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NorwirHsTaNDpiNG that more than twenty vears have elapsed since
Theiler discovered the causal agent of bovine anaplasmosis, the posi-
tion in connection with the control of this disease still remains unsatis-
factory in those ureas where it has not been possible seriously +o
influence the tick population. Immunisation against the diseas¢ ¥
the use of dnaplasma centrale has been proved to be of great vi e
and the extension of this means would nndoubtedly reduce consider-
ably the losses at present due to dnaplasma marginale infection. In
this short study is described, in addition to certain observations on
the disease, a chemotherapy whiclh seems to be distinctly promising
and which, possibly, might serve as a starting point for the develop-
ment of an eflicacious treatment. An eflicient method of treatment
is an essential requirement tor the control of the disease as it occurs
in many areas. The losses due to 4. marginale especially im the
better class of stock are comstderable, if it be taken into consideration
that the disease is widely distributed throughout the world.

It 15 proposed, in this article, first to deal with the observations
made on untreated bovines suffering from the disease and then, when
considering the chemotherapy, to study the effect of the treatment
on the various major symptons thus determined.

The strain of 4. marginale used 1n these cxperiments was
obtained from a dairy cow in the Pretoria District. In this herd
the loss of bovines from anaplasmosis had been severe. The
transinission to the various experimental animals was carried out both
via the subcutaneous and the intravenous route by the injection of
citrated blood. The disease which resulted in susceptible adult
bovines was alwavs severe and in only a few cases in such animals
did recoveries without treatment occur. In young susceptible bovines
recoveries were the rule. Occasionally bovines did not react. This
was not unexpected as some of the bovines utilised in the experiment
were obtained from areas where anaplasmosis was known to occur.
Such resistant hovines and others which reacted only slightly were
not considered as suitable for experimental therapy. Ounly those
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which showed an initial severe reaction were treated. e conse-
gquence of this arrangement was that all bovines selectea tor treat-
ment were only utilised after the disease had run several days of its
course.

At the commencement of the subinoculations the strain was< cnn-
taminated with Piroplasma bigeminwim and Theideria mutans. ase
parasites were lost during the course of transmission from animal to
animal. The reservoir of A. murginale infection now utilised 1is
hovine 2889, This animal helongs to the eighth gen  idon and for
the last two-and-a-half years subinoculations to the n=  er of forty-
four have been made into other bovines without the production ~¥ a
single case of either P. bigeminwm ov T'. wutans 1nfection. e
freedom of bovine 2883 and consequently of the strain from con-
tamination of 7. bigeminum was further established by the injection,
into many of these animals, of blood infected with /2 bigeminum
with positive results. Working with a pure strain of marginale
was of great advantage for, obviously, the complications introduced
by a prior reaction to piroplasmosis would possibly affect th~ «nbse-
yuent reaction to anaplasmosis especially as the latter wo ave,
at times, occurred within a day or two of the former that 1s before
the bovine could have recovered entirely from the effect, especially
on the blood, of the piroplasmosis.

The major manifestations of A. marginale infection in un
bovines will now be dealt with.

The period of incubation after artificial infection 1s, when judged
by the first appearance of the parvasites, as short as 11 days in some
cases; when judged by the first elevation of temperature the shortest
period 1s 14 days. In all the cases the parasites were determin |
before the first elevation of temperature, appearing usually  ree and
exceptionally six days earlier. The period of time hetween the
appearance of the parasites and the first elevation of temperature is
not characterised by any symptoms which would likely attract
attention in other than experimental cases. The first definite signs
of illness appear with the temperature elevation. The disease conse-
quently is one which 1s established for several days before thera-
peutical interference can be undertaken. A treatment to e of value
under natural conditions must be one which can hear the test of late
application. The exannnation of stained blood smears at the cowm-
mencement of the infection shows the peripherally situa | parasites
few in number and clearly defined. Within a few days the number
of parasites has increased greatly. Thereafter in many cases there
is a fairly rapid decrease of parasites. As soon as the polychromasia
and punctate basoplhilia appear—-anisocytosis having already been
evident for several days—usually at about the third to fifth day of
temperature, the parasites are somewhat masked and are more difficult
to enumerate. When special measures are taken in the preparation
of the blood smears the enumeration is facilitated. The method
adopted for this purpose is the preparation of the Dblood smears
directly from the jugular Dblood, the smear itself being made as if it
were going to be utilised for a white cell differential count.
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The temperature in niost cases shows un abrupt mitial elevation
reaching approximately the wmaximum on the first or second day.
Tlereafter (here are more or loss warked exacerbations and remissions
o a4 more continneus curve of high temperatures until, in recovery
cuses, a gradual retwn to normal occurs.  In fatal cases the tew-
peralure also offen rettirns to normal amd may e associated wi o«
decroase of parasites. [t wonld appear thal the animal dies after tae
activity of the parasites has decreused.

Al the onset of the isease ihere is souie conatipal.i-uu. the faeces
being in the form of hard pellets, small, smooth-surfaced, und shiny.
Later the quantity of faeces hecomes less and less until 11]11111(117(’11‘
there way he a eessation of defaecation, iwdicative of a complete
atony of stomach aml inteslines. No case of dinrrhoea has heen
uhserved.

The usual changes in connection with rumination, appetire, con-
dition of skin, ete., associated with a high fever are prominent. The
animal wmay not partuke of food for days on end. The respirations
andd pulse ave acecelerated hut, ii the huvines are nov disturbed, distress
does not become a conspicuous fealure.

The mucous mewhranes ol the eves and the wouth ave at 1 4
slightly reddened but soom hecome pale, Occasionally, awd then oniy
for w short time, ds an icterus preseat. Many cases show practicalls
no vellowish cotouratien. This comparative ashaence of wetevic mucous
membrancs in the cases nuder chservation Iy all thie more swrpris
when it is talen foto congideration that the plasiea on the samwe days
shiow the presenee of a deep vellow colour.  In hovine 3208 the
colour of the plasia was subjected o colorimeter olservariouns al
frequent intervals over a period of several weeks.  The wucous
wembranes were still of a pinkish colour when the ploswa was a
deep vellow,  The most intense vellow colouy was observed in the
plasmwa on about the 3t dayv of temperature whereas the muoeons
wembranes showed no terdencey towards aun deterie colevation unril
about the [Hh dayv after fivst temperature elevation when the yellow
colour of the plasma was already becoming less interse. Twi dawvs
later the muceous membranes were definitely vellow, Dy this tame
the red cell count had dropped {0 below 5 millious of red cells per
conn, On aceount of such observations nf the lateness of the appent-
ance of jeterus of the mucons membranes and ils indefintteness, this
symptown cannot be regarded ws ol anv great 1mportanee or asststance
when dealing with the exsmination ol a hovine for aoaplasiosis,
The plasma u)lmu.l‘mm an the contrary, should be regarded us heing
a sign of seme value, No explanation s advanced Lo m-u:unt fov this
absence, in the early stages of the experimental cases, of a definite
vellow colouration of the mucous membranes, 1o the wsue l”\ acvepted
doseribrion of the dizease, irlerus as a sywplow is given a promin ¢
place. Tt may be that the Jescription of the symptoms of anaplas-
mnsis has been hased lareely an observations wade {owards the enid
of the course ol the disecase.

The variations in the red cell counts and the red cell volume
(red jirecipitare percentage) of the various animals observed follows
g fairly uniform course.  The figures for the red cell count--the

271






B. S. PARKIN.

cell count, a general improvement, which, however, may he inter-
rupted and arrested by a temporary increase of parasites and, at
times even, a temperature elevation.

CHEMO1 RAPY OF

Tn recent vears there has been a large amount of work carried out
in an endeavour 1o establish a specific treatment for bovine anaplas-
mosis. A number of ¢laims have been advanced for various drugs
but of these it is intended to refer to only a few swhich have been
strongly advocated by certain investigators,

Freund (1929) referring to bovine anaplasmosis in Palestine says
that the disease, as a rule, runs a prolonged course but does mol
wsually end fatally. He claims that the most satistactory results in
ireatment were obtained by combining Atoxyl with either Antimosun
or Stibosan and that the Antimosan infliuences the fever in a favour-
able manuer.

Diebeu (1929) advocates the use of Collargol. Ile, however, does
not supply sufficient data to enable one to form an opinion of its
effects on the disease. Collargol was later also used by Lagus and
Serjffers (1931) in outbreaks of the dizease. The diagnosis was not,
in every case, supported by hlood smear examinations. Consequently
it 1s not possible to assess the true value of the treatment. In their
cases there 1s; at times, no reduction of the temperatures until 72
hours after the fivst injections. They stress the advisability of early
treatiment, and are inclined to ascribe the absence of icterus of the
mucous wentbranes, observed in all but two cases, to their early
application of injections of Collargol. In addition to the fact that
soute of their cases may have been diseases other than anaplasmosis
or very mild attacks of this disease, there must also be considered the
possihility of the non-development of icterus In even severe cases
especially during the early stages of the course of the disease. They
wdminister the Collargol intravenously as a 1 per cent. solution in
doses of 2 gm.

Ducloux and Cordier {1930) use guinine associated with certain
dves and arsenicals.  Jacotot ond Fvanno (1931) also claim good
results with guinine when associated with an arsenical.

Farber (1930) working in Palestine reports u number of cases
treated with trepaflavin but gives details only of o few., The dose
of Arypaflavin he uses is approximately 2 gm. administered intra-
venously in a watery solution. s chief claim is that the parasites,
i some cases, disappear soon after the first injeciion. Such a dis-
appearance of parasites would undoubtedly be the best criterion of
the specificiiy of trypaflavin., He claims also an anmelioration of the
disease with a rapid returne of temperatures 1o nermal.  Unfor-
tunately lie provides temperatures for only a few davs and one can-
not, therefore, judge whether the reduction in temperaiures to normal
is temporary or not, although Velu (1933) regards Firber's cases as
an illustration of the return to normal of the temperatures due to
the use of the drug. As regards Firber's elaim of disappearance of
parasites 1t is of interest to compare his findings with those of Picollo
reported below.
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Velu (19531 i a strong supporter of the use of flavins in anaplas-
nosis. fle claims that Gonaerine is the Lhest drug for ansplasmosis
that he has met with during ihe course of several vears © houg® he
has not had the opportunity of trving 10 out on many cises, he
dose e vecommiends is 1 oem, e advocates Gonaerine puotiendarly
in those cases where ihe diaenosiso on aeeonnt of von-avarlabilite o
facilities For smear examinations, cabuot he ddefinitely made, holdme
that (ronacrine is ellicacions in both piroplasinosis and anapluasniosis

The exiract Trom the seport of the Proviceisl Vevarisent k-

diger Pienst o van Ocst=Java (19330 on the wee of T pathvae e
not sapphy sndlicient data o enalile one to neeribe o 00 Gy cediniie

heneticial eftect on the disease.

The most comprelens e ad cor ool led sworlec on fo ase of fav -

o anaplasmosiss available to vhe wetters s that of Preolle 19028
e ivides his o work into Tour <~cctions each o which deals wioh o
nuivher of hovives tported oo Brasil Do ceeopes Do the e
wo cections heoawdmimisters intravenousty Pevpadionin Ta doses o
-2 om 1o O cm, N Teast two doses are oiven and, tnoaddisao

adjovanis soehoaxootlss ether and <erum ore used. Toothe il
faurth sections he uses no adjuvant=s hut inercases the coses ob 4y s

favin,  1lis Taveest stngle intravenous dose o< 3 o and the oeanes

quantity given onoany one day is N oo i two dosesss oo

cases the inJections are repeated ol Dregquent tntervals with the conse-
quence that one cuse received no lTess than 16 gn Tu no case does
e adnunister less than two doses, some receiving 6 1o 8 doses. To
one hovine 1s oiven 4 ogm. intravenously oand 13 g per oo~ The
Dijections In some cases are <pread over several weelso fine wonld
expect that the use of the diug in such Taree quantities, of [Tarher’s
experience bhe taken into consideration, would have, in =ome cases ot
any rate, resulted o the disappearance of the parasives Arom the
Dlood snpears. Pieollo) however, found o persicdence of the parasttes
subcequent to the completion of s bajections, B5the temperatares
ol Preollo’s cases he examined, it will bhe seen thar these e not
veduced 1o auy wreal extent o with oy uniforndty by the tse ol
Trypatlavin.

Taking the foregoing into consideraiion awd also o few cases
treated, with Tevpattavin o 16510 ar this Tnaitution. the writer can
corte 1o ne other corelusion hue thar Trvpatbovin aod pos<ibly alao
Gonverine have Bitle, iF auy, honeticial offect on anaplaosniosis: il
cortatnly cannot he vegarded as o specifie for the disease. The e
recovery of a bovive Trom o ocnlasimosis cannot bhel with saleiy
advanced as o proof of speciticoon ot even of being of any beneticial
value for the veason that, i anaplasmosiss one i dealing with a
videly distributed parasiic of considerable variations of vivnleney ol
with hovines whieh apparenty have o variable resistanee o the
disenses Young bovines <eem to have o greater resistance (o anaplos-
mosis than elder ones. Until one could e certain that, for exjaeri-
pientation, a unitorm susceptibilitv of bovices Is available and o
uniform viralency of parvasites i~ arrived at. one cannot recard,
expecially when dealing with <mall nuinbers, the recovery of treated
bovines ax a true iudex of the efficacy of the dvug experineniced witl.
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The possibility of arviving at an opinion of {he efficacy or o erwise
of a drug could perhaps be best attained by the counsideration of the
effect of the drug on the parasites and on the various munifestations
of the disease.

In the examination of the untreated bovines, the chicf points
obseryed were 1n relationship to the parasites, the femperature, the
atony of the stomach and intestines and the length of the course of
the disease togethier with the condition and general behaviour of the
animal.  1f now 1n eacl bovine the observations on these manifesta-
tions show that the use of a drug has aifected theni 1n a bheneficial
manner, then would 1t he permissible to advance a claim for the drug,
especially it two, oy wore preferably, of the manifestations be bene-
fictally influenced.  As it often requires onfyv sonie slight beneficial
effect 1o direct a case of anaplasmosis along the road to recovery, even
such an imfluence would he ereat assistance in combating the disease,

Fowas with the above idea of the correct line of investigation
that the experimenis on the chemotherapy were so arranged that the
effeet of the dvug used could be determined on the individuals treaied.
After the abandonment of the use of trypaflavin and other drugs
the experiments, Mercurochrome 220 soluble was wsed.  This drug
gave 1ndications early on of being a drug worthy of sowme attention.

Mercurochrvome-220  soluble, dibrom-oxvmercuro-fluorescein, is
extensively used us o disinfectant of the skin and genito-urinary tract.
It has also been recommended for certain hiood infections,  Its
administratlon o a watery solution by the intravenous route does
not appareutly produce any ill-effects 1f the doses he properly regu-
lated. The writer has given 1t in this manner to normal horses, cartle
and sheep.

The strain used in these experiments was, as has been alvendy
mentioned, passed from hovine to boviue by artificial weans. It
produced in practically all the susceptible adults a severe Infection.
L the lurge number of voung bovines inocnlated the disease was only
occastonally of a serious nature.

The dose of Mercurochrome used 11 these experiments was
04 gm. in calves and a maximuam of 1-3 gm. in fully grown adults,
Iowas always given in a 2 per cent. saline solution Intrajugularly.
Only in four cases was a second injection of the drug given, auwd of
these four three died. However, as can be seen on veference to the
table, twe of these three aninials were freated very late in the course
of the disease. The 1nformation in connection with the third Lovine
was meagre, due {o difficulties in controlling it, but the discase was
well establishied bhefore treatment was applied.

The administration of a drug conlaining mercury to an animal
suffering from a disease which produces marked changes in the lver
should, however, be unilertaken with care. Only one bovine receiving
a single dose of mercurochrome died.  This animal received 1he
injection when n catremis.

The temperature of all the bovines trealed was reduced. The
reduction at times was spectacular being, in some cases, as much as
SO I In most cases the drop to normal persisted until complete
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vecovery resulted.  Occasionally there was o shight lemperature eleva-
tion which, however, never reuched as grzat a height as belore the
injection.  This elevalion of tewperature did nol persist Ter longer
than a few hours and In no such vase was il necessary To instibute
Lreatiment,

No obvious effect on the pavasites was observed us the result of
an injection of Mercurochrome, lu a number of cases (reat ent was
commenced comparatively late, i.e. actuaily at a fime when one would
have pxpectled the parasites to show a decrease whether treated or not.
Consequently the enumerallon of parasiles gave no lnlcrmation of a
reliable nature.  No bhovine was treated vevy eavly, Le, belore the
first elevarion of temperature scon after the parasites had appeaved.
Such unearly applicaiion of rreatment might give further informarion
an the point ag to whether the parasives are or are not affected by the
Mereurochrome,

The constipution or later the acinal rcessation of defaccation in
anaplasmosis was strikingly affecred by the use of Wereurochiome.
Tn normal sheep the action on the defaecation of ©orly large doses,
alven intravenously, was somewhal irregular, In most eases fhere
was purging but sowe did not react.  |f sheep were killed a few
minntes after the intravenous adwministration of Mercurochrome, a
chrome yellow coloured lngesia was found in the abomasum and small
intestines,  In eattle affected with anaplasmosis the actien of the
mibravenously administered drug was to produce, in practic. v every
case, free pureing, the laeces being lluul o natwre, chrome vellow
1w colour end voided without any marked straining. Tt has not vet
been defermiined at which point of the course of the discase the
Mercurochrome should be adminisiered (o prodoce ihe hest purging
effect. TU would, however, appear thal lhe eflect would lbe least
satigfactory swhen the red cell eount is at its lowest.  Uniformity of
action will probably depend on the proper regniation of dosage and
the selection ol the proper time for adiministration In the conrse of
the disease. For many vears the treatment for anaplasmoesis has heen
of a symptomalic nature and has been aimed at, chiefly, t  atonic
condition ol the intestinez. In Mercurachrome it would seem there
iz avallable a drug which will give the best gervice in this divection.

Blood exsminaiion, i.e. for varialions in red cells, lhe red cell
connt, and the red cell volume, was carried out in treated bovines.
The treatment with Mercwrochrome did not stop the devreaze in red
cell count or red cell volume, This continualion of the dve=an the
number and volume of red eclls was present in all the treate  bovines
exinuined. So constant was it that 1t may De taken as extablicved that
the adnunistration of Mereurochrome has no halling elfe  on be
decrease, and as the lowest red cell count of some of the treated
bovines went down to nearly 2 millions of red cells per comm. 1t
may also be taken as estublished that it had no eliect on the severity
ol the ultimale anaemia, It eannoi be decided whether the return
to mormal from the lowest point of red cell counlt wag more rapid
in the treated than the untreated cases for the reason that i 1s not
possible to say whether the imiection in the freated waz more severe
or not than in the untreated. As far as the guestion of the ellect
ol Mercurochrome on the anaemia is eoncerned it can only be said
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that there ix no obvious or well-narked 11 ence. antat oLy other
substances, e.g. liver extraet, carotine, ete., were Introduced 1+ some
casex for the purpose of causing a stop to the decrease of ihe re cells
but without success. The anaemic changes of red cells observed
stadned smears did not appear earlier in the treated thon in the
untreated bovines.

The hovines after treatment with Mereuwrochrome did nor Tose
condition as raptdlyv as usually oecurs in severe cases of anaplaismosis,
even thoueh the red cell count went 1o below 3 nllions per conm.
Thix might pos<ibly he aseribed to the eliminaiion of hioh fempera-
tures and the Diereased activite of the howels, The wnbmals o overs
case were kept guiet and saved from excertion hut no provision was
made for special et The wtilization of oreen <ueenlent Tood an
place of the zomewhat unpalatable routine ratton preovided wonld
probably have had o favourahle tnfluence.

There are <ubmwitted o table (Table Ty providhing information in
connection with cases treated at this fnstitution and muxp]n ol o tew
cases (ride Vigss 2030405 dlustrating treated and wdreated cases.
A number of cases have Leen {reaied away from Undersiepnnit with
fairly good results. The wain difliculty in the treatment of <uch
cases 1x that of determining from the exannnation of the hovine
whether 10 0s i the carvly or late stages ol the disease. The presenee
o the hlood svear of no o only o few punctare hasophilin is taken as
an indication that the disease 15 the early stages, T there are
advanced anacmie changes, the advisabrlity or not of njecting Mercu-
rochrome i< o pormnt that hax not as vet been decrded,

1. The description of the major syniptoms of hovine anaplas-
TNOSILS,

2. The utilisation of Mercurochrome-220 sol e the treatnient
of bovine anaplismosts tn doses of 04 to 13 g ninistered infra-

Jueularly,
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