ~Q sorbitan 
monolaurate ("Tween 20"-ACI Ltd), was found to 
reduce non-specific fluorescence. Examination for 
fluorescence was conducted by means of incident 
ultraviolet light under a x40 objective. 

When the test was performed with positive-control 
sera for the homologous parasite, Anaplasma, inclu
sion bodies were detected as round fluorescing par
ticles with irregular outlines and of variable size, up 
to a quarter of the diameter of the erythrocyte. A pro
portion of the bodies, usually less than 1/10, had fluo
r~scing filamentous inclusion appendages projecting 
from them; the appendages were of variable length, 
up to the diameter of the erythrocyte (Fig. 1 ). Occa
sional bodies had two appendages, and appendages 
not attached to bodies were sometimes seen. A few 
bodies were also surrounded by small, fluorescing 
granules. Inclusion appendages were found consist
ently in three batches of A. centrale antigen prepared 
over a 5-year period and in one batch of A. marginate 
antigen. The detection of inclusion appendages was 
not affected by the various modifications that were 
investigated in the test. 

When sera from experimentally infected animals were 
titrated in threefold dilutions against the homologous 
antigen, it was much easier to detect an end-point 
on the basis of presence or absence of fluorescence 
of inclusion appendages than on a subjective assess
ment of intensity of fluorescence of the inclusion bod
ies themselves. Sera from groups of cattle inoculated 
with live A. centrale vaccine (Anon. 1984) at fivefold 
dilutions from 1/10 to 1/6250, together with unvacci
nated controls, were tested against the homologous 
antigen on day 56 after inoculation. When fluores
cence of inclusion appendages at a dilution of 1/90 
was used as the criterion of a positive serological re
action, results were correlated in 46/48 animals with 
microscopic detection of parasites in Giemsa-stained 
blood smears between days 35 and 56. 

In cattle tested at intervals up to 98 d after infection 
with one parasite or the other, the titres to the homo
logous and heterologous antigens were usually iden
tical, never differing by more than one threefold di
lution. When sera from 98 cattle of unknown infection 
status from various centres in Malawi were tested 
against both antigens at 1/90, the results agreed in 
96/98 animals, when fluorescence of inclusion ap
pendages was taken as the criterion for a positive 
result. 

The inclusion appendages of the two parasites uti
lized in this study appeared to be more filamentous 
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FIG. 1 Fluorescing inclusion appendages on Anaplasma centrale 
inclusion bodies reacting with homologous serum at 1/40 
in the indirect immunofluorescence test (x1 00 objective, 
oil immersion) 

and less frequent than those that have been de
scribed in other strains of A. marginate. In 1FT prepa
rations of such strains, the appendages may be 
found in up to 70% of the parasites and are robust, 
giving the organisms the shapes of commas, com
ets, matchsticks and dumb-bells (Madden 1962); ring 
forms have also been described (Kocan, Venable, 
Hsu & Brock 1978). The nature of the appendages 
has not been determined completely, but they are 
thought to represent organization of proteinaceous 
material within the parasitized erythrocyte (Simpson, 
Kling & Neal 1965). Kocan, Ewing, Hair & Barron 
(1984) suggested that the appendages might play a 
role in the entry of the parasites into the tick-gut 
epithelium after ingestion. 

Inclusion appendages have not previously been de
scribed in A. centrale. Their detection in the IFTwhen 
both A. centrale and A. marginate are used as anti
gens, improves the specificity of the test. The use 
of fluorescence of inclusion appendages as the de
finitive criterion for interpretation of the test has dem
onstrated a high level of cross-reactivity between A. 
centrale and A. marginate. 
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