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CHAPTER I

INTRODUCTION

Bovine anaplasmosis is an infectious, noncoatagious
disease of cattle caused by rickettsial-like parasites
of the genus Anaplasma. More than 19 species of ticks are
now known to transmit Anaplasma organisms under natural
condition. However, its mode of transmission is complicated
by the fact that other biting flies mechanically transmit
the organism. Humans have similarly, been incriminated in
the mechanical transmission of the disease, through contamina-
ted instruments, while in utero transmission has also been
demonstrated (Fowler and Swift, 1975; Swift and Paumer, 1976).
The severity of the disease varies from peracute to
protracted chronic course and is characterised chiefly by
a progressive anaemia, icterus and pyrexia. The organism is
located in the erythrocytes of the host. It is essentially
a disease of cattle, affecting all breeds and age groups,
but calves are generally more resistant to clinical infection
than the adults. Cattle imported from an area free of the

disease, however, appear to be more susceptible than the



native population. Animals which recover from the clinical .
disease become carriers for the rest of their lives (Jones,
1968) . |

Tetracyclines have been the main chemotherapeutic agent
used in the treatment of bovine anaplasmosisg, for the past
two decades, Two other new drugs, GloxazoneR and Imidocarbﬂ,
have recently been introduced; but GloxazoneR was never
marketed due to its toxicity, while ImidocarbR has not yet been
fully accepted as the tetracyclines. In some parts of the
world, especially in the United States of America, vigorous ;
efforts to control the disease, to some extent, have been
successful through the use of drugs and various methods of
vaccination programmes. In Nigeria, for example, the c¢linical
disease is treated with Oxytetracycline, while further
infection is prevented through seasonal contrel of the ticks
and other arthropod vectors, using some broad spectrum
acaricides. 8o far such control measures have been limited
to government farms and absentee farmers. In general, the
control of the vector is hardly undertaken routinely and
cattle are, in most cases, left to develop immunity through
constant tick challenge. This leads to great economic

losses, through deaths and reduced production.



This thesis, therefore:

(a)

{b)

{c)

reviews pertinent literature on bovine
anaplasmesis, especially with particular

refarence to Nigeria;

investigates the prevalence of the disease

among cattle in the National Animal Production
Research Institute (NAPRI) Farm at Shika and

its environs and in slaughter cattle and

evaluates certain common dosages of Oxytetracy~
cline used in the treatment of bovine anaplasmosis

and the duration of such treatment.



CHAPTER II

REVIEW OF LITERATURE

A Review ¢f Bovine Anaplasmosis.

Historical Developments

Anaplasmosis was first observed in conjunction with
the study of piroplasmosis of cattle by Smith and Kilborme
(1893 a,b). In their investigation they recorded the
oceurrence of Yintra-corpuacular bodies®, which were referred
to as the “coccus-like hodies or marginal points®; in the

blood of affected cattle, but which were considered to be a .

atage in the lif'e cycle of Piroplasma Eigpminum. Kolle
{1898) descrihed apparently gimilar bodies in the :
erythrocytes of South African Cattle. Occurrence of
fmarginal polnt® in erythrocytes of cattle suffering fronm
piroplasmosic has been observed by Dschunktowszky and Luhs
(i1904). They concluded that the lnclusions represented

a2 form of P. annulatum, the “causative agent of tropical -
piroplasmosis . Similar observations were recorded by
Lignicrés (1914) in Argentine Cattlc. Subsequent investi-
gations rcvealed that the above workers werc dealing with a

mixed infection of anaplasposis and pireoplasmosis,



In the coursc of his studies, Theiler (1910 a,b;
1911 a,b; 1912 a,b) concluded that the "chromatic bodies"
or so-called "marginal points" present in the erythrocytes
of affected animals reprecaented a new genus of protozoan -
the Anaplasma -- which was rcsponsible for the genuine gall
sickness of South African Cattle. He designated the periphe=
rzl bodies found in the bovine erythrocytes, A. marginale,
the disease il causes, anaplasmosis. By means of cross-
immunity experiment, Theiler demonstrated that anaplasmosis

was different and distinct disease from piroplasmosis.

Distribution.

Since the announcement by Theiler, anaplasmosis has
been reported from most tropical and subtropical countries
throughout the World, and during the past three decades
it has becen identified in many areas of the temperate zones.
The gradual spread of the disease into the temperate zones,
within the past ycars has been attributed mainly to the
development of niodern Lransportation; because of the case
with which many exposed and carrier animals are moved into
previously clcan areas (Goss, Mills and Guard, 1941; Moore,
Riley and White, 1950; Griffiths and Hadlow, 1951;

Thomas, 1958).



Classification of Anaplasma.

Despite the intensive investigations conducted since
the discovery of the organism (Theiler, 1909, 1910, 1911,
1912; Lignierés, 1914; Boyton, 1917; Leclainche, 1930)
opinions were still divided for a long time, as to the
nature of the anaplasma agent and its relationship to other

blood parasites.

Problems of establishing the genus Anaplasma.

Through thc use of phase microscopy and a variety of
special techniques, many workers (Boynton, 1932; Boynton and
Woods, 1944; Espana and Espana, 1959, 1963; Pilcher, Wu and
Muth, 1961: Krier and Ristic, 1963, a,b) reported that
Anaplasma have structures resembling tails associated with
marginal body. This impression that Anaplasma is a polymorphic
organiam has greatly increased the controversy over its
classification., Some standard texts have even reflected
this controversy. For instance, Jubb and Kennedy (1963),
Bruner and Gillespic (1966), in their texts, placed
Anaplasma among "pathogenic protozoa of undetermined
classification®,

In 1934, lcitz, Alexamder and du Toit suggested that

Anaplasma, Epcrythrozoon, Bartonella, and Grahamella, being
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closely related, should be classed together in the family

Anaplasmidae, which is then placed in the order Haamosperidia.

Perhaps as a result of the strong criticiam levellied againat
this familial grouping by Weinman {1944), Neitz’s suggestion
was not generally accepved. 1In his criticisnm Weinman {1944)
among other things had remarked that it would be improper to
place Anaplasma among the sporozoa, since it shows neither °
nuclear differentiation nor evidence of gexuality. On the
other hand, Foote, Geer and Stich (1958), suggested that
Anaplasma is a virus, on the basis of the organism's obligate
intracellular parastism and its filterability characteristics.
This suggestion was later disproved by Ristic (1963), whun ho
contended that Anaplssma is clearly not a virus, because of
its cellular orgmnisation, cellular growth and posseszion of
a limiting mcmbrane, both of which were lacking in viruses.
Stainer, Doudoroff and Adelberg {1963}, using
strmuctural characteristics divided all biological cells into
two types; tho procaryolic and the eucaryotic (Table I).
The former includes the bacteria, mycoplasma, rickettsia,
chlamydia, spirochetes, leptospira, and the blue green algae.
The eucaryotic type includes green algae and higher plants,

protozoa and higher animals, and the fungi.



TABLE I*

Characteristics of Procaryotic and Eucaryotic
cells and of Anaplasma

Criteria Eucaryotic Procaryotic Anaplasma
Nucleus: Demonstrablc Demonstrable Demonstrable
with conventional only by special only by special
stains (e.g. Giemsa) procedures (e.g.; procedures
thin section
clectron micro-
scopy, staining
after hydrolysis
of' RNA, with phase
microscopy)
Nuclear Present Absent Absent
membrane: except during
cell division.
Membranous  Prominent in Undeveloped; Undeveloped
Organelles: cytoplasa 2.g. if present or absent.
mi tochondria, usually
endoplaamic clearly
reticulum). associated with
plasma
membrane.

#The Microbial World, 2nd Ed., Stainer et al. (1963)
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Using this new classification, Stainer et al. (1963)
grouped Anaplasma with the procaryotes; suggesting that
Anaplasma is not a protozoan. This suggestion has been
accepted in Bergev's Manual, &th edition 1974; where the

organisa is placed in the family Anaplasmataceae, in the

order Rickettsialcs,

Like rickettsia, Anaplasma are obligate intracellular
parasites which maintainltheir limiting membranes during
intraceliular growth stage. The parasite has thus been
described by Ristic (1966) as one which develops inside a
1imiting membrance in the host cell and preduces an inclusion
tody. Although inclusion bodies were commonly asscciated
with viral infectiona, Krier and Ristic (1972) had remarked
that inclusions may be formed by agents other than viruses.
Chlamydia, and Anaplasma were thus given as examples of such
agentzo, On the basis of the foregoing, Anaplasma is consie-
dered to boe a non protozoan organism, but rickettsial=like

(Bergey's Manual ol determinative bacteriology, 8th Ed., 1974),

Family Anaplasmataceae

According to the current edition (8th edition) of the
Bergey's Manual of determinative bacteriology (1974}, the

family Anaplasmataccac has been defined as obligate
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parasites found within or on erythrocytes or free in the
plasma of various wild and deomestic vertebrates. They do
not multiply in any other tissue. When blood smears are
treated with Giemsa's stain, they appear as red-shaped,
spherical, coccoid - or ring-shaped bodies, staining reddish
violet and measuvring 0.2 - 0.4 micron in diameter. They may
also occur in short chains or irregular groups in blood
plasma or within erythrocytes. Each organism is enclosed in
a menbrane, with internal structure resembling that of
rickettsiae, Multiplication is by binary fissiion. They
are Gram-negative and not acid-fast. Cultivation in tissues
outside the host has recently been reported (Marble and Hank,
1972, 1973; Hidalgo 1975). Transmission is mainly by

arthropods.

Some general characteristics of the genus Anaplasma.

When stained with Romanowsky - type stains, this
organism appears in the erythrocytes as dense, homogeneous,
bluish purple round structures, measuring 0.3 - 1.0 micron
in diameter. These structures have been revealed by electron
microscopy to be inclusions; and arc separated from the
cytoplasn of the erythrocyte of their host by a limiting

membranc, Each of these inclusions contains from one to
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cight subunits or ?iﬁitial bodies', which are believed to

be the actual parasitic form of the organism (De Robertis

and Epstein, 1951; Moulton and Christenasen, 1955; Espana,

1957; Foote et al, 1958; Ristic and Watrach, 1960a; Ristic,
1960b). These initial bodies are described as dense agrre-
gates of fine granular material embedded in an electron-lucid
plasma and enclosed in a deouble membrane (Riztic and Watrach,
1961). The initial body is reported to onter erythrocyte by
causing invagination of cytoplasmic membranc and subscquent
formation of a vacuole. In the cacuole the initial body
multiplies by binary fusion, to fourm an incluaion. During
acute and convalcscent phases of the infection, the formatioh
of the inclusion body is the one mostly encountered. No zpores
or resistant forms have been reported for the organism.
iowever, Pilcher et al, (1961) described the organism as
acrobic, and its production of catalase was reported by

Wallace and Dimopoullos (1965). Production of pigmenta has :
not beoen reported, but incorporation of amimo acids from
plasma in vitro by the organism has been described (Mason
and Ristiec, 1966). A comprehensive study of the higtoche-
mical analysis of thc parasites reveals positive reactions
for DNA, RNA, protein and corganic iron (Moulton and

Christenzen, 16955},
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Species of Bovire Anaplasmosis.

Differentiation of the genus Anaplasma into specics
has boen based entirely on host range, as well as the
location of the inc¢lusions in the erythrocytes. On this
" basis, threc different species of Anaplasma have been
described (Theiler, 1910, 1911; Ligniérés, 1914; Lestoquard,
1924; Yakimoff and Belawine, 1527; Neitz, 1957). These

specices are, Anaplasma marginale, Aneplasma centrale and

Anaplasma ovis (Table II). However, current Classification |

is in support of A. marginale and A. centrale as the two main

species of bovine Nnaplasmosis. Anaplasma ovis has been

described (Lestoquard, 1924) as the causative agent of the
diseasc in Shcep and Goats, but may infect Cattle, without
any disease being produced.

The two wvalid specics of bovine anaplasmosis are,

therefore, described below:-

Anaplasma marginale,

A. warginale is the most pathogeriic of thc three species
of the genus Anaplasma, and is the main causative agent of
bovine anaplasaosis. |

In the blood smears stained with Giemsa, it appears
as roddish vielet spherical, coccoid, dense homogeneous

structure, ueasuring 0.3 - 1.0 micron in deameter.



TABLE II

13

Differential charactcristics of species of genus Anaglaama

Species Hoat Location in Disease
erythrocyte
1. A. marginale Cow, Predominantly Severe
Decr, marginal. anaplasmosis.
2. A. centrale Cow. Predominantly Generally mild
Central. anaplasmosis.
3. A. ovis Sheep, Predoninantly Mild to
Deer, marginal. severe
Goats. disease.
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Other related species of wild ruminants such as
antelopes, deer, elk, black wildebeest, duiker, and blesbok,
as well as buffalo, have also been considered to be suscep--
tible to natural infectior (Mottet and Buck, 1931; Neitz and
du Toit, 1932: Boynton and Woods, 1933, 1940; Neitz, 1935;
Stiles, 1942, Honess and Winter, 19%6; Christensen, Usebold
and Rosen, 1953; !lowc and Hepworth, 1965: Peterson, Kistner
and Davis, 1973; Peterson and Roby, 1975; Vaughn, Renshaw
and Franlk, 1976).

The virulence of A. marginale for cattle is not
decreased by sub-passage in deer (Christensen et al, 1958).
Anaplacma isclated from deer was réadily passaged, by
innculation from dcer to calf, from calf to calf, from calf
to decr and from dcor to deer (Osebold, Christensen,
Longhurst and Rosen, 1959). Through these studieg deers
have becn incriminated as an important reservoir of

anaplasma infection. The antelope, Antilocapra americana,

had also been demonstrated to act as reservoir for
A. marpginale (Jacobson, Worley and Hawkins, 1977).
Bedell and Dimopoullos (1962, 1965) reported that the
infectivity of A. marginalc can be destroyed by heating
the organism at 50°C for at least 50 minutes or through

exposure to sonic oscillation at 35°C for at least 90 minutes.
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Infectivity of A. marginale can alsc be destroyed by exposurc
to Xeray doses of 100,000 roentgens or higher (Wallace and
Dimopoullog, 19¢5; Dammert, Wallace, Finnerty, Schrader,
Rogers, Gough, Canc and Dimopoullos, 1965).

Preservation of A. marginale in bovine blood, to which
glycerin has been added and frozen, can be for many months,
{Barnett, 1964). A more recent method of preservation by
lyophillization (freeze-drying) process was described by
Richey, Klicwer, Brock and Jones {(1973). These authors believe
that this latter method is more advantageous in terms of cost
and ghelf-life, than ordinary freezing, especially when the

material has Lo be used outside laberatories.

Anaplasma centrale. .

After the recognition of A. marginale, as.the main
causative agont of bovine anaplasmosiz, Theiler (1910a} desw
cribed a sceond disease entity, which is caused by a centrally
located, coccus~like body, closely resembling A. marginale.
These bodies were meost often seen in the centre of infected
erythrocytes. Theller firat gave the name A. marginale |
var ¢entrale, to thisg organiam. Later, Theiler (1917)
indicated that A. centrale should be considered scparate and

distinct from A. marginale. He also reported that double
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infections of A. warginale and A. centrale were coumonly
encountered in natural iafections on the veld of South
Africa. The charactcr of the disease produced by A. contrale
in pure infections was considered milder than that produced
by A. marginale (Vheiler, 1911b). Thailer nlso observed that
recovery from A centrale resulted in ismunity to subseguent
exposure tou f. coentrale, and an increased resistance,
although not an absolute Lmmaunity to A. marginale infections.
_. Carpano (1932); Scrgent, Donatien, Parrot and
Lestoquard (19233, 193%); Omlin (19234); Legg {1936); and
Donatien (1952) have confirsied Theilerts observation that
the infection produced by &. centrale was milder than that
produced by A. marginnle. In 1966, Kuttler in his comparative
study of the two species, aloe demonstrated that A. centralc
was responsible for o milder ¢linical manifestation than Past
African A. marginale infections. However, he observed minor
differences in virulonce when A. contrale infections werce
compared with Fevada and Beltsville A. marginale infections

in splonectomised calves.

- Transmisaion

Although A. marminale has been constantly desonstrated

to be proscnt in the blood of infected or recovered animals,
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the exact means by which the disecase is perpetuated in nature
is still not fully understood., It is generally believed that
agents capable of transmitting minute quantities of blcod
from infected to susceptible animals are responsible for ils
spread. These include: ticks, horse-flies, mosquitoes, deer-
flies, stable-flies and other biting and blood sucking
insects. Some of these are considered to be biological
vectors, while others are regarded as wechanical transmitters.
Mechanical transmission, apart from that by arthropod |
vectors has been reported to occur through accidental or
artificial incculation of susceptible animals by means of
contaninated needles and surgical instruments (Ristic, 1960;
MeCallon 1976). This mode of transmission usually accounts
for disease cepisodes out of szeason. Similarly, Swift and
Paumer {1976, 1972) have proved that vertical (transplacental)
transmigsicn of A. marginale in pregnant carrier heifers )
could occur. |

Biological Transmigsion: Ticks are the only recognised

- blological vectors of A. marginale.
Dikmans (1933a), while analysing results of the
trapsmission studies reported by Smith and Kilborne (1893a,b)

on arthropod ftransiission of piroplasmosis in cattle, had
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concluded that they had {ransmitted both anaplasmosis and

pircplasmosis with Boophilus annulatus. However, the failure

to eliminate anaplasamosis in the United States of America
by eradication of B. annulatus had shown that the digease 1s
perpetuated by agents other than B. annulatus. Consequently,
various other ticks have now been demonstrated experimentally
to transmit A, warginzle through transstadial, or transovarian
transmission. ({3ee Table 11X}. In most of these tick species
transstadial transmission had been reported (Ress, 1933, 1934;
Boyton, Herns, Howell and Woods, 1936; Sanborn, Stiies
and Moe 103%; Rezeboomn, Stiles and Moe, 1040; towell, Stiies
and Moe, 1941a).

According to Dikmang (1950), transovarian passage of
A, margipale from an engorged female tick through the egg to
the larval stage has been accomplished under experimental

conditions by Boophiluis anbulatus, B, deccloratus, B. microplus,

Dermacentor andersoni, P, occidentalis, Ixedes ricinus and

Rhipicephalus sinus. However, there are conflicting reportis

about the possibility of hereditary transailssion of A. marginale
by ticks, especially with D, andersoni and 2. variabilig.
Howell et al (1%47a! first reported hereditary transmission

with larval progeny of engorged female D. andergoni. JHowever,
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TABLE III

Biological Transmission of A. margénale

By Ticks

Vector

References

Boophilus annulatus

Boophilus decoloratus.

Rhipicephaluc gimug,

Ixodes ricinus,

Dermacentor andersoni.

Demacent.of_ variabilis

Dermacentor occidcntaliq.

Smith and Kilborne (1893);
Kosenbusch and Gonzalez (1927);
Brumpt (1931).

Theiler (1912b; Rees (1934).
Theiler (1912b).

Helm (1924); Zeller and Helm
(1223).

Rees (1933, 1934); Boynton
et al. (1936); Howell et al.
T19%1a).

Reea (1932, 1934); Sanders
(1933).

Boynton et al. (1936);
Herms and Howell (1936);
Christensen and Howarth (1966)
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various workers (Reez and Avery, 1939; Rozeboon EE.EEJ
1940; Ristic, White and Sanders, 1957a; Anthony and Roby,
1966; Howarth and Hokamma, 1973} have failed t0 demonstrate
hereditary transmission of A. marginale with D. andersoni
ané D. variabilis.

The failure to demonstrate anaplasmosis transmission

with Amblyorma awericanum, as earlier reported by Rees (1934),

Samborn and Moe (1334}, Piercy and Schmidt (17941), was also
confirmed by Anthony and Roby (1966). After testing all
stages of its development with both clinically infected and
carrier cattle they then concluded that A. americanum
cannot be ¢onsidered an important vector of anaplasmosis.
In Africa, especially in Kenya (Kane, 1976), Nigeria
{Mohammed 1974; Moharmed and Ilemobade, 1776} and Zambia

{Akafekwa, 1676}, only the Boophilus sp and Rhipicephalus

8p. have been linked with the transnission of anaplasmosis. -
No critical studies to prove their mode of transmission
have been reported.

Mechanical Tranaswmission: Ticks, as well as other

biting and sucking arthropods have also been regarded to
transmit A. marginalc mechanically, through their habit of

feedling intermittently on both infected and uninfected
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aisceptibleanimals. Through accidental or artificial means,
human beings have also been incriminated to mechanically
transmit the organism by the use of contaminated equipment.
Ristic gt al. (1957a), in their attempt to trace Anaplasma in
adult D, variabilis, using Feulgen and Flourescent

Antibody Techniques, demonstrated that ticks can also

transmit anaplasmosis mechanically. The organisu, A.marginale,
was demonstrated in the ingested erythrocytes for 4 days
following feeding by the ticks during which apparent degestion
of the erythrocytes had taken place. Anthony and Roby (1966)
reported that at least 9 species of horse-flies (Tabanus sp)
and deer-flies (Stomoxys sp), two genera of mosquitoes and
stable-flies, transmitted A. marginale nechanically under
experimental conditicns.

Experimental evidencc of successful transmission of
anaplasmosis by Tabanus spp. was first reported by Sanborn,
Stiles, !loe and Orr (1930) and Lotze and Yiengst (1941).

Their findings were later corroborated and summarized by
Howell et al. (1941a). They showed several species of
horse-flies capable of transuitting the disease: Tabanus

sulcifrons, I. abactor, T. venustus, T. equalis, T. erythraeus,

and T, oklahomenis. Transmission was most readily accomplished
if tabanids were allowed to feed partially on the blood of

animals affected with clinical anaplasmosis and transferred
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shortly thereafter to susceptible animals to engorge
themselves, Carrier cattle apparently can also serve as
a source of infectionr to horse-flies (Lotze, 1944).

Sanders (1933) showed T. fumipennis and Stomoxys

calcitrans as experimental vectors of anaplasmosis. Morris
et al. (1936) added T. atratus to the list of vectors.
Experimental transmission of anaplaswosis by mosquitoes
was demonstrated by Howell et al. (1941b). They selected for
their study, the genus Pscrophora, which was suspected of
being capable of transmitting the disease bucause of its
habit of breeding in transient pools in the vicinity where
cattle graze and because of large size and voracious
feeding habits. 1In one instance, 1,500 specimens of

P. columbiae and P. ciliata, which were permitted to feed

alternately on a clirical case of anaplasmosis and a
susceptible animal, transmitted anaplasmosis, Pogitive
transmission to other susceptible animals resulted from a
similar procedure using 3 species of mosquitoes, F. ciliata,
P. columbiac and, Aedes acgypti.

Bhat and Singh (1971) and Mazzola, Amerault, and Roby,
(1976) first succeeded in demonstrating A. marginale in

cell culture of Aede albopictus. Mazzola et al. (15/6)

further reported that the parasite remained viable, as
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determined by calf inoculations, for 21 days.

Accidental transmission of A. marginale involves means
other than by arthropod vectors, excluding deliberate |
transmission for the purpose of premunization. This however,
involves man, as the principal agent, Man accidentally
transmit the organism through the use of contaminated surgicai
and other penetrating instruments, |

The ease with which minute quantities of infected
blood can cause infection in susceptible cattle by manual
manipulation has been demonstrated by Rees (1930b). He
transmitted the disease with a lancet used to puncture the
ear vein of an infected animal which was subcutaneously
ingerted into a susceptible animal,

Occurrence of anaplasmosis following unsanitary
dehorning has been reported by Hilis (1928}, Stiles (1936),
and Moe Stiles and Howell, (1940), respectively, Evidence
was also adduced by Boynton {1932) that contaminated surgical
instruments could aid the spread of the disease. This, he
proved by using the same needle to collect blood for
brucellosis test, as well as in the administration of

vaccines in a herd that contained carrier animsls for

A. marginale.
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Intra.-uterine Transmission: Abortion in cattle as a

sequella to anaplasuosis has been reported by Fincher,
Gibbons, Mayer, Xarl and Park (1956), and Gansanov (1968).
TIn one report fro. South Africa (Bird, 1973) and another
from East Africa (iJandara and Munyua, 1971) active
infections by A. narginale in neonatal calves were noted.
Fincher ct al. (1956), therefore, suggested that transplacen~-
tal tranamission of the organism occurred in these cases,
since anaplasmosis requires a lengthy period of incubation
lasting up to two menths. This fact had earlier been indicated
by Dykatra, Lienhardt, Pyle and Farley (1933), that calves
may becomc infected with anaplasmosis l'._rl-_l:l_i_:_t_em.

Piercy (1956) and Mott (1957) studied a number of
calves born of infected dams, but failed to prove the existence
of ig_ggggg_tran&eiasiou in anaplasmosis. Recont studies
conducted by Fowler and Swift (1975), Swift and Paumer (1976)
conclusively proved that transplacental transmission of the
organisn occurs. These authors concluded that the organism
apparently crusscs the placenta within 15 days following
inoculation into pregnant heifers or cows. They, however,
suggested that acute infection during gestation may be a

necessary requiremeni for transplacental transmission to occur.
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[

They opined that, if the foetus becomes infected with A.
marginale and survives until parturiticn the neonatal calf
may serve as a reservoir of infection. In conclusion, they
believed that this may become important in the transmission
of anaplasmosis, contrary to Ristic's (1960) opinion that

in utero transmission is apparently unimportant in the spread

of the disease.

Cultivation of Anaplasma in cell cultures

There have been many unsuccessful attempts to cultlvate
A. marginale in cultured cells derived from several species
of animals, including cattle (Veglia, 1915; de Faria, 1928;
Dikmans, 1933b; Dykstra, Roderick, Farley, McMahan and Splitter,
1948; Rossi and Triozon, 1953; White and Ristic, 1957;
Ristic et al. 1957b; and Dimopoulles, 1959). More recent
studies have indicated some successes in this direction,
Marble and Hanks (1972) reported infecting an intact
calf with material that had been continuocusly propagated
{20 passages, 1 passage each week) in primary rabbit bone
marrow cell culture. In 1973, they reported recovery of
A. marginale isclates in both primary and stable rabbit bone
marrow cell cultures. Success of these isclations was based
on infection of susceptible cattle after 5 to 16 once - a -

week passages. They, however, failed to demonstrate the
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organism in the culture by Romanowsky and acridine orange
stains,

Trueblood and Bear (1973} reported on the multiplication
of A. marginale in bovine lymph node (L) explants and organ
cultures. Unlike, Harble and Hanks {1972), they demonstrated
the organism in culture by examining Giemsa - and Fluorescent
antibody--stained smears., They, however, stated that the
reliability of thcse smears for demonstrating the organism
was poor.

In 1975, Hidalgo propagated A. marginale in cell
cultures derived from bovine lymph node, similar to that
of Trucbleod and Bear (1973). The host cells Wwere, however,
trecated with diethly-launine-ethyl dextran before inoculation.
This resulted in significant numerical increases of A,

' marginale. The dircet flourescent antibody technique (FAT)
Was used to detect the organism in culture, while the

standard wicroscopic count procedure was empioyed in obtaining
numerical estimates of the organism in cell culture, The
Success recorded herc sceoms to be an inprovement on the
earlier reports by Marble and Hanks (1372, 1973a,b) and
Trueblood and Boar {1973) where difficulties had been reporfed
in demonstrating wultiplication of the organism through

staining metheds,
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Although various arthropods have been incriminated as
vectors of A. marginale over the past one century, attempts
to propagate it in insect cell cultures was not successful
until 1967, wher Singh derived cell cultures from larvae of

mosquitoes (Aedcs albopictus and Ae. aegypti). Bhat and

Singh (7971) in their characterization studies of cells in

Ae. albogic.*.uu cell cultures, demonstrated A. marginale bodies
in an infected erythrocyte. Mazzola et al; (1976) introduced
infected bovine erythrocyte with A. marginale into ccll cultures

from the mosquito Acdes albopictus. They demonstrated that

A. marginale cnters cell of Ac. albopictus in cell culture
through phapgocytosis of infected erythrocytes. The parasite
was demonstrated to be viable for 21 days, based on calf ino-~
culation.

From the forepgoing, it could be said that laboratory
animals, as wecll as other blood sucking arthropods may in future
assume greater Lmportance in the propagation of A marh'ina.le.

In fact, it may become more difficult in Nigeria, te contreol

the diseasc, since mosquitoes and other biting arthropods abound
in far higher proportion than even ticks, Any efforts to
control the propagation of A, marginale, may require the

control of thesc vectors, as well.
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The Pathogenesis of Anaplasmosis in Cattle

Anaplaspe marginale has been recognised as the main

pathopenic species of bovine anaplasmesis. The severity of
the diseasc in cattle, could be described &s mild, peracute,
acute and chronic., JVery minute quantity of an infected

bleod is required to canse infection in a susceptible animal.
Roby (1962), has doscribed that as little as 0.0071 ml, of
blood from a carrier animal has resulted in infection of a
sugsceptible animal. nh most casos the regulting disecase is
mild in young animalz, while greater severity has been noticed
in adults. The morbidity rate is usually high in outbreaks,
but the mortality rate varies widely depending on susceptibi-
lity, and may be up to 50 per cent or more in animals newly
introducad from anaplasma-frec area into an endcomic one,
Animals that rocover from the diseasce are usually emaciated
and have a prolonged recovery periocd.

Incubation Perdod: An incubation period of between

21 to 42 days, averaging about 30 to 40 daya, have been
described (Mott, 1957; Roby, 1962; Jones and Norman, 1962;
MeCallon, 1978). Mokt (19%7) defined the incubation poriod
of anaplasmosis az thoe Interval between the tine of eupoaure
and the tinmo the first warginal bodies are detectable in

stained blood filis which is the prepatent period. This
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period correlates highly with the size of the infecting dose.
The higher the infecting deoge the shorter the incubation period
and vice veraa. Under field conditicns, the incubation pericd
averages 3% days.

Clinical Signa: The onset of the diseasc is character-

ised by increase in body temperature, inappetence, ruminal
stazis, weakness and lower production. Temperature as high

ag IOSOF {40.5001 way be obaserved. The continuous destruction
of arythrocytes by the invading parasites leads to progressive,
sevare anaemia and icterus, Venipuncture usually reveals

thin watery blood, The mucous membranes of the eyes and the
vulva of the female become icteric, and marked pallor of the
skin could be cbsorved as well. Theace obaervalions are pap..
ticularly apparert after the acute stage is passed, but
hemoglobinuria is usnally absent.

In advanced cases, restlessnessg, muscle tramors, weight
loss, dehydration and recumbency may occur. The faeces are
Trequently hard and bile stained. Although diarrhoea hasﬁ
been reparted (Jones and Norman, 1062} te occur early in the
disease, such wan obsorvation appears inconsiatent with other
clinical signs seen in anaplaswmogis, | |

dnimals infected in advanced prepgnancy, frequently

abort {(Honning, 1956; Jones and Norman, 1962; Christensen,
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1963; Fowler and Swift, 1975), while temporary infertility
has been observed in bulls (Jones and Norman, 1962).

Convalescent Period: Clinical convalescence occurs

prior to the development of maximal anaemia and period of
maximal parastacria. It commences with drinking of water

and return of appetite and body temperature to normal.
Icterus usually persist in some animals during this period
(Brock, 1951), wnile some animals may have deprived appetites
and ecat dirt (Yenning, 1956; and Christensen, 1963).

Pathological Findings: The pathological findings of

the disease usually include hematological observations,
as well as gross anatomical and histological changes of
the disease,

Haematological findings, include anaemia, hemoglobinemia
and reduction in the oxygen carrying capacity of the blood.
During the anaemic crisis, increased osmotic and mechanical
fragility of thec erythrocytes have been reported (Ristic,
1960; Jenes and Brock, 13966). These are said to be
associated with anisocytosis, poikilocytosis, hypochromasia
and polychromacia that are observed at the peak of the
disease. A closc correlation between severity of the
diseasc and the porcentage of parasitised erythrocytes,
particularly during the clinical stage have also been described

(Ristic, 1960).
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Leukocytosis is commonly observed during the acute
stage of the disease. During this stage, bilirubinemia is
consistently »bserved, while faecal urcbilinogen wvalue is
al=o elevated,

In some cagses nitrogen content, as well as uric acid
nitrogen of the blood are greatly reduced, while nonuprotein.
nitrogen is usually iacreased. Increase in blood urea nitrogen
as well as sugar content was also reported by Graf (1933},
while increase in amino acid usually occcur shorily before
death. Rossi et al. (1956) reported & reduction in calcium
and a rize in cholesterol level of the blood.

Commonly observed gross changes consist of anaealc
and ictoric mucous weowbranes, enlarged spleen, and
distended gmall bladder. The subcutancous tissues have a
yvellow, gelatinous appearance. The cut surface of the
enlarged splean shows dark, protruded parenchymatous tissue.
The liver may be enlarzed and umottled with rounded border:,lﬁ
while the cut surface varies from brownisheyellow to
saffron-yellaw.

Petechial henorrhages may be obaerved on the
Eepicar-dium, pericardium, pleura, and diaphragm. The

lymphatic glands arc generzlly moderately swollen and moist
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on gsectlon. The colon and rectum may contain a considerable
quantity of thick, mucous material together with hard pellets
of mucus~ceated faeces. Other organs, inciuding the lungs,
kidneys, and genitaila are usually normal, except for the
icteric condition.

Histologically, various findings involving the bune
marrow, splonic corpuscles and prominent hepatic changes
have becn discussed by Ristic (1960). Various stages of
prolifaration arce usually scen in the reticular cells,
composing the stroma of the bone marrow. The splenic
corpuscles are seen with a decreased lymphoblasts, with
increased vacuolea and degenerated reticular cells,
Leukocytic infiltration of Glisson’s capsule, dilation of the
portal veins, and swollen endothelial cells, are smongst |
the prominent hepatic changes usually seen.

Diagnosis: The diagnosis of acute anaplasmosis is
usually based on clinical signs, history and age of the
affected animal, az well as, microscepic demoastrotion of
the organism in Gicmsa-stalned, thin blood smears. In
chronic infectiong microscopic detection of the organisms
may fail to establish the discase, since the organiams are
not so readily detectablce or identifiable duc to very low
parasitaemia, if any. In such cases, diagnosis may depend

on serological tests.
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Serological Tests: Serological tests have been

successfully employed in anaplasmisis. These serological
tests are; the complement fixation (CF; Mohler and Gates,
1952; Gates, et al 1954a,b; 1955; Rogers, 1971; Todorovic,
1977}, the capillary tube agglutination (CA; Ristic, 1962;
Rogers, 1971}, ond the rapid card agglutination tesi (CT;
Amerault and Roby, 1968, 1971; Amerault et al, 1972; Amerault,
1973).

The CT is the moat recantly described of all thesc
seroleogical tesis {Amerault and Roby, 1968). However, only.
the agglutination reactions rceported in both the CA and the
CT appear to be papticularly suitable for field diagnogis of
A. marpinaie, due to their simplicity and practicability.
The CF and FA tests are restricted to laboratory diagnosis,
due o the complexity of the techniques and equipment nece-
ssary for their perforaance (Mohler and Gates, 1952; Price,
Poelma, Hastings and Mitchell 1953; Gates, Hohler, Mott,
Poelma, Price and Mitchell 1954a; Gates, Mohler, Hott,
Schoening, 1954b; Gates, Roby and Mott, 1955: Pearson, Bbéck
and Kliewer, 1055; derriman, Bucker and Hobbs, 1962; and
Rogers, 1971).

Through various comparative and field evaluation v

studies, the €l has proved to be the most rapid, simple and
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adequate serological test for diagnosing both acute and chronic
anaplasmoasis and for field survey (Christenberry and Alley,
1972; Alley and Christenberry, 1973; Tedorovic, Long, and
Melallon, 1277; Patarroyo and Diazgranados, 1973). In Nigeria,
the successiul utilization of the CT in studying the disease
prevalence has been reported {(Obi, 1978; Jagun, 1979).
Therefore, the T has been proved to be an acceptable serclo-

gical techniqua for diagnosing bovine anaplasmosis,

" Control of the Digease

The control of the disease in endemic areas is directed
againat the control of the vectors on the host, as well as,
immunization of the host against further challenge by the
vectors, In some areas a combination of elimination and or
treatument of the carriers have been practised, while prophy-
lactic feeding of tetracyclines has been used in contrelling
the diseasc in some carrier cattle.

Control of the vectors on the host: The control of

gpecies of ticka and blood-sucking arthropods responsgible
for transeission of A. marginalc to cattle on open ranches
and farms is based on the use of acaricides. These are
usually employed in cpray races or dip vats.

Other methods of applying these chemicals include,

dusting, fogging and hand-dressing. Fogging, apart from
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being expensive, 1s not efficient; while dusting is not
effective for controlling ticks on cattle, its use is
restricted to only domestic pets, chickens and sheep. Only
hand-dressing, dipping and spraying are generally effectively
used in many parts of the World.

In Nigeria, hand-application and hand-spraying are the
most widely accepted methods practised by the nomadic cattle
rearers, whoe control the majority of the cattle population.
However, machine spraying and dipping have been used mostly
on Government ranches. These latter methods are gaining
grounds with some individuals who now set up modern cattle
farms. This notwithstanding, greater efforts are still
required to educate and persuade majority of the cattle owners
on the need to repularly control these vectors.

Immunization of the host: In most parts of the World

where anaplasmosis is endemic, greater attention is now been
given t the control of the diseasc through immunization
of cattle.

At present premunization constitutes one of the most
reliable means of immunizing against anaplasmosis.
Premunization can be achieved artificially by infecting blood
from reacting or carrier animal into susceptible ones. Severe

reactions frequently occur following attempted premunization
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in cattle, but these reactions can be controlled by drugs.
The objective of treatment iz to achieve premunity, which
is referred to as non-sterile immunity, which persists as
long as the infectious organism remains present.

Theiler (1911) described the use of Anaplasma centrale

to induce premunition and protect agalust 4. marginale
infection. This subsequently led to the use of A. centrale
as a premunizing vaccine in some parts of the tropics,
especially in Asia and Africa. Schmidt (1937} successfully
used field isolates of A. marginale for premunizing cattle
 against anaplasmosis in the United States of America., This
stethod consisted of injecting blood frow known carriers into
susceptible Anaplasma-free cattle,

In endemic areas of the tropics, field premunization
hf natural vectors ig known to occur at arn early age in
cattle {Kuttler, Adams, and Zaraza, 1970;. These young
animals because of their innate resistance, normally develop _
premunition following their recovery frow such infection.
Conscquently, they are said to be protected
from future acute infections. However, any introduction of
Anaplasma-free adult cattle into such areas is often met

with severe losses {Kuttler and Toderovic, 1973). To prevent
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such losses some form of immunization are required.
Consequently, vaccination of cattle, using various forus
of the organism was developed.

Chemo-immunization in anaplasmosis: The process of

chemo-immunization is the inoculation of susceptible animals
with virulent strains of the causative organisms, where
reactions that follow are contrelled by specific chewmotherapy.
In some tropics, where A. marginale is endemic, this
method has been recommended for immunizing cattle against
babesiosis, anaplasmosis, theileriosis, and heartwater
{Kuttler and Todorovic, 1973; Todorovic, Lopez, Lopez and
GConzalex, 1975; Ilemobade, 1978; Aliu, 1980).
Imidocarb, Gloxazone and Oxytetracycline have been
employed in controlling post premunization reactions in
A. marginale. Recent studies have shown that the combination
of gloxazone-oxytetracycline therapy is more effective
than either Imidocarb or Gloxazone when administered alone
{Todorovic and Tellez, 1975). However, the use of this
combination is not practicable under field condition.
Consequently, oxytetracycline therapy is generally used to
control post inoculation reactions against anaplasmosis.

Vaccination as a means of control: Vaccination

involves the introduction of living, attenuated or killed
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strains of the organism (A. marginale) into susceptible
cattle. In response, a nonfatal, but latent infection or
carrier state is produced, which protects such vaccinated
cattle against further A. marginale infection.

An attenuated Anaplasma marginale vaccine which has been

reported in the United States did not protect animals against
challenge. It produced clinical signs of the disease in

some vaccinated animals, particularly aged, lactating

dairy cows (Norman 1973). In view of this fact, and

because of possibility of the organism reverting to its
original virulence, the vaccine was not licensed by the

USA government.,

An inactivated vaccine against anaplasmosis in cattle
had been reported (Kuttler, 1961; Brock, Kliewer and Pearson,
1965). The vaccine contains disintegrated Anaplasma material
prepared from the erythrocytes of acutely infected cattle,
incorporated with an oil adjuvant suspension immediately
before use, This vaccine is available commercially in the
United States of America, wherc its inability to prevent develop-
ment of the carrier state in cattle naturally infected has
been observed (Hidalgo, 1974). McHardy and Simpson (1973)
reported another killed vaccine, prepared from a Kenyan and
a South African strain of A. marginale, which they suspended

in Saponin as adjuvant.
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They reported that these preparations delayed the onset and
in some cases reduced the severity of the disease, but did not
prevent the occurrence of the disease,

The greatest disadvantage of the inactivated vaccine
is that inoculated cattle produce isoantibodies directly
against erythrocytic antigens in their erythrocytes. The
iscantibodies are concentrated in the colostrum of any vaccinated
pregnant cows. When calves suckled such dams, scvere hemo=-
lytic anaemia with accompanying icterus is usually produced.
This disease is commonly called neonatal isoerythrolysis (NI)
and was first reported in the United States of America in
1970 by Dennis, O'Hara, Young and Dorris, Therefore, the use
of inactivated vaccines as means of contrelling anaplasmosis
has been limited by the threat of high mortality of calves
associated with neonatal isoerythrolysis.

Treatment of acute anaplasmosis: Of all the drugs

reportedly used in treating acute anaplasmosis (Table IV)
only the tetracyclines have been found consistently effective.

Other chemotherapeutic compounds used, as adjiunct to
the therapy of acutc anaplasmosis include a variety of

hematinics, blocd transfusions and good nursing care,
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These are used mainly to eliminate stress and alleviate
anaemia, until such a time when the immune mechanism and
hemopoietic system of the host could adequately respond to
the infection. However, there are conflicting reports as
regards the importance of blood transfusicns in the
treatment of the clinical disease. Despite successes
recorded by some workers (Lotze, 1947; Dykstra et al, 1948;
Koger, 1954). OCthers like Carricaburu (1956; Brock, 1959},
and Franklin and Schmidt (1954) suggested that ita use must
be with great caution to avert any eventual less, While
careful nursing of the alling animal throughout the course
of the digease, with a minimum of disturbance, has been
suggested to have a favourable influence on recovery,

The Tetracycline Compounds: These compounds include,

Chlortetracycline (Aureomycin), Oxytetracycline {(Terramycin)
and Tetracycline hydrochloride (Polyotic).

Chlortetracycline has been reported to possess inhibitory
affect on numerical increase of anaplasma body, when administered
during the first few days of the infection (Foote, Brock and
Gallgher, 1651a; Miller, Levy, Torbert and Ogle=sby, 19R2;
and Oglesby, 1954}, It has been found ineffective when
administered late in the course of the infection. However,

elimination of the carrier state of
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TABLE IV

Various drugs that have been employed in the

Chemotherapy of acute Anaplasmosis

Brug

References

Arsenicals, antimalarials,
antimony derivatives & dyes.

Sodium cacodylate.,
Neoarsphenanine.

Paludrine and
quincline diphosphatc.

Acaprin.
Aralen

Aricyl.

Tetracycline conpounds:

Chlortetracycline
(Aureomycin).

Oxytetracycline (Terranycin).

Tetracycline hydrochloride.

Miller (14956)
Boynton et al. (1937)

Sotomayor (1948)

Farley et al. (1949a, 1950)
Pulling (1949)
Pearson (1950).

Smith and Howell (1944);
Farley et al. (1949b).,

Foote et al. (1951a);
Miller et al (1952);
Foote and Wulf (1952);
Brock et al. (1953);
Oglesby (1054).

Miller et al. (1952);

Farber T11955);

Christensen and Harrold (1956);
Carricaburu (19y56).
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tﬁe.infectibn through massive feeding of the drugs has been :
reported {Franklin, Cook and Anderson 1966; Fraiklinr, Cook,
Anderson and Kuttler, 1967; Franklin, Huff and Grumbles,

1965" . |

Oxytetracycline has also been used with success both

experimentally and in treating natural cases of anaplasmesis.
Miller et al. (1952), Farber (1955}, Christensen and Harrold
{1955}, and Carricaburu (19546} reported inhibition aof

anaplasma organisn, similar to the effect recorded for
Chlortetracycline. 1In addition, they reported that it must be
administered early in the courseof the infection, if any success
is to be achieved,

Carricaburu {1956, indicated considerable succesas in |
treating naturally occurring field cases with Oxytetracycliné
at 3 rg/lb. body weight, given intramuscularly {im). Similar
success had early been recorded by Brocl et al. {(1955) with
tetracycline hydrochloride, when used at the rate of 3 mg/lb.
im. In the recent times Oxytetracycline (Terramycin) has been
adrrinistered successfully either iv or i, at the rate of
10 mg/kg body weighit for 2 to 3 days for combating acute
anaplasmosis.

. Althcugh these tetracyclines have been iun use for the

past three decades; their use in the therapy of anaplasmosis



43

has been limitad to only routine practice, due to their high
cost. Consequently, the guantity usually administered for
therapeutic purposes, agalnst acute infection, is such that
1t produces only a suppression of the causative agent, thus,
leading to the production of carriers capable of spreading

the disease.

Treatment of Carrier Infections to eliminate Anaplasna

Soon after the tetracyclines have been observed to

inhibit the growth of Anaplasma, other cxperiments were

 conducted to evaluate the pogsibility of emploving tham in

eliminating carrier infections {Foole and Walfl, 1952; Splitter
and Miller 1953; Brock et al; 1953, 1958; Pearson et al. 1957;
..Franklin, Coole, Anderson, and Kuttler 1967; Roby, Auerault '
and McCallen, 1970). These experiments indicated that such
therapy would elininate carrier infection; but only after
prolonfed administration of Tairly large awounts of the drugs.
Pearson gt al. (1957! have reported success in
eliminating the carrier status of anaplasmosis through the iv
or the im injections of 5 mg/lb. tetracycline given 10 times
at daily iatervals. The Injection of oxytetracycline and
chlortetracycline has also been reported to be effective when
administered for 12 to 16 days, at the rates of 6§ mg/lb. and

15 mg/ib. iv, respectively, (Splitter and tiiller, 1953).
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Oral application of chlortetracycline for a prolonged
period hags been reported. Franklin ¢t al. (1967} reported
that the smallest quantity of chlortetracycline that has
been effective in eliminating infection was 0.% mg/lb., when
fed oralliy for a 120 - day peried. However, a gimilar
gxperiment, using 0.5 mg/ib. orally for U0 days failed to elimi-
nate the organism, but led to containment of the disease
{(Collins, Scales, Hoffman and Roberta, 196Z; Scales, Colliﬁs;
Hoffman and Roberts, 1962).

Although oral treatment with low levels of chlortetra-
cycline may be effective, its eflfectiverass is dependent on
the quantity consumed, as well as whether the animal is
continuously exposed to the infection or not. For these
reasons Chlertetracycline levels higher than 0.5 mg/lb, daily
" are generally used, Thus, a treatment consisting of 5 mg/lb,
daily for 30 to 60 days has bheen reported generally successful
(Franklin, Huff, and Crumbles, 1965; Twiehaus, 1962; Roby et al,
1970!}. However, the prolonged pericds of treatment, the expense
of these drugs and labour reaquired in the supervision during
treatment led to the search for a better system of earrier
glimination.

Apart from the tetracyclines, cther compounds that

have been developed and tried im the treatment of carriers
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TABLE V

Drugs that have beea tricd in the c¢limination of
carrier infection for Anaplasmosis

———— ¢ &

Drugs

e e —

Oxytetrecycline

Chlortetracycline

Gloxazone

Imidocurd

S e — . — o ——

References

Splitter and !'ftiller (1953);
Pearson _;e_g_a__l_. (1957).

Splitter and Miller (1053);
Colling et al. (1962);

Scales et al. (1962);

Twiehaus (1962);

Franklin, Huff & Grumbles (1965);
Franklin et al. (1957);

Roby et al. (1970).

Barret et al. (1965);
Brown et al. (1968);
Roby et al. (19€8);
Yuttler & Adams (1970;
Kuttler & Zaraza (1970};
Kuttler (19712,b 1972).

Kuttler (1971b);
Roby (1972);
Roby & riazzola (1972).

. ———— B e e e —
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inelude, Gloxazone and Imidocarbt, which are described below:

Gloxazone (Alpha-ethoxyethylglyoxal-dithioseni carbazone)

Gloxazone is an inscluble powder which is prepared as an ageous
suspension. It has been reported to have specific activity
against Anaplasma (See Table V),

The use of Gloxazone only at the rate of % mg/ke. iv met
with several disappointing results. Many of the animals s0
treated died of toxicosis. However, the addition of oxytetra-
cycline (11 mgs/kg? to gloxazone (5 mg/kg) given iv simultanecusly
was reported to be successful {Kuttler, 1971a,b; 1972).

Despite the success of this combination, the difficulty to be
encountered in practice and possibility of after-effect
following its administration may not lead many practitioners
to accepting it. In fact due to its toxicity in experimental
animals the drug was never introduced into the market. e

Imidocarb {3',3-bis~C., imidozalin-2yl carbanilide)

2

. Imidocarb is a white power, readily soluble in water;

originally recognised for its babesiacidal avtivities,

Its use in anaplasmosls has been reported to be promising
(Kuttler, 1971b; Roby, 1972; Roby and Mazzola, 1972),

| Imidocarb given at the rate of 4,5, and &6 mg/keg im, on

three successive days, has successfully eliminated the

Anaplasma carrier status in splenectomised calvea (Kuttler,
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1971b). Similarly, Roby and Mazzola (1972) had reported that
Imidocarb at 5 mg/kg im, was successful in adult carrier
cattle using twoe injections at 2 weeks intervals.

The addition oi Gloxazone (at 5 mg/kg, iv) to Imidocarbd
(at 2 mg/kg, im) appeared compatible and has been effective
in eliminating Anaplasia with reduced dose rates of luwidocarb.
However, the combination of Oxytetracycline with Imidocarb was
reported unsuccessful in eliminating the carrier status of
anaplasmosis (Kuttler, 1971b).

From the foregoing, it is pertinent to infer that no
single drug has yet been found suitable in the elimination
of carriers for anaplasmosis. Even the technical procedure
involved in the use of their resultant combination (gloxazone -
Oxytetracycline; and gloxazcene - imidocarb) has sericusly

limited their practical application,

Bovine anaplaamosis in digeria

In dNigeria, there is dearth of data on the epidemiology
of bovine anaplammosis. However, few clinical cases have
been reported throughout the country, mostly in exotic breeds
and those cattle raised under rigid tick control programme
(Folkers and Kuil, 1.67: Folkers, Kuil and Perie, 1967; Buys
and Folkers, 1970; Folkers, Buys, and Blotkamp, Van Hoeve and

Kuil, 1970; Dipecolu, 1975).
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Anaplasma marginale was first detected In Nigeria in

1927 at the Federal Deparitment of Veterinary Reaearch at Vom
near Jos (Leeflang, 1977a). However, there ia no report on
the occurrence of A, centrale, although circumstantial
avidence indicates it may be present (Leeflang, 1977a).
Anaplasmosis was also reported to be very common in cattle
suffering from other discases or recently immunized against
rinderpest; though uncomplicated anaplamosis has occasicnally
been observed in young calves. Congenital infections of A.
marginale have also been described (Leeflang, 1977al. |

On the basis of microscopic detection method, Folkers
EE.E&‘ {1970) reported a prevalent rate of 9.9% of A. marginale
. from a total of 656 White Fulani (Bunaji) cattle presented for
treatment against trypanosomiasis in Kaduna 3tate. On the
other hand, using similar method as Folkers EEHEL' {1970,
Dipepolu {1975} recorded a higher prevalence rate of 17.7%
”ﬁ in a total of 1175 samples collected from slaughter cattle '
at abattoirs in Ibadan, Ilorin, Kaduna, Kano and Jos; showing
that there is difference between pastoral nerd and those usually
sent to slaughter (Trade cattle, mostly). Obi (1978), using
the rapid card agglutination technique reported prevalence rate
of 34% in 573 trade cattle {Zebu) slaughtered in Ibadan; While,

Jagun (1979) employing the same technigue obtained 40.5%
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prevalence rate in 204 samples examined at the Naticonal Aninal
Production kesearch Institute, (NAPRI), Shika.

Anapiasmozis is believed to be transmitted amcng
Nigerian cattle by ticks (HMohammed and Leeflang, 1975;
Ilemobade, 1975). These authors also reported that the
Bothilus 3p. of ticks are involved in the transmlssion of
A. marginale in Nigeria. Mohammed and Leeflang (1975) reported
thaf‘g. decoloratus iz one of the most abundant tick species
available on the WAPRI Station, and occurs throughout the
year. This probably means that A. marginale is constantly
being tranamitted all the year round. The low clinical cases
recorded, might have been due to rigid tick control regimen .

obtainable therein {(Mohamned and Leeflang, 1975).
: No evidence of transmission by any other biting f{lies
ig yet available, despite the existence of these blood sucking

insect vectors (Tabanusg, 3Stomoxys, Haematobius, Sarcophage

and Culicodies sp.) in the country. Similarly, the poasible
involvement of wild ruminants (deers, antelopes, etc.) in the
transmission and as carricrs of A. marginale, has not been
studied despite cur large wild life concentration. Transmisasion
through carrier cattle, au the main reservoirs of the disease,
is more favoured. WNo report of possible transmission by means

of vertical or transplacental transmission is available.



50

However, the possibility of man and his contaminated instruments
acting as agents of mechanical transmission of the disease,
cannot be ruled out,

The most commonly employed wmeans of contraolling the
diseasze is through the control of ticks and other actoparasgites.
Hand-dressing (especially among the nomadi¢ cattle rearers),
dipping and spraying with broad-spectrum acaricides, are the
methods used in controlling the ticks. Premunization against
anaplasmosis 1s not common. There are reports of successful
premunlzation of some Friesian cattle imported into the country
{Ilemobade, 1978), Oxytetracycline (Terramycin Q50) at 11 mg/kg
body weight {i.v or i.m}, has been used to control the post-
immunization reactions, in such cases (Leeflang and Schillhorn
van Veen, 1972).

Generally, in most clinical cases, Oxytetracycline at
11 mg/kg body weight, given for two or three consecutive days
1s commonly employed in the treatment of affected cattle
(Jagun, 1979). Also available in Nigeria is the newly introduced
"Long acting" Oxytetracycline (Terramycin/LA); a single
injection of which is administered at the rate of 20 mg/kg
body weight, intramuscularly. Although, it's very active
against Anaplasmosis, itg very high cost makes Terramycin
A50 more readily acceptable. Imidocart and Gloxazone are not
yet in wide use in Nigeria; their use is mainly restricted to

experimental studies of the disease.
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CHAPTER III
A SURVEY OF BOVINE ANAPLASMOSIS IN SHIKA AND ENVIRONS

INTRODUCTION

Although bovine anaplasuosis is known to exist in
Nigeria (Folkers and Nuil, 1067; Folkers et al. 1970; Dipeolu,
1975; Leeflang, 1977a; Illemobade, 1378}, its prevalence has
net yet been clearly docuwiwanted. Cattle vwhich recover from
- the clinical disease arc known to become carriers for many
years or even for life {lilstic, 1960) and therefore, serve as

reseyyoira of infection. While previous workers have used
blood smear examination to determine prevalence of infection,
it is clear that serologicul tests are necessary in opder to
Iobtain a complete picture of the prevalence in any given
locality. This is particularly so since a carrier animal maf
net necessarily have debectable parasitaemia. In view of the
zood results obtained with serological tests (Chapter I1), it
was decided to use ono of these tegts. The rapid card agglu-
tination test {CT) was chosor hecause it requires a minimum
of time and equipment for ita application and possesses the
capability of being perforacd on the farm, ranch or in the

laboratory.
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Area Suryeyed: The area surveyed was restricted to

National Animal Production Research Institute (NAPRY) Shika,

some herds apound it,and the Zaria abattoir,

Materials and Methods

Lattle: the cattlc used werc obtained from 5 sources.
These are the National Animal Production Research Institute
(NAPRI} farm at Shika; Ahmadu Bello University farm, about 3
kilometers south of MAPRI; the Kaduna State cattle multiplica;
tion centre and a private farm, both sifuated in Shika and
approximately 1 kilometer from NAPRI, and the Zaria abattoir
at Zango, about 17 kilomcters south of NAPRT, The animals
comprised of different breeds including Zebu (Bunaji and
Sokoto gudali), Nidama, PFriesian, and Friesian x Zebu crosses.
Altogether, 1137 animals wore examined. Apart from these, N
some other breeds, like Wadara, Azoak and the Rahaji were sam-
pled, but because thelr number was very snall the results
have been omitted.

Collection of Serum: On the different farms about

10 ml. whole blood was collected from each animal via the
Jugular wvein into a clean universal bottle, using the venipunc-
ture method. At the abattoir, 10 ml, whole blood was collected
directly into universal bottle from the severed jugmilar veinsg

of the slaughtered animals,
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The blood samples were allowed to stand and coagulate
at room temperature (25°C) for about 12 to 24 hours.
Thereafter serum samples were separated from the clotted
blood by spinning at 5,000 g for 5 to 10 minutes. The serum
samples were then dispensed into sterile 3 ml. vials and
stored at -20°C in a deep freezer for not more than 3 weeks.

Performance of the Card Test (CT): The CT was per-

formed according to the manufacturers instructions and described

by Amerault et al. (1972).

Scoring of results: Results were scored at 1+, 2+, 3+,:

or 4+ according to the degree of agglutination, as positive
reactors. Those that showed no agglutination were scored as
negative,

Statistical Analysis: The data obtained were subjected

to chi-square analysis where appropriate.

Results

Out of a total of 1181 samples tested, 528 (44.7 per
cent) were positive, while 653 (55.3 per cent) were negative.
The degree of agglutination is shown in Table VI,

The highest prevalence of arnaplasmosis was recorded in
cattle from the private Farm, This was closely followed by

the Zaria abattoir and Shika cattle multiplication centre,
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TABLE VI

Sero-epideniological survey of bovine anaplasmosis
on Mational Animal Production Research Institute
(NAPRI) Farm Shika and its environs, 1980/81

Place o of Nuaber Grade of positivity % + ve
Surveyed sanples positive reactors
tested 4+ 3+ 2+ 1+¥
1. Zaria abattoir
Zango 299 218 66 36 48 68 72.9
2, NAPRI, Shika €32 177 32 21 30 94 26.0
3. University Farm
Shika 129 78 17 5 12 44 60.5
4. Shika Cattle
multiplication
centre, Shika 57 41 1€ 5 10 10 71.9
5. Private Farm
Total 1121 526 141 67 100 220 Ly, 7

All test areas wepre significantly higher than NAPRI (P<0.001;
X% = 190.5, 5.8, 53.6 and 38.4 respectively).
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with 72.9, and 71.9 per cent respectively. The Ahmadu Bello
tnivergity Farmm recorded 60.5 per cent prevalence, while

- NAPRI with over half of the total samples tested,had the
.lbﬁeat prevaleonce of 26.0 per cent {(Table VI). The prevalence
of anaplasmosis in animals at Zaria abattoir was found to be
significantly higher than that of NAPRI (P<0.001), but not

- gignificantly different from the other surveyed areas {PJO.DS);

| Similarly, there was no gignificant difference in the prevalence
of anaplasmesis between the University Farm, Shika cattle
multiplication centre and the Private Farm (P>Q.05).

A further brealktdown of the results of all the reactors
on NAPRI farm into four age groups (Table VII), shows that
there was a sgignificant difference among all age groups
(’K0.001}., The percentage of reactors in cattle above 24
moniths of age was significantly higher than each of' the other
age groups, with those in the 13-24 months age group being sig-
nificantly bigher than those in the 7-12 and 0 -~ 6 nonths age
groups {P€0.001). However, there was no sighificant difference
between reactors in the 7 - 12 and 0 -- 6 months age sroups
{P>0.05).

An examination of reactors, in each cattle breed on
MAPRI Farm, (Table VIII) shows that the pure Friesian cattle

have the higheat percentage {44.4 por cent). The percentage
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TABLE VI1

Anaplasnmosis reactors on NAPRT Farm based on age

—— i — — P — — —— —— —

Age proup Humber of Nuwaber of Percentage of
(Months) samples Positive +ve reactor.
tested reactors

0 -6 51 1 1.96

T - 12 72 3 4.17

13 - 24 04 20 21.27

Above 24 465 153 32.90

All age groups 602 177 25.95

— e — e b e — e —— o —— | — ——

Anipals in the age 24 months and above have

significantly higher reactors than all the other age

groups (P€0.001: X° : 21.02)
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TABLE VIII

A surmary of anaplaswosis survey results on NAPRI
Farm, depictine breed and age differences of reactors

Cattle No of No of reactors according Percentage
Breed sanples to age (month) of
e e e e peactors
0=C 7412 13.26 24
Crossbreds® 207 . 2 14 46 20.9
White Fulani 246 - - s 52 22.8
Sokoto Gudali 102 1 1 1 41 43.1
N'dama 25 - - 1 10 39.3
Friesian 9 - - - 4 44,4
Total 6s2 1 3 20 253 26.0

%Crossbrecds = Fricsian X \hite Fulaai
Charol.is ¥ “hite Fulani

Charolais x N'dama,
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of reactors in Sokoto gudali, the N'dama and the White

Fulani breeds were 43,1, 33.3 and 22.8 per cent, respectively;
the exotic crosses had the lowest percentage of reactors

{20.9 per cent). The exotic crosses are products of cross-
breeding betwecn the pure Friesian, or Charolais and various
indigenous breeds, which include the White Fulani, Sokoto
gudali and the N'dama cattle. When the percentage of reactors
in all the breeds were statistically analysed, neo significant
i differences were observed {P¢0.001)}. UNo significant difference
' was observed between the Friesian and the Sokoto gudali

- {P»0.05); between the Friesian and the N'dama (P»0.05); as
well as bebtween the Sokoto gudali and the N'dama cattle,
Similarly, the White Fulani cattle was not significantly
different from the exotic crosses [(P>0.05). Although there
was an apparent difference in the percentage of reactors
between the Friesian, the Sokoto gudali and the N'dama

cattle on one hand, they were not significantly higher

than those of the White Fulani and exotic crosses (P»(.05).
However, when the actual number of reactors in each breed were
statistically analysed, the White Fulani was shown to be
significantly higher than the Sokoto gudali (P€0.001) and the

Ntdama cattle (P{0.01); but not significantly higher than the



Friesian (P»7.05); despite the disparity in nuwcber of
reactors obtained. Similarly, the number of reactors recorded
in the exotic crosses was significantly higher than that of

the Friesian, the Sokoto gudali anda the {i'dama (P€0.C01).

Discussion and corclusion

Thig study deuonatratcs that the prevalence of anaplus-
mosis in cattle under different types of husbandry methods
varies. In HAPRI where the intensive managenent pattern
exists, the digeasc prevalence was the lowect. The cactle
are adequately prctocted against any serious tick challenge
by rigid acaricide treatment at weekly intervals during the
rainy scason and fortnightly during the dry season. The
cattle are thus prevented from having cnough contact with
ticks and hence, their exposure to A. marginale infection
is linmited,

In the cther test arcas, the management pattern is less
intensive. At the Zaria abattoir, the mujerity of cattle come
frou private local farms, whore rezular tick control is not
practised. Similarly, the tick control regimen practised in
Shika cattle multiplication centre, the University Farm and
the Private Farm, situated some few kilimeters from NAPRI,

is leso rigid. Consequently the cattle in these areas have
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greater exposure to A. marg&'nale infection through tick bites,
and therefore, have higher prevalence of anaplasmosis than

on NAPRI Farm. Based on thc premunition factor,it follows
therefore, that cattle frow NAPRI run a higher risk of coning
down with the disease than those from other test areas, should
they suddenly be oxposed to cqual tick challenge. From obser-
vation and record, animals in both University Farm and at

the private tarms were in comparison to NAPRI animals, in good
bodily and healthy conditions and, had not suffered from
anaplasmosis apart fron occasional cases. This calls tor

a thorough re-evaluation of the present tick control regimen
in NAPRI in order te allow cattle from NAPRI to be exposed to
Anaplaocmesis and therefore sufficient level of tick challenge
early in life so as to acquire adequate immunity to subsequent
challenge in later life,without adverse effect to the health
of the aniwals., Since cradication of ticks is not practically
or economically feasible, the need for an integrated measures,
involving premunization/iqwmunization (Ilemobade, 1978; Aliu,
1980), along with moderate tick challenge is desirable. To
achieve this, according to Ilemobade (1978), moderate tick
challenge is essential after premunization or immunization,

to prevent discase outbreak. This necessarily means that the

intervals between sproviap or dippiag must be increased.
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Such measures if implemented will, apart from reducing the
amount of money spent amiually on acaricides, reduce the
amount of labour iavolved in frequent spraying or Adipping, and
minimize the development of resistance of ticks to acaricides.
The prevalence rate of anaplasmosis obtained in this
study (44.7 per cent) is higher than that (34,0 per cent)
recordad by Obi (1073). Thin discrepancy might be due to the
fact that Obi (1970) uued mainly indigenous (trade) cattle
slaughtered at Ibadan abattolr; while animals for this atudy
comprised indigenous, as well as pure Friesian and differant
exotic crosses with differences in their susaceptibility fo
anaplasmosis {Tables VI & VIII}., The samples from Zeria abattolr
could be regarded as trade cattle just as those reported by
Obi (1978) for Ibadan abatteir. When, these samples are
comparad, repulits from Zaria abattoir showed significantly
higher prevalence rates (P{0.001) than those obtained in
Ivadan., For cexample in the Yaria abattoir 218 out of the
299 animals (72.9 per ceut) were reactors; and In Tbadan,
Cbi (7978) found that 195 out of 573 cattle {(34.0 per cent)
tested were positive for anaplasmosis, Assuming that anaplage
mosis prevalonce is greater in indigenous cattle under less
intensive management practice, then a correlation would be

expected between Obi‘s (1978} result and the present {inding
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in indigenous cattle (excluding NAPRI)}., This, however, is not
the case. While both reports point to the importance of
anaplasmosis in Nigeria, the difference underlines the desira-
bility of having a national anaplasmosis survey, to reveal
the actual prevalence of the disease in different geographical
areas of the country.

It has alsc been shown in thils study that cattle below
12 months of age have lower anaplasmosis reactors, than those
clder than 12 months (Table VII); and that the prevalence to
the organism increases with age, thus indicating that animals
younger than 12 months are less susceptible to A. marginale
than older ones, (Fig I}. This observation is in agreement
with the findings of Jones and Brock (1966}, Jones et al.
{1968a,b) who showed that young animals are less susceptible
ko A. marginale infection than adults. The implication of this
is that premunization may be carried cut early in life when
animals are relatively resistant to clinical infections.
'Howéver, it may be pertinent here to note that not all calves
on NAPRI farm are usually grazed before they are 9 months., This
might have added ta the reason why calves below the age of 12
months are more resistant than those above 12 months of age,

With regards to cattle breeds tested in NAPRI, anaplas-
mosls has béen shown to be more prevalent in Friesian, the
Sokoto gudall and the N'dama cattle, than in White Fulani
and the various exotic crosses. 3Since all the cattle on this
farm are assumed to be equally exposed to A. marginale infec-

tion, then the Friesian, the 3okoto gudali and the Ntdama
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cattle would be regarded to be more resistaﬁt 1o the disease
than the White Fulani and the exotic crosses. But this
interpretation will be grossly miasleading if the actual number
of animals tested in each cattle breed, as well as the corres-
ponding reactors are not considered. On these twe premises

it would ke pertinent to disregard the results cbtained for
both the N'dama and the Friesian cattle, since the number of
samples obtained in these breeds are very small compared with
the others. The Sokoto gudali could then be regarded as
having the highest{ prevalence for anaplasmesis, followed by
the White Fulani and the exotic crosses, conseguently the
Sokoto gudali could be sald To he less susceptible to anaplas-

moais than the White Fulanl and the exotic crosses. i

Summary

A total of 1181 serum samples (from NAPRI farm Shika,
University farm, Cattle Multiplication Centre Shika, Zaria Abattoir
and a private farm in Shika) were tested for antibodies against
A. marginale, The rapid card agglutination test (Amerault
et al, 1972) was used; the result was analysed using Chi-sgquare
analysis. The percentage of positive reactors was 44.7 {52B),
while 55,3 per cent were scored negative. All test areas wers
significantly higher than NAPRI (P¢0.001). On NAPRI farm, a
significant difference was shown among all age groups (P¢0.001);
 animals less than 12 months were shown to be less susceptible to
A. marginale. However, the disease prevalence was not restiricted

tc any particular cattle breed,



CHAPTER IV

THE EFFICACY OF TETRACYCLIVE THERAPY AND DURATION
OF TREATME!'T IN THE COURSE OF BOVINE AHAPLASMOSIS

INTRODUCTION

The use of oxytetracycline in the treatment of clinical
anaplasmosis has already been reviewed (Chapter 1II). In
Nigeria the drug is used very widely, and the treatment
regimen followed is bascd ou the experience in other countries,
for example the U.S.A. (Brock, 1959; itiller, 1956; Franklin et al.
1362), where conditions are different from those of Nigeria.
Since it is probable that such regime: may not be valid under
Nigerian conditions, especially in relation to parasite strain
and husbandry practice, it is important that an effective
treatment regimen be catablished in Nigeria based on control
studies. In cattle oxytetracycline is commonly used based
on manufacturer'’s recoumendation, of 10 mg/kg body weight.

Apart from oxytetracycline, two other drugs, Imidocarb
and Gloxazone, are now known to be efficacious in the therapy
of anaplasmosis. DBoth drugs have already been reviewed
(Chapter 1I), but their use in Nigeria has been limited;
however, gloxazone has already been withdrawn from the market

by the manufacturcrs.
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Baged on the foregoing, it was thought of importance
to atudy the duration of therapy in anaplasmosis in Nigeria,
under controlled aitvation. In order to reduce variables
to minigum, it was decided to use the commonly available drug,
oxytetracycline and the mapufacturer's recommended dose i.e.

10 mg/kg. body weipght, but vary the duration of treatment.

Materials and Methods

Experinental animals: The aniwals used in this study

were those shown to be negative for A. marginale by microscoplc
examination and the rapid card agglutination test {Aperault
and Roby, 1968; Amerault, 1073), after herd screening {Chapter
IIT}. Such animals were retested immediately prior to their
use in the experiment, and were found to be nagative.

L total of 27 cronsbred calves were used., Their
average age was 13.7 months (range: 10 - 17 months}., They
were randomnly divided into 3 groups.

Group A conzisted of 12 intact calves: group B had 9
gplencetomised calves, and group C 8 intact calvés. Group
C served as uninfected control, All the animals in groups A
and B were later sub.divided into 3 sub=groups based on the
duration of treatment with oxytetracycline (Table 1X).

Jurgical Procedures: Splenectomy was performed via a

left paracostal laparatomy, using paravertebral anesthesia.
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TABLE 71X

Protocol showing division of experimental animals
into subosroups according to duration of treatment

Croup Subgroups
One Two Threec
Treatment Treatments Treatments
A
(Intact) “ 4 4
B
{3plenectoizised) 3 3 3

— e P e s v M e — e — " — L ———— —— e e t  ——
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Collection of Infected Blood: Two hundred millilitres

{200 ml.) of whole blood were collected from a selected

donor which had previously been proved to be a carrier of‘é.
marginale (more than 0.1 per cent) by microscopic detection
method and the rapid card agglutination test., The blood was
collected in a sterile clean bottle containing 20 ml. of 3 per
cent Sodium citrate solution, as anticoagulant,

Infection and Post-inoculation Care: All the animals

in groups A and B were each inoculated subcutaneously (S.C)
with 5 ml. of the carrier blood.which gives approximately
2x107 infected erythrocytes. Prior to inoculation all the
animals, especially the splenectomised ones, were kept under
close observations for 14 days to exclude any other infections.
The observations, included haematologic evaluation, microscopic
examination of stained blood smears and daily rectal temperature.
The animals were found to be free of any blood parasites.

Prior to and after inoculation, all the animals were
kept in enclosed pens and were sprayed weekly with acaricide
to prevent tick infestation, They were {ed on silage and legume
hay rations, occasionally supplemented with groundnut cake;
while water and mineral salts were provided ad,1ib.

Collection of Samples and Evaluation: The rectal

temperatures and packed cell volumes (PCV), of the animals
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were monitored 3 times a week until A, marginale was detected
microscopically. The PCV was determined using microcapillary
method.

Blood samples (2.5 ml.} were collected from each animal,
3 times a week, using disodium ethylene diamine tetra-acetic
acid {EDTA) as anticoagulant. Thin blood gmears were then
made, stained with Giemsa solution and examined microscopically
for the presence of . marginale.

Once A. marginale was detected, rectal temperature,
determination of PCY and degree of parasitaemia were carried
out daily. The degree of parasitaemia was based on the
percentage of parasitised cella out of 500 erythrocytes.

Therapy of Clinical Disease: Treatments were carried

out when the PCV had dropped to 16 per cent or below, using
oxytetracycline at 10 mg/kg body weight intravencusly (iv).

A PCV of 16 per cent or below was chosen because field obger-
\vations have shown that most cases of clinical anaplasmosis are
brought to the notice of Clinicians at that point for treatment,
Three treatment regimens were followed., One group was treated
ﬁﬁce, the second group 2 consgecutive days and the third group

3 consecutive days (iv) {Table 1X}.

Assessment of Antibody Response: Sepum samples were

regularly collected from all infected animals and tested

for the presence of antibodies to A. marginale, using the
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rapid card agglutination test (Amerault and Roby, 1963;

Amerault, 1973).
Resul ts

Clinical wanifestation: Anaplasma bodies (A. mar‘gnaIQ

were first detected microscopically in the infected animals
between 16 and 33 days (mean: 22.73) postinoculation (pi).
Figs | to 3 show the pattern of development of anaemia and
parasitaeuia in both splenectomised and intact animals
given different treatment regimens.

The pattern of parasitaemia, irrespective of whether
treatment was given once, twice or thrice, appeared to be
similar in both intact (group A) and splenectomised (group B)
animals, except that the degree was more pronounced in
group B. In group A, parasitaemia increased gradually
from day 20 pi, until it was interrupted by therapy about
day 30, when treatment was piven. In group B, the parasitae-
mia increased so rapidly that it required earlier therapeutic
intervention. The average of highest parasitaemia reached
before treatment in gruups ! and B were 13.26 and 35.41
per cent respcctively.

The fluctuation in the PCV of the infected animals
followed similar pattern. However, group B animals were

observed to suffer more anaemic crisis than group A.
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Tables X and X1 summarise the mean PCV values prior to
exposure, at the time of treatment and 2 weeks after treatment
in both intact (group A) and splenectomised (group B) animals.
The average PCV values at the time of treatment were similar
in each group. However, the average PCV values were very low
in all the splenectomised calves at the time of treatment
- (Table XI). 1In the intact calves it was observed that 2 weeks
after treatment the average PCV of all surviving animals had
returned te almost pre-infection levels (Table X). In contrast,
in the splenectomised groups conly those calves treated twice
showed gimilarity to the intact calves: while those that were
treated once all died, before 72 weeks of treatment and 2
of those treated thrice also died.

Survival Rates: The survival rate based on duration of

treatment of clinical anaplasmosis is summarized in Table XII,
- In group A (i.e. intact animals) all animals treated
.once survived, as were those treated twice. One of those
treated thrice died due to rapid drop in its PCV from 18.5

to 10 per cent, which occurred overnight and made drug
treatment less effective: the animal died soon after treatment,
Two animals (one in the group to be treated once and one in
the group to be treated thrice) were not treated as their

PCV remaincd above 10 per cent.
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TABLE X
Packed cell wlume (PCV) of intact calves (group A)

before inoculation, at point of treatment and two

wecks after treatment with Oxytetracycline

Facked cell wvolume (Mean ¥ S.D.)

Onec Two Three
treataent trcatments treatments
Prior to 30.5 > 3.9 31.8 + 2.3 33.2 + 1.8
exposure (27.5 -~ 36 (28 - 33.5) {31 - 35.5)
At point of 15.0 * 0.4 15.3 + 0.8 15.2 > 0.5
2 weeks after 23.5 + 3.1 26,4 + 4.1 %27.5 + 1.0

Fipure in parenthesis represents the range.

Malues for only 2 of the 3 treated calves (Nos 2176
and 2204).
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TABLE XI

Packed c¢ell volume (PCV) of splenectomised calves (proup B)
before inoculation, at point of treatuent and two weeks

after treatment with Oxytetracycline

—— o — 4 —— ——— B e ———————

Packed cell volume (Mea: + S.D.)

— —— e — — = e

- —— - ——

One Two Three

Treatment Treatments Treatments
Prior to 30.2 + B | 30.7 + 2.1 29.4 i+ 4.5
exposure {(26.5 - 33) (28 .- 33) (25.5 - 36)
At poiat of 13.5 . 11 12.6 - 1.0 11:5 * 1.0
treatieent (12.5 - 15) +(11.5 - 14) (10.5 -~ 12.5)
2 weeks after Si 24.7 + 3.0 (20.5)%
treatuent (20.5 - 27.5)

— e e e e — — . — — - —— L —— | ————— ——

#PCV value for only one surviving calf (no 2195) at 2 weeks
after trecatment,

#3411 the calves died before 2 weeks of treatment.

Figurc in parenthesis represents the range.
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In group B (i.e. splenectomised) animals all those
treated once died, while those treated twice all survived.
However, 2 out of the 3 animals treated thrice died, because
drug intarvention waz too late as the PCV drop was so rapid
that by the time treatment was given the PCV valuea were 8.5
and 9 per cent regpectively,

Serological Response: Majority of the animals became

serologically positive within 20 days of ipoculation {Table XIII),
By day 35 pi, all animals had become positive., The presence .
of detectable parasitaemia coincided with development of
antibody response. Maximum serological responsc {+4) was not
obtained early during the paltent disease until day 52 pi, in
the majority of the animals. There was no difference in the
responge between intact and splenectomised animals, elther in
the degree of reaction or persistence of antibody within the
period of the oxperiment. This observation agreez with the
results reported by Jones et al. (1968a,b} using the complement
fixation tesat; they cbserved similar pattern of response in
both intact and splenectomised calves. However, in this

study all the animals remained serologically positive through-
out the duration of the experiment, ¢ven though no parasite

wag detected after day 52 pi.
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TABLE XII

Effect of duration of treatment on clinical anaplascosis

usicg Oxytetracycline at 10 mg/kg body weight

B e T S e — S — e — o f—— -

CGroup o of times No of animals Qutco.ce
trecated treated Wo cured No died

A Once 34 3 .
(intact Twice 4 4 -
animals) Thrice 3+ 2 1%

B Once 3 o 3
{Splenccto- Twice 3 3 -
nmised). Thrice 3 1 2an

— s om B e e E— G = R e S e S — S B il e t ——

“One animal was not treated since its PCV was consistently
above the range specified for treatment (i.e. 15%).

#The PCV of this animal dropped too abruptly for carly
treatiient to be instituted; it died soon after treatment.

#The PCV was persistently low (between 8.5 and 6.0) despite
treataent.



Serclogical response in infected, intact and splenectomised

TABLE XIII

animals, using the rapid card agglutination tecst

79

Group Eartag No

Card test scores®

Days (pi) O 20 28 35 45 52 58 65 T2

Treatment
A 2156 1 ~ve 42 +4 +4 +4 +4 +4 +4 +4
" 2170 " -ve =ve +1 +1 +2 +3 +2 +4 +1
" 2165 " ~ve +3  +h4 +4 +4 +4 +3 +4 +4
» 2149 " -ve +2 +3 +3 +3 +4 nd +4 +4
" 2188 T2 -ve +3  +4 +4 +3 +4 +4 +4 44
" 2177 " ~ve 42 43 nd +2 +3 +4 +4 +4
" 2163 " =ve +1 +1 +1 +1 +3 +3 +4 +2
L 2172 " =y +2 +2 +4 42 +4 +3 +4 +4
" 2176 T3 ~ve +3 43 2 +2 +3 +4 +4 +4
N 2352 » -ve -ve +1 2 D
" 2190 " ~ve +3 43 +4 +4 +4 +4 +4 43
" 2204 " Ve 42 43 +4 42 +4 +4 44 44
B 2210 T1 ~ve =ve 41 +1 42 +4 +4 +4 +4
" 2349 L ~-ve +1 +1 43 43 +4 44 44 4
o 2333 " -ve +1 +1 42 42 +3 44 44 44
" 2182 T2 -ve +1 +1 +1 +2 +2 +2 +4 +3
" 2185 " -ve =ve +1 1 +2 +4 +3 +4 44
" 2237 " -ve 41 41 +4 41 44 4 +4 44
" 2199 T3 -ve +1 +1
" 2178 " ~ve +1 42
e 2195 Ly -ve +1 +2 nd 42 +4 +4 +4 D

#Card test scores: -ve

Nd = not done (blood clotted;

D = died (no test done);

(pi) = postinoculation in days;

negative; +1 = minimal positive reactor;

T1 = one treatment, T2 = two treatments, T3 = three treatments,
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Necropsy Findings: The most prominent gross lesions

observed included, distended gall bladder, anaemic or pale
tissues and enlarged mottled liver, with rounded borders and
brownish-yellow cut surface. The subcutaneous tissue had a
vellow and gelatinous appcarance. Petechial haemorrhages
were obgerved on the eplcardium, pericardium, pleura and

the diaphragmn. Some hard pellets of faeces, coated with

mucus, were found in the colon and sometimes in the rectum.
Discusaion

The results of the experiment clearly show that cattle
with clinical anaplasmosis could effectively be treated with
oxytetracycline given un two consecutive days, at the rate of
10 mg/kg body weight, without any adverse effect. Thia is
clearly shown in Table XII, where the splenectomised calves
treated once dicd, whilc those treated on two consecutive days
survived. However, it is not possible in this study to
compare those with two treatments, with those that received
three treatments, because of the unexpected mortalities
recorded in the latter group (Table XI). Nevertheless, since
twe treatments gave 100 per cent cure, it should be expected
that if therapeutic intervention occurred early before severe

anaemic crisgis, as was observed in the animals that died in
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group 3, then 3 treatments shojld azlsc result in complete

cure with probably faster recovery periocd, This was in fact
demonistrated in Table X, where the PCV of intact animals given
3 treatments showed significant improvement over those which
received 1 or 2 treatments.

Although one treatment resulted in 100 per cent cure in
intact calves (Table XII}, a similar result may not be expected
in adult cattle so treated, since it has been shown by variocus
workers (De kock and Quinlan 1962; Roby g&wgi. 1961; Jones and

Brock 1966; Jones et alj 1968a,b) that young animals are less

© . susceptible to A. marginale infection and have greater ability

" Lo regenerate erythrocytes better than adults. This position

is further supported by the finding of 100 per cent mortality
| in the splenectomised calves treated once, This then agrees
with the fact that splenectomy overcomes innate resistance
in infected calves and thus induces a situation similar to
primary anaplasmosiz in adult or aged cattle (De kock and
Quinlan, 1926; Roby et al. 1961; Jones and Brock, 1966}, This
does not mean that splenectomised animals are comparable in
all reppects with the adults, becauvse the absence of the
spleen does not make them immunologically incompetent.
However, with 2 treatmentsa, both intact and splenectomised
calves were all cured of infection, suggesting that these
could well be applicable to adult animals.

Although faster recovery was obtained in those intact

animals treated thrice (Table X and Fig 3), it is unlikely
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that the difference in PCV, 2 weeks after treatment, justifies
the additional expense. Taking the current market price of
Oxytetracycline (Terramycin Q50 - Pfizer) as ¥0.0194/kg;

it will then require H11.64 to treat an average adult cattle,
weighing 300kg, for 2 consecutive days, while it will cost
B17.46 to trcat the same aniual for 3 consecutive days. It
is, thercfore, econonical to give 2 consecutive treatments
in clinical bovine anaplasmosis.

It is, also, cvidont from this study that for effective
therapy in clinical anaplaswmosis, treatoent must be started
as carly as poasible, preferably when the PCV is about 20 per
cent or slizhtly below, Any delay may lead, not only to
persistently low PCV and partial recovery, but death, when
therapy is finally instituted. However, this does not mean
that animals with clinical anaplasmosis and those with very
low PCV may not survive whon treated. This may require some
supportive treatments, such as administration of blood trans-
fusions (Jones and Hdormau:, 1062; Franklin E.E...‘?.:L' 1962) or some
haematinics (Drock ot al. 1959), to enhance recovery rate.
But more often than not, most supportive treatments do not
have time to stimulate erythropiesis sufficiently enough to
effect survival., For exanple, blood transfusion as an
adjuvant to therapy induces recrudescence of the parasitaemia

and its benefit has been questioned (Jones and Norman, 1962).
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Haematinics, on the other hand, are believed to reduce the

time required for convalescence (Brock et al. 1959) From

this study, it is apparent that 2 treatments of Oxytetracycline,
at 10 mg/kg body weight (iv) for 2 consecutive days are best

to cure clinical bovine anaplasmosis. This could not be said
to give a hundred per cent cure; but from economic point

of view, is better than giving for 3 consecutive days,

However, this study being a laboratory work, is not completely

comparable to the field condition.

Summary and Conclusion

A total of 27 crossbred calves (12 intacts, 9 splenecto-
mised and 6 uninfected control) were subcutaneously inoculated

7 infected erythrocytes. Oxytetracycline (at 10 mg/kg

with 2x10
body weight) was administered intravenously when the PCV

dropped to 16 per cent or below, The pattern of development

of parasitaemia, irrcspective of the duration of treatment,
appeared to be similar in both intact and splenectomised calves.
The splenectomised calves, however, gave higher percentage of
parasitaemia. Fluctuation in the PCV followed the same pattern
in both groups, but the splenectomised calves were cbserved to
suffer more anaemic crisis than the intact cnes.

In the intact calves, all those treated once and for 2

consecutive days survived, while one died amongst those treated
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for 3 consecutive days, due to late administration of the
drug. In the splenectomised calves, all those treated once
died, while all those treated for 2 consecutive days survived,
But, due to late treatment 2 ocut of those that received 3
consecutive treatments died (Table XII).

Since 2 consecutive treatments cured both intact and
splenectomised calves, then it could be expected that 3
congecutive treatments would also have cured thenm. Howeve?,
from the economic point of view (of the cost of the drug), 2
consecutive oxXytetracycline treatments (at 10 mg/kg body weight)
would be better to administer in cases of clinical bovine

anaplasmosis.
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CHAPTER V

GENERAL DISCUSSION

Over the past 55 years, when anaplasmosis was first recognised
in Nigeria, only the tick (Boophilus spp) transmission of the
disease has been givern a lot of attention., But from the
different work reported all over the world {chapter II), it is
evident that other sources of transmission require some attention.
It is, therefore, pertinent, to assume that in future other
blood sucking arthropods may become greater sources of propa=
gation of the disease, especially in endemic areas, In fact,
in Nigeria, it may become more difficult to control the disease,
since mosquitoes, and other biting arthropods, as well as wild
runinants abound in far higher proportion than even ticks,

Future investigation in this direction may require evaluation
of the role of intra-uterine transmission as another latent
source of the disease, especially in cases of abortion in cows
and sterility in bulls,

Through the various reports reviewed, on the control of
the disease (chapter II), it has been apparent that no complete

suitable vaccine has yet been established, The only option
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”1eftﬂ;or mosﬁlendamic areas,.whereltoﬁal efadicatibn of ticks
is not reasible, is perhape the use of artificial premunization.
Post-immunization reactions could then be controlled by chemo-
therapy. However, despltqs various experiments carried outb on
both imidocarb and gloxazone, the tetracycline (especially,%E
Cxytetracycline) compounds are still generally used in the
control of post-immunization reactions against anaplasmosis.
Although, it is the general belief that splenectomy over-

comes Innate resistange in infected calves, and thus induces

a situation similar to primary anaplasmosis in adult or aged
cattle; this should not be asgumed that an animal without a spleen
is completely empty immunologically. For instance, in this
study, if some of the intact calves were left untreated they‘
would have possibly died (Appendices 1-12), just like an adult
would have done, Therefore, there is need to review this overe
stated fact, that the young calves are more resistant to anaplag-
mosis than the adulte, The absence of the apleer in a young
animal, does not therefore makes it comparable to the adult

in all respects; it only makcs it cluse to the situation that
exista in the adult, e Ll
In this study, maximum serclogical response {4+} was

not dbtainod garly during the patent disease in the majority

of the animals, until day 52 pi, using the rapid card agglutination

oy

" o W



test (CT), Using other serological.tests, such aswcomplement
fixation test (CF), indirect fluore;;ent te;ﬁﬂiqug:(IFT) and
the capillary tube agglutination test (CA), varlous workers , -
{chapter II) had reported early rapid rise in antibody titre,
than with the CT., This may then suggest that these tests, T
especially the CF, although very complex and time consuming,
may be more genaitive to early antibody production than the

CT., Since these tests were carried out in many different coun-

tries (especially the U.3,A.) where conditions were gquite

_”different from those of Nigeria, then slight variation in the

results may be expected, However, it may be assumed that the

delay in obtaining maximum seroclogical response (4+), may

not be unrelated with the possibllity of differences in the '

Ll

éfrains of A. marginale used in making the antigen as compared
o the local strains available in Nigeria, For thls assumption
to be regarded as untrue, there is need to investigate the
possibility of having different strains of_g. marginale in the
country, Similarly, there iz need to investigate methods of
preparing antigen locally, instead of our continucus dependent
on foreign antigens, Apart from tho fact that thesc forelgn
antigens, may not alwaeys give the desired results, their
frequent importation will continue te drain the country's

L

dwindling forcign reserves.
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The very low anaplasmosis prevalence (26%) obtained on
NAPRI farm, as compared to other test areas, has indicated the
need to review the existing tick control method now in practice.
Animals should be allowed to acquire promunity early in life,

through regular tick challenge. However, chemotherapy may

be requirced in cases of posteimmunization reactions, if artifi-

iy
K

tial premunization is adopted, In addition, there may also j{

" be need to control tick infestations through acaricide spray or

dips, with greater intervals between spraying or dipping

peried, than hitherto., For national control of the dizease, it
may be guggested that all Governments of the Federation should
further establish more control posts, where spray races or dip
vata will be available for regular control of the discase vectors,
especially in trade cattle, Apart from controlling anaplasmosis,
this measure will rceduce incldences of other tick-borne diseases,
However, for this to he effective, 1t may require government
lagislation to make it compulsory for all cattle cuners in the
different parts of the country, especially at border posts,

- o
L i,

to dip their animals regularly. _ _ . B
_ S :

The great digparity in the breﬁalenée of anaplasmosis *
by various workers in Nigeria (chapter III) underlines the
desirability of having a national anaplasmosis survey, to
reveal the actual prevalence of the disease i different
geographical areas of the country, s o : \ iﬁﬁ

g
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Appendix 1.

Eartag 1o 2156
Ape, breed % sex: 16 months, iatact crossbred heifer calf,
Muration of treatment: Once,

Pos?imoculat%on Tempegaturn ) % BCY % Parasitacmia

period (daya) ¢

.,......__..6.... et ke e e — o S __n_p -
2o 39.1 29.0 "
23 3.5 3z2.0 0.12
26 39.5 26,7 2.57
27 38.1 21.5 3.28
28 35.0 27.5 2.91
29 50,1 12.5 €.19
3Q 3g.5 21.0 5.53
21T 39.1 15.5 2.49
32 33, 21.5 1.70
33 3.2 21.0 t.23
37 7.6 26.0 0.25
4 37.7 27.0 0.23
45 32.1 27.5 npf
48 33.6 35.0 v
52 37.4 34.0 i

T = point of treatmert; npf « no parasite found,
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Appendix 2
Eartage No: 2170
Age, breed & scx: 15 months intact crossbred bull calf.

Puration of treatiaect: Once.

— e —— — A — i ot ——

—— e —— T e ——

Postinoculation -¥§ﬂp5rature % PCV % Parasitaemia

period (days) &

—— _.__6._ I —— s 27 g T8 o .
20 37.7 30.5 "
23 38,2 28.0 0.12
26 k.0 23.0 1.60
27 3E.5 26.0 1.27
28 38.2 24.0 1.96
29 390 25.0 1.07
30 39.5 18.0 8.42
3N 39.5 21.5 8.13
32 38.5 1€.0 11.07
33 39.2 i7.0 12.44
34 1 39.2 15.0 17.05
37 38.1 14.5 1.71
38 35.8 19.5 1.63
39 21.5 1.47
4c 3.0 22.0 0.73
45 33.7 22.5 upf
45 37.0 20.0 v
52 37.4 25.5

T = point of trcat.cnt; npf = no parasite found.
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AEEendix 3
Eartage No: 2165%
Age, breed & Sex: 15 months, intact crossbred bull calf.
Duration of treatmeant: Once.

I . G W = ¢ s a B ——— - — " ——— - —— S— — = ——

Postinoculation Tampegature % PCV % Parasitaemia
period (days) C
T T

20 38.7 31.0 o

23 3.7 32.0 0.27

26 39.0 25.0 1.32

27 39.5 20.5 2.53

20 38.0 29.0 1.97

29 40.2 29.0 2.01

30 39.7 25.0 4.17

31 39.3 22.0 5-31

32 36.2 24.0 3.81

33 36.0 24,0 1.7

34 37.3 24.5 1.47

35 39.0 22.5 1.53

37. 37.5 27.0 1.56

40 37.9 24.0 0.67

45 29.4 27.0 npf

4o 35.4 24.0 "

52 38.5 30.5

e # el m— e —— I e S S D

#No treatuent was administered throughout the course of the
experinment; npf = no parasite found.




115

Appendix 4
Eartag ilo: 2149
Age, breed & Sex: 16 months, intact crossbred heifer calf,
Duration of treatuent: Oncc.

. — At w—— G — o ——— D e e ————— B —— ———— W A e —

Postinoculation Iempegature o PCV % Parasitaenmia

period (days) C

T S '"'zE'.'o"‘" o -r.l.p-f
20 39.1 32.0 0.60
23 37.2 27.5 5.00
26 40.0 24.0 10.59
27T T 40.0 14.5 21.71
28 39.7 12.0 18.89
29 40.3 12.5 19.01
30 3¢.0 12.5 19.25
31 33.7 13.5 12.17
32 39.3 15.5 7.22
a3 38.3 16.5 5.70
37 38.0 23.5 0.59
40 38.0 23.0 npf
45 39.1 15.5 "
40 38.1 21.0 -
52 3.3 34.0 #

—— e - —— W - — -

T = point of trecatuent; npf = no parasite found.
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Eartag Wo: 2123
Age, breed & S5er: 15 wonhs intact crossbred bull calf.
Poratioe of treatuent: Twice.

Postinoculation  Teupegature % PCV % Parasitacula

period (davs! o<

s _0__..__ N _599 IR .-3_2.'.0__ R np_r_.-
20 3.5 33.0 0.19
23 3¢.1 31.0 4.17
26 40.2 1€.5 7.00
a7 38.2 19.0 .14
28 39.0 20.0 4.97
29 3€.3 .0 6.21
30 3¢.3 20.0 7.54
3N T 39.1 9.5 5.33
»r 3.3 23.0 2.77
32 33.4 12. 1.04
37 38.7 26.5 npf
40 3.2 32.0 i
45 40.0 23.0 B
42 36.2 32.0 "
52 3.2 30.5 "

T : point of trealuc:t, npf - no parasite found,
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Appendix 6
Bartay o 2177
Age, Breead & Seir 14 monthas, intact crossbred bull calf.
Duration of treatoent: Twice

Postinoculation  Tespegature % PCV % Parasitaeuia

period (4ays) C

T o T T Txme ms ot
20 3C.7 31.C 1.00
23 3.0 24.5 4.27
26 3¢.1 22.0 11.32
27 3¢.0 19.5 14.57
26 39.1 15.5 19.01
29 39.0 17.0 15.28
30 39.2 12.0 12.80
317 32.5 4.5 5.17
2T 3£.3 16.5 6.12
33 3.3 14.5 1.49
37. 3.2 17.0 0.34
40 38.0 23.5 apf
45 39.3 20.5 .
43 3.0 31.0 "
52 37.2 33.0 “

T = peint of treatiient; npf = no narasite found.
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ﬁpgendix M|
Eartag Wo: 2173
Arze, Breed & Sex: 15 months, intact crossbreed heifer calf,

Duration of trcatoent: Twice.

Postinoculation  Tawpegature % FCV % Parasitacaia
period (days) C
T T Twe T s mer
20 36.8 30.5 0.17
23 36.0 30.0 1.60
26 39.2 27.0 5.92
27 39.5 24.0 T.24
28 3.3 24.0 8.5
29 H0.4 20.5 23.97
30 40.1 20.5 2C.00
31T 40.1 14.5 32.63
327 39.4 17.0 22.69
33 3.5 16.5 13.37
37. 33.9 18.5 2.29
40 3%.1 24.5 1.33
45 39.1 20.0 apf
48 37.6 31.0 "
52 37.8 29.0

T = point of Lreatment; anpf = no parasite found.
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Appendix 3
Eartaz Jo: 2172
Ace, Breed & Sex: 17 wwoaths, intact ccossbred heifer calf.
Duration of treatmoet. Twice.

—— e —— w8 R e e e e — A —— e m—— S — ——

Poztinoculation *aapesature ¢ PCy % Parasitaenia
pericd (days) c
e R 3" 9 T mmae “;l‘p}.“ -
20 39.2 33.5 0.£80
23 3.1 26.0 5.44
26 40,3 26.0 5.31
27 39.% 17.5 9.01%
2¢ 36.2 18.0 T.28
29 33.0 19.5 5:.17
30 40.0 16.5 4.50
AT 35.5 16.5 2.02
327 39.2 17.0 2.17
33 33.8 20.0 0.80
3 34,0 24,0 G.20
&) 36.0 26.5 npf
45 39.0 29.0 a
43 3.2 30.5
52 3:.2 25.0 "

T = point of treatuentc, pf = no parazite found.
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&phendix 9
Fartag ('o: 21,¢
Age, Drezd & Sex: 14 wonths, intact crossbred heifer calf.
Duration of treatment: "hrice.

Posf.in:—c;x:l-;b:oll_‘ “vl:et;e‘ga ture N % E;C; ‘ % Tmaf&a::
Period [days) ()
e T T T T T T Tme T e
20 34.0 36.5 G.35
23 3.3 2¢.0 3.41
26 ho .G 20.0 .33
27 35.0 19.5 21.35
28 32.3 17.0 23.03
2) T 41,0 15.5 16.67
30 % 40.0 17.0 14.00
31T 37.1 16.5 2.92
3z : 12.5 2.34
33 3. 26.5 1.97
37 35.0 28.0 0.94
40 37.7 30.5 0.57
45 40.2 29.5 npf
48 3:.C 2.5

52 37.5 26.5

-

— e A — S —— e —

T = point of treatmeal; npf : no parasite found.



Eartag Nc- 2352
Age, Breed & Sex:

nEEmdix 10

121

10 1onths, intact crossbred bull calf.
Duration of treatuaent: Tarice.

Postinoculatior  Tewporature % PCV % Parasitaenia

Pericd (days) °c

T e T 0T s et
20 - 30.5 "
23 X7 25.5 0.19
26 3.4 29.5 2.14
28 3..4 34.5 3.27
30 3o.2 1€.5 T.14
33 3G.1 17.5 11.25
35 3.1 16.0 £.42
3T T 3.2 15.5 3.54
3BT 3.7 15.0 3.15

%39 T 37.6 15.0 2.06

#Died on day 3% pi, on the day the firal treatment was

given: T - point of treataent; npf = no parasite found.
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Appendix 11

Bartag No: 2130%
Age, Breed & Gex: 12 wonths, iatact crossbred bull calf.

Duration of treatwent: Thrice.

Posti;;;;1;;;;;".m“ﬁféggéggzh}e % PCﬁf‘l % Parasitae;;;

Period (days) C

..“*&_B_M_H_M_-ﬂm,Ammngg:g_.w_*_w"ggjg__ﬂ__“m“m‘npf%
16 3.4 31.5 1.20
20 3.6 25.0 . 9.89
23. 37,6 26,5 14.02
26 46.0 6.0 17.53
27 39.4 17.5 19.21
28 377 16.5 21.27
29 39.0 16.0 12,19
30 42,1 23.0 4,03
3 3¢.3 23.5 3.64
32 3.2 25,0 2,09
33 37.0 28.5 0.51
37 37.3 25.0 0.46
40 37.0 26.5 0.41
45 3.9 27.0 - npf

. 48 7.7 32.5 f "

52 37.8 25.0 "

No treatment was aduinistered throughout the course of

the experiwent; apf - no parasite found.
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Appenaix 12
Eartag HNo: 22C4
Age, Creed & Sex: 12 woanths, intact crossbred bull calf.
furation of treatwent: Thrice.

Postinoculation Tempegature % PCV % Parasitaemia
Period (days) c

—_— - - T - -

0 30.3 31.0 npf
20 33.9 36.5

23 3.0 2.0 3.20
26 35.3 19.0 9.68
27 2.6 16.5 11.01
23 37.5 19.0 10.69
29 32.1 16.0 5.21
30 38.1 16.5 4,77
31T 32,2 14.5 3.95
327 34.0 16.5 2.19
33" 31.7 17.0 1,15
K 37.0 23.5 0.70
40 37.7 24.5 npf
45 33.9 28.5 B
43 b L. 29.5 Y
52 3.7 30.0 L

— e — - = T ——— — .

T = point of treatment; apf - no parasite found.
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Appendix 13
Zartag No: 2210
Ape, Breed & Scx: 11 wonths, splenectomised crossbred bull calf.
Duration of treatment Oace.

Postinoculation  Tempegatore % POV % Parasitaciia

Period (days) C

T o Tms 3o mpf
20 3%.2 16.0 o
23 37.6 12.C "
26 38.2 19.5 :
28 Sued 26.0 e
30 33.6 27.5 1.3
33 3.2 20.C 13.13
35 30.2 7.5 22.56
3T 7T 32.0 2.5 30.51
38 37.9 9.0 34.72
39 37.4 6.5 29.21
40 33.9 6.5 25.53
42 33.5 10.5 13.89
%43 . Died -

fiDied on day 43 pi, 6 days posi - treatment; 1 = point of

treatment; npf = no parasite found.
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nkfcndix 14
Eartag No: 234C
Age, Breed & Sex. 10 wornths, splenectomised crossbred bull calf.
Duration of treatment: Once.

—— i —— o — e T e A — e S  —  — S ——— A

Postinoculation Temporaturc % PCY % Parasitaenia
Perioa (days; L
o xe o wef
20 3.7 25.0 "
23 37.7 25.5
26 38.0 31.0 0.1&
23 3.5 25.0 0.92
30 2.5 25.0 2.84
33 37.9 2.5 10.39
35 3.4 20.0 40.79
37T 3.5 13.0 31,04
32 37.7 13.0 20.13
32 3t.2 15.0 16.80
40 31.2 20.5 6.98
b2 K4 5.5 2.54
43 39.0 15.5 1.42
“h4 36.5 2.5 0.31

“Died on day 44 pi, 7 days posu-ireatment; T - point of

treatment; npf = no parasite found.
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Appendix 15
Eartag No: 2333
Age, Breed & Sex: 11 months, splenectomised crossbred bull
calf.
Duration of treatment: Once.
Postonoculation Tempcrature % PCV % Parasitaemia
Period (days) °c
0 39.1 26.5 npf
20 38.7 17.5 "
23 38,8 17.0 "
26 37.8 17.0 v
28 37.9 20.0 "
30 38.0 20,0 "
i3 37.8 23.0 0.91
35 38,5 23,0 1.30
37 38.0 20.5 3.26
38 38.5 17.5 5.05
39 37.8 17.5 14,65
40 T 38,2 15.0 8.05
42 39.1 11.0 8,73
43 38.1 9.0 5.13
44 38.7 15.5 3.13
45 39.4 15.0 1.40
46 38.6 16.5 0.67
48 39.6 19.0 npf
#52 - Died -
®Died on day 52 pi, 10 days post-treatment; probably dve to failure

to respond to treatment; npf = no parasite found; T = point of treatmﬁj]
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Appendix 16

Fartag Ho: 2182.

Age, Breed % Sex: 13 moutha, splencctoudsed crossbred heifer
calf.

Duration of" treataent: Twice.

A —— . — A ® > St B e s S S Gl 0 . ® v b 5 et G -

Postinoculation Tempegature % PCV % Parasitaenia
Period {days) c
Y T

20 39.3 29,0

23 37.5 24,5 3.58

26 40.5 16.0 6.30

27 4 39.9 11.5 18.27

28 T 3.6 11.0 25.35

29 40.0 $.5 32.75

30 40.0 10,0 37.50

31 39.5 13.0 19.28

32 38.2 16.0 7.23

33 38.4 16.0 3.1€

37 3.9 22.5 npf

40 37.4 27.5 '

45 38.E 22.5 .

48 37.5 25.5 N

52 37.6 1.0 i

1 = point of treatment; npf = no parasitec found.
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Appendix 17
Bartag Yo: 2185,

Age, Breed & Sex: 13 months, spleaectouised crossbred heifer
calf.

Duration o: treatment: Twice.

Postinoculation  Tempegature % PCV % Parasitaenia
Period (days) c
T o Tass  aso wmer
20 39.2 26.5 9
23 k.3 24.5 0.17
25 36.5 26.5 5.38
27 39.2 16.5 13.53
2¢ 3.4 18.5 15.14
29 4C.1 17.0 19.87
30T 40,2 12.5 26.63
T 33.5 13.0 1£.22
32 3.5 14.0 7.32
33 3.7 15.0 3.05
37 3.9 12.5 npt
40 38.4 26.0
45 36,6 20.5 "
42 36.0 21.5 "
52 3.2 2v.0 -

—_— - e i et ——

T = point of treatment; npf = oo parasite found.
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Appendix 15
Eartag do: 2237.

Age, Breed & Sex: 10 months, splenectouised crossbred bull
calf.

Duration of treatment: Twice.

——— % ¢ . A St T % W mme— % e T m m s e e o W W e—

Poatinocqlation Tempegature .ﬁ PCV % Parasitaeuia

Period (days) C

T o ma xzo et
20 3.7 21.5 "
23 39.1 15.0 2.18
26 39.1 15.5 10.16
27 3%.2 15.5 23.76
25 39.0 19.5 29.05
29 T 40.5 14.0 40.59
30 ¢ 40.3 13.5 42.64
3 40.2 11.0 32.3%
32 3.7 12.0 13.64
33 3.3 13.5 5.84
37 39.3 15.5 npf
40 39.2 20.5 u
45 33.7 5.0
48 3.7 20.5 L
52 37.5 31.0 1

T = point of treatment; npf = no parasite found.
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Appendix 19
Eartag lNo: 2199.
Age, Brecd & Sex: 12 nonths, splencctomised crossbred heifer
calf,

Duration of treatment: Thrice.

Postinoculation Tempesahure Y. PCV % Parasitaenia
Pericd (days) C

—————— ———— — — — — o —— W " S -

0 38.9 2.0 npf
20 3£.0 24.0 L
23 38.2 25.9 C.69
26 38.5 24.0 8.62
27 39.2 24.5 22.97%
22 30.5 23.0 27.62
2T 41.0 12.5 20,11
30 ° 39.0 8.5 31.96
3T 36.7 9.0 25.73

32 - Died -

—— - T — e ———— . —— - ———

#Died on day 32 pi, a day after the last oxytetracycline

treatment; T - point of treatment; npf = no parasite found.



&EPpndix 20
Eartag No: 217E,

Age, Breed & Sex: 14 nonths, splenectomised crossbred
heifer calf.

Duration of treatuent: Thrice

. . A st i e i A e e e e e e S e —— S ———

Postinoculation Tenpesanure % PCV % Parasitaemia
Period (days) C

S B S W Gl S R ——

0 35.0 36.0 npf
20 R.G6 26.5 u
23 3.5 25.5 2.33
26 3%.1 23.0 12.96
27 39.5 23.0 14.37
28 39.1 24.0 15.02
29 40.7 16.0 7.93
30T 40.5 11.5 85.80

#31 - Died -

——— —— . 0w e - — - -

%Died on day 31 pi, a day after the first oxytetracycline

treated; T = poiut of treatment; =:upf = no parasite found.
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Appoendix 21

Eartag No: 2195

Age, Breed & Sex: 12 months, splenectomised crossbred
heifer calfl,

Duration of treatument: Thrice.

. o -~ -

Postinocﬁlation Tempesature % PCV % Parasitaemia

(pi) - days C
o .0 2.5 npf
20 35.6 31.5 "
23 37.6 31.0 1.20
26 - 24,5 16.36
27 3. 24.0 17.26
28 37. 20.0 70.91
20 T 40.5 10.5 30.60
30T 39.4 10.0 29,95
31T 36,2 T.5 22.38
k" I 37.0 11.0 21.13
33 37.% 17.% 15.64
a7 7.4 21.0 npf
40 35, 20.0 "o
45 3.z 20.5 w
43 38.5 21.5 "
52 38.0 22.5 n

B ot e+ Bk .. 3 sl A Mt B i r, Al e = ok - el

T = point of treatmeizt; npf = no parasite found.
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The occasional clinical anaplasmosis experienced on the
National Animal Production Research Institute (NAPRI) farm
Shika, coupled with the absence of adequate data on the epidemio=-
logy of bovinc anaplasmosis in Nigeria stimulated this study.

The programme was designed to investigate the prevalence of
the disease among cattle on HAPRI farm, selected cattle herds
around Shika, as well as in slaughter cattle at the Zaria
abattoir. It wasalsc aimed at evaluating the duration of
treatment required to cure the clinical disease by using
Oxytetracycline.

The rapid card agglutination test was used in the sero-
epidemiological survey, because of its simplicity and convenience
to use even on the fleld.

The results of the investigation revealed that the
pravalence of anaplasmesis under different types of husbandry
methods varies. It was shown that NAPRI with over half of
the total samples tested had the lowest percentage of reactors
and hence the lowest disease prevalence., The existing rigid
tick control regimen in NAPRI was suggested to be reviewed,
in such a way that cattle on the farm will be allowed better
and adeguate exposurc to the disease and hence obtain higher
degree of premunity. Chemotherapy was also suggested as a.
means of controlling pest immunization reactions, where artificial

premunization is feasible,



The prevalence of anaplasmosis in slaughter cattle,
as well as on a private farm, was c¢onsiderably higher than
in NAPRI cattle, the University farm and a government farm
around Shika. The need to conduct a nationwide survey to
determine the prevalence of anaplazmosis in Nigeria was also
highlighted.

In the second part of the study, the duration of treat-
ment of the clinical disease in cattle was investigated,
Oxytetracycline Q50, being the most widely accepted as the
drug of cheoice in Nigeria, was used at 10 mzg/kg body weight.
It was administered intravenously. A total of 27 crossbred
calves (12 intacts, 9 splencectomised and 6 uninfected control)
were subcutaneously inoculated with Sml, of 1% (2x107)
infected erythrocytes, from a known carrier. The calves were
divided into 3 groups for treatment purpcoses. The first
group Wwas treated for only one day. The second and third
groups were treated for 2 and 3 consecutive days respectively.,
Treatment was administered when the packed cell volume (PCV)
had dropped to 16 per cent or below. The degree of parasi-
taemia, as well as the extent of the anaemic crisis were
observed in all the groups.

The pattern of the development of parasitaemia, irres-

pective of the duration of treatment, appeared to be similar



in both intact and splenectomised calves. However, the
splenoctomised calves had greater percentage of parasitaemia.
The PCY fluctuation follcwed the same pattern in both groups.
But the splenectomised calves were observed to suffer more
anaemic crisis than the intact calves.

A study of the survival rates, with therapeutic inter-
vention, showed in the intact calves, that all those treated
once and those for 2 consecutive days, recovered. In the
splenectomised calves, all those treated once died, while
all those that were treated for 2 consecutive days survived.
Late drug intervention waz noticed as the cause of death in
one intact and two splenectomised calves treated for 3
congecutive daya.

It was concluded that 2 consecutive treatments of céttle.
with anaplasmosis using oxytetracycline at 10 mg/kg body
weight was sufficient to cure the disease. It was also

found to be more eccnomical,



