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(1) 
lo INTRODUCTION 

"The search for truth is in one way hard and in the other 

easyo For it is evident that no one can master it fully or miss 

it wholly. But each adds a little to our knowledge of Nature, 

and from all the facts assembled there arises a certain grandeur'~ 

Aristotle 

There is considerable evidence to suggest that the 

canine disease caused by Babesia canis has been recognized in 

South Africa foJ."' the greater part of two centurieso During 

the nineteenth century it was called malignant jaundice, malig­

nant malarial fever and similar names but its causal organism 

was seen and described only in 1895 in r·taly. Since then it 

has clearly become one of the most important infectious diseases 

of dogs over a large part of the worldo Apart from the icy Arc­

tica and Antarctica, Australia only among the continents, until 

very recently, was considered to be free of the diseaseo 

However, since it was diagnosed in ~ueensland in 1966 it is now 

to be found in all continents where infected vector ticks exist. 

In South Africa where the climate varies for the 

grea te.r part from tropical to temperate few dogs escape 

becoming infected fairly early in life, most of them probably 

during their first yearo At the Onderstepoort small animal 

clinic, serving a limited area, some 500 dogs are treated 

annually for this disease. 

During the early years of this century there was 

great interest in the transmitting ticks and in the clinical 

features of the disease. Later a great deal of work was done 

in connection with chemotherapy, attempts at cultivation of 
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the parasites, attempts at transmission to other kinds of 

animals, the taxonomy of the organism and related aspects of 

its biology. There was early interest in the anaemia caused 

by the disease and the presence of bile pigments in the blood 

and urine, and numerous limited studies of particular aspects 

appeared in the literatureo The first broader investigations 

of the clinical pathology of the disease were made by 

Maegraith, Gilles and their co-workers at the Liverpool School 

of Tropical Medicine. Their primary interest was in malaria, 

but owing to the very great degree of analogy between 

pathological processes in the two diseases and the ready avail­

ability of dogs as experimental animals they also paid attention 

to this diseaseo This was done by artifically infecting dogs by 

subinoculation of susceptible animals from infected ones. 

As it has been observed at Onderstepoort that 

artificially infected and kennelled dogs in general get the 

disease in a milder form it was felt that a systematic study of 

actual field cases by modern clinical laboratory methods was 

dueo This was motivated by the sometimes unsatisfactory 

results of specific chemotherapy and by sporadic observations 

of disturbed function of organs only secondarily due to the 

infection. 

Quite apart from sentimental considerations (not by 
I 

any means to be discounted) the economic value of dogs on 

farms, in homes, as trained tracker dogs in the Police, guide· 

dogs for the blind and guard dogs in general was a factor not 

to be ignored. The great availability of material, moreover, 

and an opportunity of establishing a model in the laboratory 

3/ ••••• 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



( 3) 

concerned for similar characterization of other "tropical" 

infections of farm animals made babesiosis an attractive 

object of study. The term "babesiosis", it should here be 

mentioned, is used specifically in this work for Babesia 

canis infection of dogs, and not for other known or possible 

species of the genus. 

Although the primary purpose of the investigation 

was the study of the clinical pathology of the disease it was 

deemed necessary to present a fairly comprehensive review of 

the other known facts which in many cases have some bearing 

on the results obtained. In this way this thesis attempts 

to present the whole disease as it affects the dog in all 

its vagaries. 
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2o THE DISEASE CAUSED BY BABESIA CANIS: 

REVIEW 

2.1 DEFINITION 

Canine babesiosis is a peracute, acute, or chronic, 

febrile, non-contagious, infectious disease affecting chiefly 

dogs but also some other members of the Canidae. It is 

characterized typically by fever, anaemia, splenomegaly and 

a bounding pulse but has the potentiality of protean 

~anifestations. It is caused by a protozoan parasite 

Babesia canis (Piana & Galli-Valerio, 1895). 
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SYNONYl'ilS 

For the disease:-

Malignant jaundice (Hutcheon, 1893) 

Malignent malarial fever (Hutcheon, 1899) 

Bilious fever (Hutcheon, 1893) 

Biliary fever (Jowett, 1909) 

Piroplasmosip, (Nocard, 1902) 

Babesiosis (Fischer & Scheidemann, 1920) 

Tick fever (various) 

And translations such as fievre bilieuse, 

( 5) 

jauness maligne des chiens, bosluiskoors, galkoors, etco 

For the causative organism:-

Pyrosoma bigeminum var. canis Pia~a & Galli-Valerio, 

1895 

Piroplasma canis Piana & Galli-Valerio, 1895 

Piroplasma rossi Nuttall, 1910 

Babesia rossi Nuttall, 1910 

Rossiella rosei Nuttall, 1912 

Although there is no cross-immunity, Babesia vogeli 

(Reichenow, 1937) also named B. major Reichenow, 1935, may 

in due course be included under B. canis. 
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2o3 HISTORY .AND DISTRIBlJ'l'JON 

2. 3.1 HISTORY 

The early history of the disease caused by 

Babesia canis has been adequately reviewed by Henning (l956)o 

As far as South Africa is concerned the disease had been 

recognized as a district entity for more than a century 

before Piana and Ga1li-Valerio saw and descri l1ed the causative 

ore-:anj_sm in 1895. Lounsbury, an entomologist, in 1902 

colJ.ated much of this earlier information from writines, 

reports and conversations of various people who had known 

the disease during a considerable part of the nineteenth 

century. He also mentioned a letter of Lady Anne Barnard, 

a well-known personality and recoz•der of the local scene in 

the Cape Colony at that time. Dated November 29, 1779, this 

letter described a disease in dogs which was undoubtedly 

babesiosis. 

Early authors in South Africa included Hutcheon (1893, 

1896, 1899, 1907), Robertson (1901, 1906), Lounsbury (1901, 

1902), Theiler (1904, 1905) and Jowett (1909). Koch (1897) 

identified the parasite in East African dogs. After this 

time there was a spate of interest in the disease which 

lasted for a number of years and has in fact not yet been 

dissipated. The nature, morphology, life-cycle and therapy 

were studied in great detail by Nuttall (1904), Nuttall & 

Graham-Smith (1905, 1906, 1907, 1909) and Nuttall & Hadwen 

(1909) in Cambridge, Christophers (1907) and Shortt (1936) 

in India, and by Kleine (1906), Deseler (1910), Toyoda (1913), 

Ziemann (1913, 1914) and Regendanz & Reichenow (1932) in 

Germany. 
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These early days also saw great activity by French 

workers who included Marchoux (1900), Almy (1901), Nocard & 

Almy (1901), Nocard & Matas (1902), Brumpt (1919), Brumpt 

& Larou.sse (1922) and Brumpt (1938). 

It is not claimed that this listing is complete but 

it does serve to demonstrate some of the interest that this 

disease and its causative parasite inspired. 

2.).2 DISTRIBUTION 

Numerous authors have recorded their own observations 

in different countries and listed other countries where B. canis 

had been recognizedo One of the early ones was Chrietophers, 

in 1907. He mentioned Italy, France, Senegal, Tanganyika, 

South Africa, India and Assam and concluded that the infection 

was present over Southern Europe, the whole of Africa and 

much of Asiao 

Knuth & du Toit in their 1921 text added Hungary, 

Russi. a, Transcaucasia, Indochina, China, Tonkin and Puerto 

RiCOe 

Eaton in 1934 recorded the disease for the first time 

on the continental United States of America and according to 

Sanders (1937) it appeared to be fairly widespread in the 

southern States. The latter author also included the Philippines 

and Englando 

Cottier (1936) added North Africa and in the same 

year Markoff contributed places like Aleppo and Baghdad in 

the Middle Ea.ste 
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Sutli~ in 1942 reported that babesiosis was diagnosed 

for the first time in Croatia in 1939, and the most recent 

"fiT3t time" report is that of Hill & Bolton (1966) in 

Queensland on the eastern seaboard of Australie.o 

The disease is thus clearly of almost world wide 

distribution in tropical, subtropical and temperate zoneso 

The degree of prevalence is conditioned mostly by the level 

of tick life i.e. of ticks capable of transmitting the disease. 

In South Africa it is holoendemic over a considerable part of 

the t"!Ountry. In the area surrounding Onderstepoort cases are 

encountered throughout the year with a relatively lower 

incidence during the colder winter months. 

In the United States there is a fairly wide distributiono 

After Eaton's (1934) first report of its occurrence in Florida 

others followed: Sanders (1937) also in Florida, Merenda 

( 19 39) in a dog that had visited Texas, Grogan ( 19 53) in 

Virginia, Seibold & Bailey (1957) in Florida, Rokey & Russell 

(1961) in Arizona, Ma1herbe (1962) in Pennsylvania, Delaware 

and New Jersey, Alperin & Bevins (1963) in California, and 

Bucl{ner, Brock & Ewing ( 1965) in Oklahoma. 

Uncomplicated babesiosis does not appear to cause 

severe morbidity in the United States and the present author 

was struck with the apparent degree of wellbeing of infected 

dogs as compared with the ordinary case seen in South Africa. 

There seems little doubt on meticulous blood smear 

examination the disease would be found to be considerably more 

widespread than is at present known. This could well be true 

also for other parts of the world where its presence is at 

present not suspected. 
9/ ....• 
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2.4 

2.4.1 

SYMPTOMATOLOGY 

Typical Symptomatology 

The symptoms shown by the majority of cases of 

canine babesiosis have been described by a number of authors 

since the early days of its being known as a disease entityo 

Nocard & Motas in 1902 gave the first full account. They 

divided the forms observed into acute and chronic. In acute 

cases dogs were "profoundly 11 affected, with complete loss of 

appetite, a high fever (except in very young dogs), intense 

pallor of the mucous membranes due to blood destruction, fre­

quently haemoglobinuria, and clinJcal jaundice in about half 

of tnem. Weakness was progressive until the animals showed 

apparent paresis and towards the end became comatose. 

Chronic cases showed intense anaemia and only in 

rare instances haemoglobinuria or icterus. Fever, if present 

was noted only at the onset and lasted only a few days. They 

moreover showed emaciation, anorexia, weakness and a scurfy 

skin. Convalescence was found to take from six weeks to three 

months, with gradual return of appetite and improvement of 

mucosal colouro 

The presence of haemoglobin in the urine never gave 

as dark a colour as that of blackwater fever in man and in 

many cases wasevanescent or proceeded with aggravation till. 

death supervened. They further made the point that haemoglobin­

uria was not necessarily present even in animals that died 

from the disease. 

Theiler in 1904 described some more acute cases in 

which death supervened in 18 hours to a few days. He also 
I 

mentioned digestive disturbances and vomition as not infrequent 

features of the disease. 
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Since this time there have been frequent descriptions 
of the disease, all falling into more or less similar patterns. 

The incubation period after natural infection by 
ticks has generally been given in the range of about 10 to 26 
days (Lounsbury, 1901; Christophers, 1907; Nuttall, 1904). 
Shorter periods, often very few days, have been recorded with 
artificial infection, varying with the amount and virulence 
of infective material and the route of administration. 

Using the usual course of the disease as the criterion 
it is convenient to divide cases of babesiosis into four 
classes:-

(a) Peracute forms. These are most often seen in 
very young dogs which the o~~ers declare have been perfectly 
well up to about twelve or less hours previously. Many of 
these are presented in a state of medical shock with very 
low blood pressure, stagnation of blood flow,and circulatory 
failure. In these the limbs are flaccid and the animal 
virtually in a coma and not infrequently the temperature 
is well below normal. Severe haemoglobinuria is quite usually 
seen. The degree of pallor is dependent on the progress of 
erythrocytic breakdown. They respond poorly to treatment 
and tend to die in spite of specific therapy unless this is 
accompanied by energetic supportive measures. 

(b) Acute forms. These· represent the majority of 
I 

cases seen in a country like South Africa where the 
disease is enzootic and the parasites of considerable 
virulence. Fever is fairly constantly present, with 
temperatures ranging from 102 - 105°F. Malaise, depression, 
anorexia, some dyspnoea, disinclination to move, rapidly 
developing pallor of the mucous membranes, a swaying gait 
and a full, bounding pulse are usually found. In most 
cases the spleen is readily palpable and may reach several 
times its normal size. Less striking but also present, may 
be a detectable enlargement of the liver. 
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Haemoglobinuria may or may not be evident. Icterus 

supervenes in severe, protracted and neglected cases, and the 

urine becowes very heavily darkened with bile _pigmentso 

Debility is _progressive and if the dog lives lone enough emacia­

tion becorues extreme. 

(c) Chronic forms. These are seen less frequently 

in South Africa then the acute, perhaps most usually during 

the winter months when tick life is of comparatively low 

intensity. These animals sho¥\' tem.fJeratures that way be 

irregularly eleva ted, develo_pment of severe or slight anaemia, 

a capricious a_t)petite, and _progressive loss of conditiono 

(d) Atypical forms. These need special mention 

as babesiosis may be regarded on occasion as an arch-simulator, 

resembling a wide variety of other diseases. They too are 

most often seen during the winter ruonths and only occasionally 

during the height of tick activity. They have been discussed 

in detail elsewhere (Malherbe & Parkin, 1951; Malherbe, 1956). 

More recently another account has appeared (Jacquin, 1963) which 

covers a substantially similar range of clinical aberrations. 

The criteria applied to diagnosis by Malherbe & 

Parkin in their 1951 paper may be reviewed as follows:-

The mere finding of parasites in the blood of a 

sick dog did not necessarily mean that all the sympto,ms shown 

were due to babesiosis. There might be a concurrent disease 

present, or since immunity in babesiosis is not normally 

sterile, any acute attack of organic or febrile disease 

might provoke an exacerbation of a labile B. canis infection, 

so that the two diseases might exist side by side. 

Subinoculation of blood into susceptible pups with positive 

12/ ••••• 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



results would provide no proof since the pups would 

usually become infected if the patient were in a state 

(12) 

of premunition. In a country like South Africa, where the 

disease is enzootic, this would usually be the case. 

For practical purposes the atypical cases had to 

be evaluated on the basis of their response to specific 

therapy for babesiosis. This response had to be reasonably 

rapid and cou.plete, and the animal had to recover without 

any supportive treatment aimed at the particular atypical 

symptoms present. Diagnosis, or at least a presumptive 

dia~1osis of B. canis infection was of course regarded as 

desirable in ~11 these cases. 

In rare instances where specific treatment is applied 

late, the confirmation by rapid response to specific treatment 

might fail on account of the development of secondary changes 

e.g. insufficiency of the liver or kidneys or both, or the 

presence of concurrent disease such as rickettsiosis (ehrlichio­

sis). For the purpose of the present study however such cases 

were not included as they could be regarded as equivocal. 

Atypical Symptomatology 

Some of the more striking forms recorded by Malherbe 

& Parkin (1951) and ot~ers are the following, given under 

headings of most obvious system involvements. 

2.4o2.1 Respiratory symptoms. These frequently 

simulated pneumonia in the degree of dyspnoea present but no 

consolidation could be found on phy~ical examination. Prompt 
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response to specific therapy against B. canis was the rule. 

Anaemia was found in these cases and blood smear examination 

usually gave positive results. It was concluded that dyspnoea 

even in the absence of any degree of pulmonary oedema was due 

to poor oxygenation and myocardial weakness, also of anoxic 

origin. 

Marked catarrhal involvement of the upper respiratory 

tract, resembling that of distemper, characterized some 

cases, which however gave either macroscopic or clinico-

pathological support for a diagnosis of babesiosis. Response to 

specific therapy was quite striking. Though these catarrhal 

symptoms were undoubtedly occasioned by a lowering of body 

resistance it was clear that the treatment of these cases would 

be foredoomed to failure if the correct primary aetiology 

were not recognized. 

Circulatory symptoms. These were represented 

by circulatory derangements and oedemas involving the subcutis, 

accumulations 1of transudate in the body cavities, and on 

occasion purpuric lesions. Ascites in young dogs lees than 

one year old, sometimes in slightly older dogs, was in some 

cases associated" with severe subcutaneous oedema of the ventral 

abdominal region, the skin in this area often giving the 

impression of transparencyo Such animals usually ran normal 

or subnormal temperatures and parasites were often very rare 

or not to be found at all. Response to specific therapy was 

striking. The temperature rose to normal within 24 hours 

and the ascitic fluid was absorbed progressively with diuresis 

of urine with low specific gravity. Disappearance of the 
I 
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excess fluid was usually complete in seven to twelve days 

and the specific gravity of the urine returned to normal 

at the conclusion of the period. The daily 'drop of we'ight 

could be followed up to that point after which the process was 

reversed as the dog went on to full recovery. 

Up to the time of the occurrence of ascites due ~o 

hepatic cirrhosis following poisoning with aflatoxin during 

the past few years, peritoneal transudation was almost inva­

riably found to be due to babesiosiso 

A more curious phenomenon noted on a number of 

occasions was the appearance of asymmetrical localized oedemas 

of the skin, involving the face, one or both ears, joints, a 

line along one mandibular ramus, the periorbital region, the 

lips or the whole head. Disappearance of such lesions within 

24-48 hours after specific treatment was the rule. 

2.4o2.3 Purpura haemorrhagica was described for the 

first time by Malherbe & Parkin (1951). Haemorrhages varying 

from pinpoint petechiae to ecchymotic patches up to three or 

four em in 1 diameter (with irregular outline) were described as 

involving the sclerae, the iris, the buccal or gingival mucous 

membranes and usually the skin of the abdominal wall on either 

side of the prepuce and the skin on the inside of the thighs. 

Some of these cases voided red, whole-blood containing, urine, 

and on occasion even red coagula. Similar clots have been 

observed in the faeces, indicating haemorrhage into the 

posterior bowel, and in the mouth from gingival bleeding. 
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Temperature elevation and parasites in blood smears 

were irregularly observed, and the course was very variable. 

Response to specific therapy was very satisfactory, 

extravasations disappearing progressively over a few dayso 

Tt1is was accompanied by a return of appetite and wellbeinge 

Nervous systemo Symptoms referable to this 

system have been reported on several occasions since an 

early one by Farant in 1905Q Other authors include Cuill~ 

& Darraspen (1927), Purchase (1947), Frean (1950), Reusse 

(1954), Jacquin (1963) and recently Easson & Pienaar (1965)o 

These have taken the following forms: various 

paralyses, inco-ordination of the hind legs, paraesthesias, 

hysterias, goose-stepping, fits, tics of ears and other parte, 

peripheral nerve palsies and symptoms involving only single 

limbs. These cases in their varied nature were thus repre­

sentative of aberrations of both the central nervous system 

and the peripheral nerveso 

They too responded well to specific the.rapy in the 

great majority of cases, although very occa~ionally 

irreversible nerve degenerations did not all~w of complete 

clinical recovery. 

Digestive symptomso Some degree of constipa-

tion is seen in many ordinary cases of babesiosis, probably due 

to fever and inactivity and can therefore not be regarded as 

atypical as has been done by some authors. 

Parkin (1931) described a very acute case in which 

ulcerative stomatitis was prominent and in which all symptoms 
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disappeared within two or three days of specific treatment. 

Cases of gastritis with vomiting were described by Belonje 

in 1944 and these responded equally well. 

Another rather different category of cases with 

gastric symptoms, possibly with diarrhoea, due to secondary 
I 

renal failure is also encountered and requires supportive 

treatment over and above specific chemotherapyo This is 

of course not always successful and depends basically on the 

number of functional nephrons left. 
, I 

2.4.2.6 Ocular forms have also been recorded and can 

be added to similar lesions found in other protozoan diseases 

such as toxoplasmosis, trypanosomiasis and leishmaniosis of 

dogs. Lavier & Fombeure (1922) found in a systematic 

examination of a dog which had died of acute babesiosis that, 

though the peripheral blood contained few parasites, the 

capillaries of the retina and cili,ary body were "positively 

bulging" with parasitized cellso Other cases of theirs showed 

transitory keratitis and iritis and in one there was a large 

opaque "body" in the aq,ueous humor of the left eye. In this 

latter instance the iris and cornea were not affected. 

Pathogenesis of aty~ical babesiosis. It is 

a well-known pathological phenomenon that interference with 

the blood supply of an organ or any portion of an organ 

will result in modification or loss of function of that 

organ or portion. The degree of functional loss would be 

determined by the degree of disruption or interference a~d the 

extent of the area served by the particular blood vess~l. 
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KniseJy and co-workers reported in 1947 on a series of 

studjes of capi1Jary circuJ.c::.tion in no!'mal and diseased patients 

the exis l;ence of what they termed the ttsludgine phenomenon" in 

diseases of widely varying aetiology. This intravascular 

agglutination or "sludging" of blood cells in capillaries has 

also been observed in infections with various protozoa. 

Fairley (1946) in a text book description of malaria, mentioned 

"a number of manifestations, classified as acute pernicious 

rualarja, which are mainly dependent on internal sporulation 

and localized blockage of the capillaries by ~medium 

falcjparum in different organs, such as the brain, heart, 

intestines and spleen by parasitized corpvqcles which adhere 

to one another and to the capillary endothelium". He held 

this fact responsible for· the diverse symptomatology of 

malignant tertian malaria. 

It has recently been suggested (Zuckerman, 1964) 

that purpuric lesions could on occasion be associated with 

the phenomenon of auto-immunityo These lesions could result 

from thrombocytopenia and capillary damage, the platelets 

and endothelium possibly sharing an antigenic component. 

Maegraith (1948) has discussed the situation in 

malaria in great detail. Neurological manifestations, most 

notably in Po falcipa:rum malaria, he described as "protean". 

Signs listed by this author included apoplectic and epileptiform 

convulsi-ons, frontal lobe syndromes, bulbar paralysis, cere­

bellar disturbances, meningeal symptoms, polyneu.ri tis, 

tremors, and a variety of mental disturbances. In his 

discussion of the pathogenesis he considered it clear that 

general and local circulatory changes and endothelial damage 
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were of fundamental impol'tance in the general development 

of malaria, and that the local tissue damage was governed 

essentially by the development of anoxia arising from the 

generalized anoxaemia, the circulatory changes, alteration 

of endo thelj al r)ernLea bili ty and possibly fron1 his to toxic 

effectso 

A very recent report on cerebral malaria (Plasmodium 

falciparum) in South Vietnam by Daroff, Deller, Kastl & 

Blocker (1967) stated that 19 cases of malaria out of 1200 

handled over a ten month period at one hospital had been of 

the cerebral form. Their bibliography gave a sample of 

the many investigations of this syndrome durirtg the period 

since the outbreak of World War II. They stated that almost 

every neurological sign and symptom had been described in 

the literature of malaria. Their own cases exemplified five 

groupings: (1) disturbance of consciousness, up to coma, 

(2) acute organic mental syndrome with signs of confusion, 

disorientation and intellectual deterioration (without 

depression of consciousness~ (3) movement disorders such 

as extremity myoclonus, tremors and chorea, {4) focal neuro­

logical signs, and (5)"acute personality changes like 

paranoid psychosis or delusionso 

They commented on the still existing disagreement as 

to the basic pathological changes in cerebral malaria. 

"Some feel that thrombosis or plugging of intracerebral 

vessels by pigments, infected, clumped erythrocytes, and 

endothelial proliferation results in the cerebral dysfunctiono 
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Others deny actual vessel occlusion and blame the cerebral 

anoxic changes on sta5-na tion, anaemi.a, and particularly on 

the decreased oxygen-carrying ca~acity of the infected 

erythrocytes. Ridgon & Fletcher emphasize cerebral oedema 

as the most constant and earliest change. Perivascular 

hemorrhages are fre~.1uen tly seeno 11 These authors added that 

the pathophysiological process, whatever its exact nature, was 

completely reversible. 

In babesiosis it is evident that the tissue changes 

are qualitatively very similar and are present to a variable 

extent in all cases, causing deviant s.)i'm:ptoma to logy when 

more severe or extensive. Anoxic damage to capillary walls 

leading to increased permeability assists in the process of 

stagnation and sludging, no doubt aggravating the local and 

distal anoxia and creating the conditions favourable to oedema 

development and the occurrence of haemorrhages of various 

sizes. Generally speaking the changes are reversible as 

shown by good reSJ)Onse to specific treatment but may be serious 

enough to prejudice recovery of the patient, as is in fact 

seen in many cases of the cerebral form. 

A further and important reason for the development 

of gross oedemas and ascites in babesiosis is to be sought 

in the alteration of serum proteins which are quite severely 

affected in this disease. The parenchymatous d~ge to the 

liver, discussed elsewhere in this work, can be held to be 

responsible for a lowerj ng of the plasma al bumj.n as the 

result of the loss of synthesis by the liver cells. The 
I 

plasn1a colloid osmotic pressure is decreased and the condi tiers 

for escape of fluid from the capillarj.es are thereby 
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aggrava tedo Ascites, formerly regarded as requirir1g portal 

hypertension for its develclJment, results readily from 

hypoalhuminaemie. alone in both acute and chronic liver 

diseaseQ Weir (1947) has proffered important influences 

in the genesis of ascites as "lowering of serUln proteins, 

disproportionate decrease in the serum colloid osmotic 

pressure, dietary factors, disturbance of the ability of the 

liver to handle water, and altered pern1eabili ty of the 

capillaries"o The ready reversibility of ascites due to 

babesiosis suggests that these influences are in fact 

responsible for its developmento 
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2.5.1. 

CHE!VIOTHERAPY 

Trypan blue 

The first systematic search for an effective 

( 21) 

chemotherapeutic agent against B. canis infection was 

conducted by Nuttall & Hadwen (1909) and they found the 

dyes trypan blue and trypan red to be effective in curing 

most cases of the disease. Their previous attempts had 

shown quinine bihydrochloride, tartar emetic, sodium-methyl­

arsenate, methylene blue and beta-naphthylamine to have no 

curRtive action, as was the case with arsacetin and ooamin. 

Of the two dyes, trypan blue was found to be the more potent, 

causing ra1 1id and positive degeneration and disappearance of 

parasites. They noted, however, the disadvantage of 

staining of tissues and mucous membranes and the ten1ency 

to abscess formation after subcutaneous injection. From their 

experiments thny reported that some dogs relapsed in a 

benign fashion and went on to recover in spite of persistence 

of the infection. They believed further as had been noted by 

Rober~son in 1906 that infection in bab8siosis persisted in 

an inapparent form for a considerable time, in fact for years, 

rendering the blood still infective to susceptil;>le animals. 
I 

This is commented upon in section 2.7. The specific action 

of trypan blue was confirmed by Jowett in South Africa in 

1909 and by Bumann in Germany in 1910. 

Meyer (1912) was not much impressed with trypa.n 

red and found that it was toxic, particularly to the kidneys, 

which were already affected by the infection itself. 
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Trypan blue held its own as the only specific 

therapeutic agent for the greater part of three decades in 

spite of its manifest disadvantages. These were examined 

by Carmichael in 1942 and consisted of a marked~depressant 

action on the heart and nervous system involving a sometimes 

long and careful convalescenceo Subcutaneous injection was 

unsatisfactory since there was a strong tendency for sterjle 

abscesses to fonm, with necrosis of the skin, and sloughing. 

This necessitated use of the intravenous route which was 

found often to be very difficult in very young and collapsed 

patients. Relapses were of increasingly frequent occurrence 

and, as previously noted, the staining of tissues, and in 

aJdition soiling of the hands of the person treating the 

animal, made it unpleasant to use. 

'Piroble~, a combination of trypan blue and bile salts, 

was during this period produced by Sandoz and was initially 

preferred by Theiler and by workers in North Afrjca and India. 

The ultimate judgment however was that its syhere of usefulness 

corresponded to that of trypan blue itselfo (Parkin, 1931). 

2.5.2 The Acridines 

Domagk & Kikuth f'eviewed the whole matter in 1930 

and ~dve ~ome new views. They stated that after trypan blue 

treatment there was no "sterilisatio magna" (in Ehrlich's 

sense) but that dogs would re:wain a source of infection after 

apparently successful treatment. TheJ" considered the natural 

healine processes of the body to have been aided without 
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the animals having been freed of the parasites. They blamed 

this fact for the frequency of relapses which then responded 

only poorly to further injections of trypan blue, and ascribed 

this to rapid development of drugfastness. 

Thf3Se workers thereupon e"v-alua ted numerous drugs ~-end 

of the available ones found only an acridine, 'Trypaflavin', 

to be useful at a dosage of 5 mg per kg. They reco.w.mended 

a single dosage of 15 mg ~er kg, or 10 mg per kg, administered 

intravenously on two occasions a week apart, in order to 

produce "sterilization" of the animals. The dogs were then 

however again fully susceptible after about 4-6 weeks. They 

had previously been quite unable to "sterilize" with trypan 

blue at any dosage. 'Trypaflavin' was better tolerated intra­

muscularly than trypan blue and was regarded as more effective 

and a preferable drug. After similar work by a number·of 

authors and with analogous drugs: 'Gonacrine•, 'Flavacrine', 

'Flavacridine', {generically euflavine B. Vet. C), similar 

conclusions were arrived at. The.final judgment was that it 

was very effective against babesias and related organisms 

not very susceptible to trypan blue, was on the whole better 
I 

tolerated systemically, but had tp be given strictly 

intravenously on account of its irritating and even necrotizing 

properties (Kikuth, l9J5) outside the veins. This author 

though enthusiastic about its wider spectrum of activity gave 

as disadvantages the abovementioned tissue irritation, a 

yellow discoloration of tissues and its relatively higher 

price. 
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Quinuronium sulphate 

Kikuth then announced the introduction and successful 

use of 'Acaprin' (quinuronium sulphate Bo Vet. C) which 

possessed very distinct advantages. Smaller doses could be 

used more successfully and either subcutaneous or peroral 

routes were effective. Moreover the problem of staining of 

tissues did not arise. The dosage in general use came to be 

0.25 mg;kg as a 5% solution and in South Africa it became 

the usual form of treatment. This drug represented a great 

advance in simplifying treatment and making it more effective, 

but was not completel~y free from disadvantages. Injection 

¥;as some tin~es followed by moderately severe parasympathetic 

stin~lation and hypotension manifested by restlessness, 

muscular spasms, salivation and defaecation. 

After sorJe years however relapses became increasingly 

common on intensive use in particular areas. Clearly the 

parasites were developing drug resistance which was transmitted 

to succeeding generations of the parasite. 

The Aromatic Diamidines 

In 1939 Lourie & Yorke published the first 

results of their trials with a series of new drugs, the aroma-
/ 

tic diamidines, synthesized by May & Baker, Ltd. Ten such 

preparations were tried out on puppies infected w~th a 

virulent strain of B. caniso Alffiost all of them exerted some 

influence on the parasite but three showed definitely 

curative effects. The most active was found to be 4:4 

diamidinostilbene (later named 'Stilbamidine') but the 
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toxicity level was too near the therapeutic levelo Of 

16 clinical cases treated by Daubney & Hudson (1941) 13 re­

covered completely, two died (being too advanced) and one 

relapsed after recei vi. nc; too small a dose. More than half 

of the treated animals 3howed transient face swelling and two 

became "asthma t.ic ". HylH·Jraesthesia and restlessness were 

further features. 

Carmichael & Fiennes (1941) carried out trials on 

116 unselec ted cases wi t21. natural infection using 4:4 

diamidino-diphenoxy-propanet the second of the three diamidines. 

Ten dogs relapsed and four died, but the curative effect in 

the remainder was perfectly satisfactory. They cone ltlded 

that this drug (later named • Propamidine'' ) was a good one o 

The activity of the third member of the group, 

4-4'-diamidino-diphenyl-ether, was investigated by Carmichael 

(194?). He treated 25 unselected cases of babesiosis with 

consistently good result~ with no toxicity and no relapseso 

The same author remarked in 1965 that subcutaneous injection 

of the 'Phenamidine' as it was later named, could _prove to be 

irritating if the solution was too concentrated. (This applies 

to all the diamidines.) Transitory swelling of face and 

lips might occur occasionally. The drug is currently marketed 

as the di-2-hydroxy-ethane-sulphonate and given the trivial 
.l 

name of phenamidine isethionate. 

The officially recou~ended dosage (Br. Vet. Codex, 

1953) is 0.3 ml of the 5 per cent solution, w/v, per kg. 

26/ ••••• 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



(26) 

At Onderstepoort, where clinical trials were also carried 

out at the same time as the East African workers, a dosage 

of 0.4 ml was decided upon, and has been used for more 

than 25 years, still, at the _tJresent tirue, with very good 

results. Ape.rt from the hic;her dosage it is a regular 

practice at the Onderstepoort Outpatient Clinic to weigh all 

dogs accurately at the tirue of registration, before computing 

dosage. 

In a number of areas in South Africa a great falling 

off of efficacy of the drug has been reported with relapses 

as a troublesome occurrence. This cun almost without doubt 

be ascribed to erroneous guesses of weight and the use of 

the lower dosage rate. It has been shown by J:lulton & Yorke 

(1941) that a single simple underdosage with 'Stilbamidine' 

produced drug resistance that persisted for 42 generations 

through dogs and puppies, over 28 months of passage. Not 

only had this strain become resistant to 'Stilbamidine' but 

it was also shown that the related drug 'Propamidine' had 

lost its effectiveness. What was even more striking was 

that this parasite had also acquired resistance to quinuroniUffi 

sulphate, an unrelated drug •. Quite conceivably this process 

could be repeated in any intensively treated holoendemic area to 

the point that the drug becomes much less useful as a result of 

the frequency of relapsese 

The experience over many years at Onderstepoort has 

shown 'Phenamidine' not to be devoid of some small degree of 
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toxicity. Occasional allergy-type reactions have occurred, 

but seldom of any serious import. They usually respond 

satisfactorily to antihistamine treatment. What happens 

more often is a hypotensive episode after treatment, with 

vomiting. As a rule this is not serious unless a dog is 

already in a medically shocked condition at the time of 

presentation. It becomes necessary in these cases to give 

supportive treatment such as h~~·pertensi ve agents, blood 

transfusions and possibly resorting to the use of trypan blue 

which for a number of year~ has been kept as a reserve drug 

for such occasions. 

2.5.5 'Berenil' 

In 1955 Farbwerke Hoechst A.G. introduced a different 

formulation of a diamidine, viz. 4-4'-diamidino-diazoaminoben-

zene-diaceturate under the trade name of 'Berenil' for the 

treatment of babesiosis and 1 trypanosomiasis. This has proved 

effective for B. canis infection at a dosage rate of 3.5 to 4 

mg per kg (Botha, 1964 and Bauer, 1967) and has been used to 

good effect in areas where resistance to 'Phenamidine' has 

developed. The toxic effects are qualitatively similer to 

the drugs described earlier. Occasional vomiting after 

injection, necrosis and abscessation at the site of subcutaneous 
I 

injection, and relapses were r~ported by Botha (1964). He 

experienced results better than with 'Phenamidine' in his 
I 

practice area where considerable drug resistance to the latter 

drug was already evident. Several reports have however, 
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been received from practitioners and encountered in the 

literature of encephalitis-like brain symptoms after 'Berenil' 

treatment, notably after repeated treatments, or after dosage 

of over 10 mg per kg (Enigk & Reusse, 1955; Bauer, 1967)o 

The occurrence of drug resistance has not yet been reported 

and relapses arH said to have responded well to increased 

dosageu 
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PATHOI10GY 

MACROSCOPJC PATHOLOGY 

There is a consid(n·a ble range of possi hili ties tr1 

eonnection with the gross ap_pearance of the cadaver ci.lH~ t.be 

organs of a dog that has djed from babesiosiso Tt1is wilJ be 

readily evident frODJ the dj v~~rf:1j ty of symptomatoloc;y descr:i bed 

in section 2. 4o 'rhe chanc;es je1Jend J argely on the degree of 

a.cu teness and d 'JI'E ti on of the dj c:eaBe o Does may dt e froD1 tt:.e 

peracute forD wrH.!:?'e therP is no Joss of condition, a varjable 

degree of ana end a, splancbni c pooltr1e of blood, end the 

_presence or ELbs, .. ~llce of severe haemoLlobinuria. The cause of 

death is medical shock • 

.A.cute and more chronic eases show a verjable pictur·e. 

Some or all of the followil'e Jeoions ntay be observed: 

irreeular 1osfJ of condition, varyjne degree of anaemie. 

deveJopment, icterus, sliellt oedeiDa of subcutaneous and 

intrarrnJscu1clr tissues, hydrothorP..x, hydro_pericard, ascites, 

oedenJa of the lungs, at times bronchopneumonia, subepi- and 

subendocardial petechiae, petechic::.e on the SIJleen, tumcr 

hepa tis with colour fron:, pale yellow to mahog8..ny brown, 

hypere.emia of kj.dneys affec tine particularly the medulla 

and more or J.e~s bili:ruhinuria or haemoglobinuriao 

Enlargeu1ent of the spleen, sometimes grossly so, with tight 

smooth capsule and well rounded borders is a usual findjng 

in the majority of caseso 

In older dogs and in neglected, mo1·e chronic cases, 

the au topsy, apart fron1 anaemia, icterus and congested internal 
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organs may well show the typical picture of some organic 

failure. It may be one of cardiac, pulmonary, or renal 

failure. An animal may have died from uraemia after specific 

ba-besiacidal treatment- with gastritis, possibly enteritis, 

stomatitis and grossly pathological kidneys. The degree of 

icterus as will be seen from the chapter on liver function 

testine is mainly dependent on the degree of li.ver damageo 

There are many accounts of the macroscopic morbid 

anatomy including those of Nocard & Motas (1902), Graham­

Smith (1905), Christophers (1907), Knuth & du Toit (1921), 

Maegraith, Gilles & Devakul (1957) and Easson & Pienaar (1965)o 

With small variations here and there, their observations fall 

into the same framework, and many authors remark on the wide 

range of variation. 
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MICROSCOPIC PATHOLOGY 

An early description of histological findings 

in babesiosis was that of Graham-Smith (1905)o He noted that 

as a general rule capillaries tended to contain many more 

infected erythrocytes than did the larger v~ssels. He found 

this particu.larly noticeable .in the lungso The heart showed 

good myocardial striation, dilated capillaries and small 

haemorrhages with nany ,tJarasites in the capillaries. In the 

liver the central vein and sinusoids were extremely 

dilated, the parenchymal cells near the central vein distorted 

or destroyed, and the portal vessels dilated. There were 

many leucocytes ;..;.nd red cells in the sinusoids. Splenic 

enlargelllent he found to be due to a massive amount of blood 

in the pulpa, and the trabecular vessels were dilated with 

many leucocytes. In the kidneys he found blood vessels gene­

rally dilated and the cupillaries loaded with infected red 

cells. Similar changes were found in the adrenals, the 

pancreas, the brain and spinal cord, intestines and lymph 

glands. He found a varyinB number of infected red cells in 

the bone marrowo 

Phagocytosis of erythrocytes has- frequently been 

commented upon, inter alia by Graham-Smith, 1905; Neitz, 

1938; and Maegraith, Gilles & Devakul, 1957). This feature 

is evident according to Maegraith et al. in the peripheral 

blood and in many organs, particularly the spleen and liver. 

They have found this to involve the large mononuclears and 

on occasion the neutrophile, and that they engulf either 
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parasi tj. zed or unparasi ti zed erythrocytes, or both, apparently 

indisci·imina tely. This very active process ir1 the r;r.-leen 

is seen to take place mostly in the large mononuclear histio­

cytes of the pulpa, quite reD!arkably resemblinB the _pic t.ure 

of self-lind ti.ng infections of malarie., such as that caused by 

P. brazilianum. In this infection the phagocytosis is an 

evident part of the successful or iDllli.une res_ponse of the 

infected aniillal. This in all likelihood applies equally 

to babesiosis. 

In the liver phagocytosis occurs in the Kupffer cells 

which frequently contain parasitized or unparasitized red 

blood cells as well as free parasites. As in malaria, the 

Kupffer cells are often swollen and may bulge into the lumen 

of the sinusoids or lie free and fully laden in these vesselso 

Maegraith et al. reruark further that the ingestion of 

parasitized and uninfected red cells, as in malaria, bears 

the same irregular relation to the degree of erythrocyte infec­

tion. 

They describe phagocytosis in babesiosis as "avid" but 

feel that the process has not been fully elucidated. Red 

cells £!2. appear to become "sticky" to each other and to 

reticuloendothelial cells, whether as a result of changes of 

surface electrj.cal charges, precipitation of "fibrin" crystals, 

opson.ization or of other I.nechanisms. As in malaria this still 

requires clarification. It does appear to be associated with 

the presence of iw~une bodieso 

These authors found that whether livers were normal 

in size or enlarged there were definite histological changes 
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featuring congestion and dilatation of the sinusoida and 

central veins. There were varying degrees of fatty changes 

in parenchymal cella, even necrosis, which were essentially 

centrilobular in dfstribution. The sinuaoids tended to be 

widely dilated and filled with erythrocytes regardless of 

the degree of anaemia. They found no thrombosis, although 

engorged macrophages, fixed and loose, were usually evident. 

Destruction of the hepatic lobule ~as sometimes gross, 

extending in particular lobules from the central vein 

outwards. In extreme cases only a thin stra~ of relatively 

normal-looking peripheral cells remained. Haemosiderin 

grru1ules were often to be seen both in Kupffer and hepatic 

cells. 

In the kidneys, the medulla was often congested and 

the cortex somewhat blanched. Most constantly they found a 

great prominence of vessels in the cortico-medullary junction. 

Both free and intracellular parasites were present in all 

the small vessels. The glomeruli were not actively changed 
I 

but they were occasionally shrunken and the Bowman's capsule 

contained debris and coagulated material. Tubular epithelia 

showed various degrees of degeneration often with granules 

of haemoglobin or its derivativ~a. Inside the tubules casts 

of homogeneous material, with debris and sometimes red cells, 

were to be found. 

The spleen was grossly congested, with much evidence 

of phagocytosis of both parasitized and unparasitized red cells. 

Lymphoid tissue generally appeared to be reduced in amount 

and blood vessels were congested and packed with red cells 

however anaemic the animal happened to be. The whole picture 
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closely resembled that produced by fatal malaria due to 

P. falciparum in mano 

The heart was found much less affected than in human 

malaria. Striation was well preserved but capillaries between 

the muscle bundles were dilated and congested, often containing 

infected erythrocytes and free parasites. They saw no throm­

bosis and no haemorrhages and apparently no specific concentra-

tions or plugs of parasites or parasitized red cells as found 

in other organs. 

In the adrenals they found no very pronounced lesions 

apart from congestion, usually of the medullary vessels but 

on occasion also of the cortical vessels. They did not ob-

serve any plugging or haemorrhageso 

The lung picture was particularly variable,depending on 

the clinical type of involvement. It was sometimes ~uite 

unaltered but for the rest the picture varied from slight 

hyperaemia to massive pulmonary oedema, the latter usually 

in cases of shock. Septal vessels were usually dilated. 

Cerebral involvement in malaria already has a very 

large amount of literature devoteq to it. Maegraith reviewed 
I 

the aubject in hi,s monograph in 1948, listing many references 

up to that date, and Daroff, Deller, Kastl & Blocker (1967) 

have given a larg_e list of some of the more recent ones, 

together with their own findings which are discussed in 

Section 2. 4. 2. 7. 

Cerebral babesiosis has been reviewed by Malherbe & 

Parkin (1951), Jacquin (1963) and by Basson & Pienaar (1965). 
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Maegraith, Gilles & Devakul (1957) did not observe the 

cerebral for1u amongst their experimental cases but found 

parasites in considerable numbers in brain vessels and a 

"layering" of parasitized cells along the endothelium of 

blood vessels in ordinary cases of babesiosis. 

Easson & Pienaar described great congestion of blood 

vessels in the b.l'·ain and haemorrhages involving large parts 

of the cortex and in the region of the caudate and dentate 

nuclei. They gave the histological features in great detail 

and described inter alia numerous closely grouped perivascular 

haemorrhages from small vessels and capillaries, accumulations 

of eosinophilic substance in the Virchow-Robins spaces and 

generalized oedema of the entire brain and meninges. Most of 

the capillaries and small veins throughout the brain were 

"tightly packed" with parasitized red cells and free parasites. 

Some larger vessels showed "definite pavementing" of the endo­

thelium with parasitized red cella. 

Neurones in the haemorrhagia and lytic areas of the 

brain "exhibited what is frequently regarded as anoxic changes 

viz. shrinkage, pyknosis, cytoplasmic basophilia and hyper­

chromasiao Necrosis of the cytons and glial cells was also 

present". 

The histopathology has been given in some detail as 

it sheds very consider·able light on the spectrum of 

symptomatology and the reason for many of the biochemical 

changes found in this disease. 
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IlvlMUNITY 

Before the advent of s~ecific chemotherapy by means 

of trypan blue (Nuttall & Hadwen, 1909) several attempts were 

made to immunize dogs against babesiosis. Nocard & Motas 

(1902) reported on experiments which suggested that immune 

substances were developed in the serum of recovered dogs. 

Robertson (1906), working with a probably more virulent strain 

in South Africa, did not confirm the French workers' results 

and found that "recovered" serum did not give any protection 

at all. He found in fact that the blood of recovered dogs 

was capable of conferring the usual virulent disease upon 

subinoculation. In a different approach, Nuttall & Graham­

Smith (1909) attempted to confer immunity by injecting 

successive doses of blood containing dead parasites (either 

driea or treated with phenol)o Their results were discouraging 

and further atte~pts were abandoned as unnecessary in view 

of the availability of S})ecific treatment. 

Recent knowledge of the situation has been sumruarized 

by Neitz (1956). It is clear that complete or absolute 

immunit7 does not occur in babesiosis. Recovery from the 

disease does however confer a fairly strong resistance or 

tolerance to a subsequent infecti6n with the same immunological 

strain. Exposure to other strains IDay be followed by relapse 

of variable severity, indicating anything from some pr,otection 

to none at all. 

Illlillunity in babesiosis as in many other protozoal 

infections is maintained by premunition, labile infection, 

latent inf ec ti on or inu.ouni tas !!2.!!. s terili sans. The animal 
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retains resistance to the sa.rue strain at least as long as a 
I 

residual i11fec tion ren1ains which in most cases would be for 

years. In enzootic areas this labile infection becomes re­

inforced periodically by exposure to the vector ticks so that 

in South Africa the majority of dogs suffer froru only one 

overt infection in their life-timeo The premune state may 

however· be broken down (VIi th renewed overt disease) by other 

diseases caused by bacteria, rickettsiae, protozoa, viruses, 

massive helminth infestations, by severe traumatism or by 

organic disease such as nephritis or pneumonia (Malherbe, 

1950)o Haemobartonellosis could in all likelihood be added 

to this list. "Immunity" in babesiosis can moreover with 

great regularity be broken down by splenectomy, with reappearance 

of parasites in the peripheral circulation. Neitz (1956) 

exl;lains premunition on the generally accepted view that the 

reticuloendothelial systew partici~ates in the battle of 

protection by phagocytosis, and thus that parasitic multipli-

cation is liruited. 

It follows then that a process of immunization by 

injection of infected blood followed by treatment wi~h a 

specific drug on the appearance of parasites would be quite 

feasible in an enzootic area. 

Evidence has now been presented (Bauer, 1966) that 

after the termination of the period of premunition, which is 

known to occur in the absence of continued exposure to infection, 

a period of sterile humoral immunity follows. It appears that 
j 

these periods are quite variable, depending on the duration 

and extent of active infection, probably strain differences, 
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and most likely also on the degree of "natural" iuJIDunity 

and the general health of the individual. In a holoendemic 

area, such as large parts of South Africa, it is probable that 

most dogs after the initial infection remain in a stage of 

premunition for their entire lives as a result of I'eiJeated 

reinforcement of the latent infectiono If they are removed 

to an area where they are not subjected to further infection 

they would continue their premunition for a variable period, 

followed by a variable period of humoral immunity after 

which they would again become fully susce.Ptible to infection. 

Immunity in the general sense could be regarded as essentially 

humoral produced and maintained by the presence of parasites, 

but can survive the parasites for a variable period, after 

which it may disappear. 

Premunition on the one hand provides in an enzootic 

or holoendemic area an excellent protection against new 

morbidity for the individual animal but on the other maintains 

an excellent source of infection to the tick vectors. 

Bauer (1966) working with splenectomized dogs found 

that after infection and treatment their blood remained 

infective to other dogs for a period. Later, they were no 

longer infective and yet could not be infected. Ultimately 

they again became fully susceptible. Schindler, Wokatsch & 

Schroder reported on similar findings in the same year. They 

were able to demonstrate a stage after premunition when dogs 

were immune and without infection as they were unable to infect 

susceptible animals by subinoculation. After a while they 
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again became fully susceptible. 

In the case of malaria the situation seems to be 

very similaro Maegraith in his 1948 monograph examined all 

the evidence available till that timeo He felt that an 

immunity based solely on premunition, though advanced by 

some authors, lacked experimental proof, and was much more 

inclined to believe that a genuine humoral immunity could 

survive overt and latent infection. Evidence further showed 

that an infection treated promptly led to very short immunity 

whereas untreated patients or patients not treated for a 

year developed a very solid immunity. Good immunity was 

also produced by repeated infections. 

The suggested course of events was as follows: 

The immediate reaction of the body to malarial invasion is 

the non-specific destruction of parasites brought about mainly 

by phagocytosis, the degree and success of which depend on the 

natural resistance of the hosto The cells chiefly concerned 

with phagocytosis are the ordinary reticuloendothelial 

macrophages of the spleen and liver and to some extent of the 
I 

bone marrow. T.he phagocytes of other organs are 7elatively 

unimportant. Once the disease becomes established, natural 

resistance becomes reinforced by the development 'of acquired 

immunity which gives rise to a specific increase in phagocy-
I 
I 

tosis, mainly in the spleen and to a lesser degree in the 

liver. These cells proliferate and show greatly enhanced 

avidity for red cells, parasitized red cells, parasites 

in all stages of development, pigment and cellular debris. 

It is further suggested that at the early stage of the 
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infection the phagocytosis associated with the natural 

immunity of the host is non-specifico When acquired immunity 

appears the phagocyte a although preslliDably still retaining 

their normal function as scavengers for other material, become 

specifically active against any red cells, parasitized red 

cells and parasites. 

He ~uotes work (by Brown & Broom, 1935) to show that 

in the presence of immune bodies and associated changes in the 

plasma protein there was an equal reduction of electrical 

charge at the surface of both parasitized and unparasitized 

cells, with the effect that these become much more susceptible 

to phagocytosis. Knisely is quoted as observing the 

precipitation of "crystals" around and about erythrocytes 

in the circulation of monkeys with Po knowlesi infection, and 

reporting that this made erythrocytes ·~ticky' towards 

phagocytes which readily ingested themo He also mentions the 

extensive work of Taliaferro and his group during the 1930's 

and early 1940's. They found that erythrocytes from an 

infected animal were phagocytosed slowly when injected into 

a normal animal, but were ingested extremely rapidly in an 

animal with acquired immunity. 
I 

They postulated the existence 

in immune animals ,of some humoral agent equivalent to the 

opsonins of bacterial infections. 

The whole~question of immunity to p~otozoa has been 

exhaustively examined in a symposium of the British Society 

for Immunology (Garnham, Pierce & Raitt, 1963), notably in 

the contributions of Bruce-Chwatt, Cohen & McGregor, and 

Zuckerman. In the sawe symposium Riek discussed immunity 
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to babesiosis on the basis of his work on bovine babesioses 

and concluded the basis of immuni·ty in non-bovine hosts was 

likely to prove similar to that obtaining in cattle. 

The criteria for complete absence of parasites in an 

iwnune animal were examined critically by Joyner & Davies 

in 1967; working with B. divergens in calves, some 

splenectomizedo In all their experiruents the intravenous 

inoculation of 100 ml of blood had rarely failed to give 

positive results when blood had been taken during the initial 

two years fo.llowing infection. Since on one occasion only 

a negative test was followed by positive results (which 

continued for r.aore than two years), they concluded that a 

single test was not completely reliable. For this reason 

three consecutive negative tests were adopted as their 

criterion of the loss of infectivity. Eve?1 by such strict 

testing they concluded that their experiments had appeared 

to support the existence of sterile immunity. 

In summary, the evidence in respect of malaria and 

other protozoal diseases, and of Babesia in general and 

Bo canis in particular, supports the concept now generally 

held that immune processes in protozoa and in bacteria are 

fundamentally similar, to extend a conclusion by McGregor 

(1964) to protozoan diseases other than malaria. The 

premunition of protozoa would serve effectively to reinforce 

the humoral immune processeso 
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Jo THE CAUSAL ORGANISM 

3.1 CLASSIFICATION 
A number of attempts have been made to classify 

the piroplasms parasitic in domestic animals. According to 

Neitz (1956) a scheme was submitted by Fran~a in 1910 but 

the first systema ti(.! s·tudy was presented by du Toi t in 1918. 

Modifications were presented by Wenyon in 1926, Donatien & 

Lestoquard in 1930, Yakimoff in 1931, Neitz & Steyn in 1947, 

and the whole subject was again reviewed by Neitz in 1956 

(who cited the above references)o 

Difficulty arose in connection with Babesia canis on 

account of varying pathogenicity, absence of cross-immunity 

between similar parasites from different countries and 

variations in vector specificity. Reichenow (1935) held the 

view that several different speci~s occurred in nature. Enigk 

(1944) however, disagreed with subdivision on the basis of 

vector specificity, and the factors contributing to the in­

ability of certain ticks to transmit B. canis are still unknown. 
i 

Neitz & Steyn (1947) and Neitz (1956) then proposed a 

classification which placed the genus Babesia Starcovici, 1893, 

in the suborder Piroplasmidea We~yon, 1926, and the family 
I 

Babesidae Poche, 1913. The name,Babesia canis included the 

following older names: Pyrosoma bigeminum var. canis Piana & 

Galli-Valerio, 1895; Piroplasma canis (Piana & Galli-Valerio, 

1895); Babesia rossi Nuttall, 1910; and Rossiella rossi 

Nuttall, 1912. 
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It now appears possible (Neitz, 1965) that in future 

serological tests may prove valuable in the determination of 

the identity of Babesia specieso Work with complement 

fixation tests may for instance prove to be useful, as 

antibody formation in the case of B. canis has already 

been demonstrated by Schindler & Dennig (1962)~ 
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MORPHOLOGY AND DIAGNOSIS 

MORPHOLOGY 

(44) 

rl,he ruorr)hology of Babesia canis excited great interest 

from the tin.e that Piana & Galli-Valerio ( 1895) named the 

organism Pyrosoma on account of the pyriform shape of many 

of these _parasi t;es. Nearly every au thor in the first 

decade of this century devoted much attention and much.space 

to painstaking descriptions of the organism. A good deal 

hHs be:~en IDE·.de of its amoeboid character, which would explain 

i tB diversity of shctlJe as seen in fixed and stained blood 

films. Authors giving such descriptions included Nuttall 

(l'J04), Nuttall & Graham-Smith (1905, 1906, 1907, 1909) und 

Christophers (1907). Later Regendanz & Reichenow (1932) 

and Shortt (1936) also made their contributions to morphology. 

The orguni.sm is fairly lc:.rge, measuring anything 

:.t'rom about 1 to 5 microns, largely depending on how many there 

are in an erythrocyte. Most of them are found 'inside red cells, 

but in heavy infections some are found between the cel1s9 

In shape they ~re in their most typical or characteristic 

form seen as double pearshaped (two in a cell). The rounded 

ends are free and the pointed ends in contact with or in the 

v.i..c.inity of each other. With Giewsa or Wright's stain they 

are blue at least in outline and may show a dot of chromatin insiJ 

de, representing a nucleu~3. The amount of intPrnaJ.. detail 

depends much on how efficient the staining has been. In 

ordinary rotl tine s tainins the outline may be well demarcated 

in blue with no detail in the interior. This does not 
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PLATE 3.2.1. PHOTOMICROGRAPHS FROM A SMEAR OF A YOUNG DOG WITR ACUTE BABESIOSIS. 
THE VARIATION IN SHAPES AND DISTRIBUTION OF PARASITES SHOULD BE NOTED 

AS WELL AS THE INCIDENCE OF ERYTHROBLASTS. 

I 
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however, make them less easily recogni?.able o 

There are many deviations from the pear-shapeo 

Freq_uen ·tly they are well rounded br oval in outline or may 

appear in irregular amoeboid shape or as a narro\v band 

stretchir1g right across the cell. Mixed shapes are commonly 

seen. See Plate 3.2.1. 

Multiplication is essentially by binary fission of 

these trophozoites in the red cells so that ~hen there are 

more than one they occur most typically as e:xponential mul­

tiples of two, thus: 2, 4, 8, 16 and possibly 32. This 

aspect has been examined by Ewing (1965b) who concluded that 

ir::. view of this fact budding or multiple fission could be 

ruled out. Where occasionally he found odd numbers there was 

usually one parasite obviously on the verge of binary fission. 

It would thus be wrong to regard the incidence of multiple 

parasites in a single cell to be the result of schizogony. 

The very occasional form that looks like budding is probably 

nothing more than a parasite fixed during amoeboid movemento 

Occasionally phagocytosis of parasitized cells in 

blood macrophages may be seen, with parasites either well 

preserved or in a process of disintegration. Under these 

conditions unparasitized red cells may also be found in 

monocytes. 

B. canis has been studied by electron microscopy 

by Bayer & Dennig (1961) and Simpson, Bild & Stoliker (1963). 

The original.papers should be consulted foi' ultramicroscopical 

detail. Simpson et al. found that the parasites were confined 

by a definite cytoplasmic membrane and generally contained a 
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sinel8 prominent nucleus bounded by a dollble membrane. The 

cytoplasm contained an extensively developed network of 

endoplasmic reticulum, small dense granules, organelles lined 

by a double membrane, and a rare food vacuole" 
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DIAGNOSIS 

Apart from the clinical features of the average 

or typical case of babesiosis, a definitive diagnosis is 

usually made fx·om the examination of a thin smear made from 

capillary bloodo This is obtained from the patient's ear 

in the followitlg manner and observing the precautions as 

indicated. 

(a) Use two slides that must be scrupulously 

clean, partieularly of fatty material (finger prints)o 

(b) Clip the hair short on an edge of the ear 

and rub off any scurfinesso !!2_ moisture may be a}}pliedo 

( c ) Yi'i th curved scissors roughly parallel with 

the ear margin (but with opposing curvatures) cut off 

a layer of epidermis. This is facilitated by doubling 

the ear at this point. 

(d). ~xpress one small drop of blood and touch 

it with a short edge of one slide (without any scraping). 

(e) With the other slide on the table the first 

(with the blood) is placed on it with the top slide at 

an angle of about 45°, allowing the blood to spread 

sideways in the angle between the slides. 

(f) Quite deliberately and without hurry the 

top slide is pushed away from its acute angle (which is 

maintained) allowing the blood to follow it until exhaustedo 

(g) This should result in a tongue shaped smear 

about i in wide and i - 1 in long. The whole 

operation should be done deliberately but unhurriedly, 
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not allowine the blood to clot. 

(h) ]~he Glide with the smear should be air 

dried as ~luic:kly as posGible by wavin6, and can be 

fixed anct stained i~nediately or at leisure. 

In our experienc(3 this t~ives one the best chance 

( 48) 

of find inc para:.;i tes when th~ level of parasi taernia is very 

low. The majori tJ' of· _p2.rast ti'6ed cellf3 seem to eongregate 

along the a1c;e:3 of the 1"ton011~e" und in the serrated "tail" 

or tip cf tJ1e ton~ue. 

i!."'wine; ( l 1J l>6) reported on a com para ti ve study in 

which ~arasiteo were counted in the same animals usine 

venous blood and capillary blood. He concluded that venous 

blood would revee.l more B. canis trophozoites than would 

ca_t.>illary blood but that if 100,000 or more erythrocJtes 

were examin£-:d there was not any sic;ni ficant difference. 

His method for obtaining capillary blood was however by 

needle prick on the ventral surface of the ear. This was 

quite different from the method outlined above and it is 

submitted that the chances of collect.ine blood from a number 

of cut capillaries would be considerably better than by 

Ewine's needle prick method (which would sharply limit the 

number of capillari.es drained). The latter technique would 

involve a greater "dilution'' of capillary by venous blood 

to get sufficient material for a smear. In view of the 

virtually unanimous histological findin&s of parasite concen­

trations in capillaries it would be surprisine if venous blood 

would contain as ruany or moree 
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Ewing quotes several references to the use of 

bone~rrow smears but agrees that blood smear examination 

is preferable. He also mentions the use of thick films 

such as advocated by Mahoney & Saal (1961) in Australia for 

detection of B. bigemina and B. argentina. This procedure 

has not found favour at Onderstepoorto The writer has also 

not been impressed by thick smears for B. canis. While it 

conceded that a higher concentration of organisms can be 

examined, staining may be difficult and parasites distorted 

and liable to be confused with other cellular debris. They 

would also not be splayed out as in thin smears. 

Winter (1967) re-examined fluorescence microscopy 

for the diagnosis of B. bigemina and B. argentina and concluded 

that it provided significant advantages over Giemsa, provided 

parasitaemia was not of too low an order. He certainly pre­

ferred it to the use of thick films. Ewing (1966) however 

felt that fluorescent-antibody techniques while giving 

good results could not be used "under ordinary, routine, 

diagnostic circumstances". 

Complement fixation techniques have their usefulness 

large~y limited to survey work and the laboratory. They are 

not likely ever to play any significant role in routine 

diagnosis. Mahoney (1964), investigating the value of 

complement fixation in B. bigemina and B. argentina concluded 

that it 11should find a useful application in epidemiological 

and control work in the field" and could be accepted "as proof 
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of current babesial infection even though the parasites in 

the blood were "too few for detection in thick films"o 

He did not find that negative results could reliably be 

interpreted as proof of absence of infectiono 
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LIFE CYCLE 

There have been a considerable number of studies 

of the life cycle of this organism as well as of the other 

babesias. Binary fission within the erythrocytes of the 

vertebrate hosts had been observed generally but the question 

of a sexual phase in the vector tick evoked great interesto 
I • 

Christophers (1907) described his observations of the 
i 

development of B. canis in Rhipicephalus sanguineus and 

though using terminology indicating his belief in a sexual 

tyye of development ("gametogony") he concluded that he 

had not found proof of the absence of a sexual phase. 

Regendanz & Reichenow (1932) and Shortt (1936) in later 

studies of the parasite in Dermacentor reticulatus and 

R. sanguineus respectively, failed to find evidence of 

sexual forms and thus to confirm Christophers' observations. 

They found in the ticks that after many binary fissions in 

the intestinal epithelial cella they gave rise to a motile 

verlliiform stage which migrated into the haemocoele and 

finally invaded the ovary and ova. 

Controversy however continued, and other species 

of Babesia were studied by many workers. Neitz (1965) 

after considering all these studies felt that they had 

not produced convincing evidence as to whether or not a 

sexual phase occurred in the acarine vectors. The question 

thus remains an open oneo 
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TRANSMISSION 

B. canis is transmitted naturally by various ticks 

in different coun ~ries. ~rhe association between severe ill-

ness and shortly prev.iou.s ex_posure to l:.tassi ve tick infestation 
I 

was appreciated well before the aetiolo~J of the disease was 

clorifiedo Lounsbury (1901) ~ave the first rep6rt on 

experimental work in connection with the transmission of the 

J_Jarasite by Hae111aghysalis leach~. (Andouin) in South Africao 

'He showed transmission from the imago B tage, when the infection 

was t!.cquired, ·through the egg, larval and nymphal stages to 

the next imago stage. Brumpt (1938) much later showed that 

infection could be carried also from nymph to adult in the 

same generation. 

The ubiquitous dog kennel tick, Rhipicephalus 

sanguineus (Latreille) is considered by Neitz (1956) to be 

the chief transmitter of the disease. Reports on the r5le 

of this vector have emanated from various places in Africa, 

North and South Junerica, Asia and ~ropeo The most recent, 

albeit circumstantial, report has come from Australia, where 

Hill & Bolton (1966) have diagnosed the disease for the 

first time on that continent. This tick is very much ILOre 

widespread over nmch of the world so that the potentiality 

of wider distribution of babesiosis does exist. 

Brwnpt (1919) in France and Neitz (1956) in South 

Africa demonstrated transovarian transmission in Ro sanguineus 

from an imago of one generation to the imago of the daughter 

generation. The former author observed that infection could 
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be retained through five genera t5. ons of this species of tj_ck 

maintained in the interirh exclusively on hedgehogs, and trlat 

dogs could still be infected. 

Christophers (1907) reported in India on both in~go 

to nym_r~h <:~nd imago to .imago transmission thruugh the egg 

stag2 while Shortt (1936) in the same country observed larva 

to nymph and nym11h to adult transmission in the same genera tiono 

Reichenow in Germany (1935) recorded infecti0ns in dogs in 

all three stages from the iruago of the _previous generation. 

Neitz ( 1965) sununarized the proved vee tors in a table 

which j_s reproduced in Table 3.4 

Experimentally, the most usual mode of transmission 

is by subinoculation of blood from an infected or premune 

animal to a susceptible one by intravenous, subcutaneous 

or intraperitoneal routes. 
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Table 3·4 BIOLOGICAL TRA.JfSMISSION OF BABESIA CANIS BY MEANS OF TICK3 (N~~ITZ, 1956) 

Vectors Cotint.ry Hosts Larva Nymph Imago Egg Larva I Nymph I Im-~gol References 

Dermacentor mar~inatus Europe 3 I X ! -)- I Brumpt (1919a) 

SUlzer i X ) Belitzer & Markoff 
• D. retioulatus I 

( 19 30) 
Fabricius 

X ) ) Regendanz & Reichenow 
I (19.32)_ 

Dermacentor ~ictus Berm. Russia 
3 X ) Eni~k (1944) 

France 

Dermacentor venustus 
Brumpt & Larousse Banks Frq,nce 3 X ) 

• D. andersoni Stiles ( 19 22) 

-- - ·-·------ .... -,-~-- ··-
Hae~~hlsalis leachi South Africa I Lounsbury (1901) 

I 

3 _f -·- ) I 

Andovin) ~- B-rumpt ( 19 .38) I 

X I 

-·--+- I --- --
~alomm~ ~ar~inatum Russia 3 X --~- - i ........ .__) En:.3k ( 1J41J-) 

Koch 

- I x------->- I -)-=i=) -Rhi~iceEhalus saneuineus India 3 
Chri 8 to ri1;.-rST190ff ___ 

(Latreille) 

X -r) t-~ ! ) 1) -t-) Shortt ( 19 36) 

Germany Reicheno~ (1935) 
Brumrt (19l:Jb) France I ! I X T>----·-9·-) South Africa I X ! -) N ~ i t z ( 19 56) 

U.S. A. I . I I 
:_:;t.einhg_u~~ (19 ,_17) 

Brazil Hegendg,nz & !;:nni.z (1936 
--- ------------ ~--------- ...-1.. . --- ---

X StagA at ~hicb infection i3 acquirPd. 

)·staeP at which infection is transmitted ,..-... 
\_)'1 
~ 

----
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CULTIVATION 

There was great interest in the possibility of 

cultivation of B. canis and other piroplasms during the 

early years of this century. Deseler in 1910 reviewed the 

at teru.pts made up to that tirne and included those of Lignieres 

(1900), Dschunkowsky & Luhs (1904), Kleine (1906) and Nuttall 

& Graham-Smith (1908). Some of them believed that they had 

achieved some multiplication of parasiteso Deseler, however 

re~eated their work using media of similar composition and 

concluded from his attempts that he had not observed any 

increase of parasites in his cultures and that in fact 

there was a gradual decrease in number, with evidence of 

progressive degeneration. 

Further attempts by Ziemann (1913), Knuth & Richters 

(1913), Toyoda (1913), Thompson & Fantham (1913) and Ziemann 

(1914) made it clear that the substrates were not suitable 

for survival and multiplication for any length of tirue and 

there was subsequently u loss of interest in cultivationo 

In malaria there have been attempts over a much 

longer period since the discovery of the parasite in 

1880 by Laveran (Polet, 1966). Investigations before 1943 

were reviewed by Geiman, Anfinsen, McKee, Ormsbee & Ball 

(1946). Results obtained were similar to those for babesiosis. 

Significant progress was however made after this particularly 

since the World War II malaria programme, and new information 

became available about the growth requirements of plasmodia. 

Interest was stimulated anew in fundamental malarial research 
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by drug resistance developine; in certain strains of the 

organism and by the persistence of malaria transmission 

(56) 

in socalled "problem areas" in spite of eradication procedu.reG 

with drugs and residual insecticides. P. falci;parum has 

shown itself as highly virulent in South East Asia and resistant 

to modern sjnt~etic antimalarial drugs, resulting in reversion 

to ~uinine treatmento (Geiman, Siddiqui & Schnell, 1966)o 

Success in cultivation of parasites by these workers, by 

Polet (1966), by Trager (1966), by Geimun et al. (1966) and 

others, has been only partialo The latter authors quote 

a 1948 statement by Geiman: "unlimited prolonBed cultivation 

of mammalian plasmodia awaits better lliethods for the maintenance 

of the integrity of erythrocytes in vitro, the elaboration of 

specific biochemical and metabolic properties of plasmodia, 

the identification of unknown growth-promoting substances 

in plasma or the ability to provide an intracellular medium 

which will permit growth and multiplication free of the red 

cell'' o They feel that there have been stepwise advances and 

that chances are improving for a successful outcome. It 

is tempting to think that ultimately similar methods would 

also be effective for Bo canis and that a suitable substrate 

will be foundo 
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PATHOGENIClTY 

PATHOG~"'NICI TY IN DOGS 

(57) 

An interesting phenomenon encountered in B. canis 

infection is that, unlike the Babesi~ infections in most 

other domestic animals, puppies up to the age of about three 

montrls are much more auscepti ble to a severe form of the 

disease and die nmch more readily from its effects than 

do older dogs. At the other end of their life span there 

is again a decreased tolerance when failing kidneys and 

other organs render the anin1al particularly prone to die 

from the secondary effects of the disease, even when Sllecific 

treatment has eliminated the parasites. In an enzootic area 

this latter fact is not of great moment since practically all 

dogs acquire premunition much earlier in life. 

A number of early authors have remarked on the 

comparatively high susceptibility of pupa. These include 

Nocard & Motae (1902), Galli-Valerio (1904), Christophers 

(1907), Breinl & Annett (1909), and Donatien (1927). T.he 

only deviate opinion encountered was the text of Hagan & 

Bruner (1951), in which young pupa were held to be relative~ 
! 

ly susc epti bl e. 

Neitz (1956) commenting on this phenomenon stated 

that a satisfactory explanation had not yet been given. He 

believed that the only anatomical and physiological difference 

wae that in puppies involution of the thymus commenced within 

a few days after birth while in other species this only 

happened after several months. While this seemed likely it 

still lacked conclusive proof. 

58/ •••• 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



(58) 

Several workers have utilized passage through 

puppies in order to enhance the vii~lence of Bo canis, notably 

Knuth & Richters (1913) and Maegraith, Gilles & Devakul (1957), 

who wished to use the more virulent disease for experin1ental 

work. Henning (1956) has suggested that one should regard 

the tick not merely as an intermediary but actually as the 

natural host of the protozoon, the canine host being merely 

a means of disseminating ito This is a nice point, but it 

could be argued that the more favourable milieu in the 

young puppy would tend to enhance the virulence of the 

organism. 

A further consideration is the variation in virulence 

of B. canis found in different localities. In the perusal 

of literature of the first decade of this century one may 

observe the different results obtained by French workers 

as against the Cambridge group working with a locally main­

tained South African strain, in substantially similar experiments. 

Babesiosis was encountered by Malherbe (1962) in the 

Eastern United States, notably in Pennsylvania, New Jersey 

and Delaware, in locally bred and kept dogs. In these cases 

their apparently good habitus was in striking contrast1 with 

the dejected habitus in South Africa, except when there 

was at the same time some other infection or some organic 

disease. 

A statement sometimes made to the effect that imported 

and purebred dogs are more susceptible than indigenous dogs 

and crossbreeds, in a holoendemic area, does not in the 

experience of the writer appear to be true. "Imported" is 
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here used in the sense of importation from an area where 

the disease does not occur. It is felt that in virtue of 

the fact that young pups are more susceptible than older 

ones to the virulent form of the disease, the generally 

older importations have some advantage, and are, in addition, 

generally better cared for. Purity of breed does similarly 

not produce any greater clinical severity. 

It appears that the heaviness of tick infestation 

and the type of coat of the animal, together with the general 

state of health and quality of nutrition, are much more 

important factors than purity of breed, per !!t and origino 

3.6.2 PATHOGENICITY IN OTHER ANIMALS 

Until 1938 it was generally accepted in the absence 

of proof to the contrary that B. canis was specific for the 

dog. In that year however, Schoop & Dedi~ demonstrated the 

susceptibility of the silver fox to this infection. Previous 

attempts to infect two species of African jackals had, according 

to Neitz & Steyn (1947), failed, probably on account of their 

being in a state of premunition and consequently refractory to 

new infection. 

In the early part of the century a number of workers 

attempted transmission from dogs to animals other than members 

of the Canidaee These authors include those listed in 

Table 3.6.2.1. 
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TABLE 3o2.6.1 

UNSUCCESSFUL ATTEMPTS AT TRANSMISSION OF B. CANIS 

Authors 

Robertson (1909) 

Animals subinoculated 

Horse, ox, sheep, cat, 
rabbit, guinea-pig, rat, 
mouse, fowl 

( 60) 

Nocard & Motaa (1902) Ox, sheep, goat, cat, rabbit, 
guinea-pig, white rat, white 
mouse, fowl, pigeon 

Galli-Valerio (1904) Horse, ox, sheep, goat, cat, 
rabbit, white rat and mouse 

Nuttall & Graham-Smith Cat, ferret, hedgehog, 
(1905) guinea-pig, white rat 

Bumann (1910) Rabbit, guinea-pig, mouse 

All these attempts failed. Thomas & Brown (1934) even 

tried infecting splenectomized cats without success. 

After the successful transmission of B. canis to 

the silver fox by Schoop & Dedie there was renewed interest. 

Neitz & Steyn (1947) succeeded in infecting both entire and 

splenectomized black-backed jackals. In 1956 Neitz tabulated 

instances where it had been concluded that natural infection 

had taken place and that workers had in fact been dealing 

with B. canis, and also proved cases of a,rtifioial infection. 

This table is reproduced in modified form, with more recent 

additions, as Table 3.6.2.2e 
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TABLE 3.6.2.2 

DOMESTIC AND ~,ERAL MEMBERS OF THE FAMILY CANIDAE 

SUSCEPTIBLE TO BABESIA CANIS 

Hosts •• Countries Mode of 
Infection 

f I 

Dog ,Africa, Ameri-,Na~tral and 
'ca, Asia, 
' , Europe, 

'Australia 

Side-striped 'East Africa 
' jackal 

Wolf 

Red fox 
Silver fox 

Algerian 
jackal 

Black-backed 
jackal 

Cape Hunting 
Dog 

, Turkestan 

, Germany 

'Algeria 
' 

,South Africa 

•south Africa 
I 

'artificial 
I 

'Natural 
• 

,Natural 

,Artificial 

'Artificial 
I 

,Natural and 

'artificial 

'Natural 
' 

References 

' , See Section 
1 2o3 
' 

'Nuttall ( 1910) 
' 
, Yakimoff & 

'Schokhor 
' ' ( 1917) 

,Schoop & Dedi~ 
' ( 19 38) 

'Gayot ( 1946) 
• 

,Neitz & Steyn 
I ( 194 7) 

'Neitz (1965) 
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4. MATERIALS AND METHODS (GENERAL) 

For the primary purpose of this study blood was 

collected from some hundreds of naturally infected clinical 

cases of babesiosis presented for diagnosis and treatment 

at the Onderstepoort Outpatient clinic. These represented 

the manifestations of the disease as encountered in actual 

practice and thus provided some advantage over experimentally 

produced cases which of necessity would have to be kept under 

more or less artificial conditions divorced from the stresses 

of everyday lifeo The majorj_ty of fjeld cases thus studied 

provided only a single opportunity for collection of materjal 

as thgy were normally treated and discharged immediately. 

Severely affected dogs were where possible admitted to hospital 

for the necessary supportive treatment. Some of these were 

studied at intervals of a few days up to the stage of clinical 
I 

health so as to follow the course of recovery. r"'inally, 

where desired, a smaller number of animals was experimentally 

infected for investigation of particular aspects. 

Blood for haematology and for biochemical detennina-

tions was collected usually froru a cephalic vein, or in 

small colla.vsed animals from the jugular, into suitable vials 

containing dried anticoagulants. Initially dried oxalatee 

were used but later disodium ethylenediamine tetra-

acetate (EDTA) was used exclusively for haematology and 

dried or concentrated heparin for chemical determinations. 

This material was procei::>sed under th~ conditions and within 

the time limits deemed deairable for accuracy. 
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For convenience in recording and assessing the results 

of determinations within the framework of a progressive 

disease the affected animals were arbitrarily divided into 

three clinical categories reflecting roughly the progression 

of the disease. These could from their nature not be clear 

cut divisions as, inevitably, cases occurred which were 

borderline and had to be placed in one or other category 

where they best conformed in the judgment of the attending 

clinician to the chosen clinical criteria. The grouping 

was as follows:-

Category I. Early acute cases with detectable 

pallor of the mucous membranes and red cell counts of about 

three million or more per cubic millimetre. 

Category IIo Well developed cases with very 

pale to white mucous membranes and red cell counts usually 

ranging from less than one million to below three million 

per cu mm, but w~th ~evidence of icterus. 

Category III.o Cases manifesting any degree of 

icterus, from faint to frank, regardless of red cell count 

which was often, ,thou~1 not necessarily, of the order,of 

Category II. 

The results of determinations were tabulated and 

subjected to statistical evaluationo 

It was found that merely comparing means was not 

satisfactory on account of the scatter of values found within 

a category. Almost invariably and largely due to the steadily 

progressive nature of disease and the absence of a clearcut 
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cut-off line, there was a greater or lesser degree of over­

lap between the values of the three categories. To determine 

whether there were real differences between the categories and 

to what degree these were statistically significant, the data 

were subjected to analysis of variance. This was computed 

by means of Snedecor' s variance ratio n:F•• between the variance 

ttbetween groups" (numerator) and the variance "within groups" 

(denominator). The values for this ratio were compared with 

those in statistical tables in the appropriate columnsand 

rows for the degrees of freedom. Using tables for different 

levels of probability the degree of significance at which the 

null hypothesis could be rejected could be assessed. The 

method was as set out in the texts of Hoffmann (1963) and 

Lewis ( 1966 ). 

The methods used for individual biochemical and other 

determinations were as given under their appropriate headings. 
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5. THH CLINICAL PATHOLOGY 0.~ THE LIVER 

IN BABESIOSIS 

5.1 INTRODUCTION 

Since the earliest days of the appreciation of this 

infection as a disease entity the symptom which has drawn the 

most attention (Hutcheon, 1899; Hutcheon,l900; Almy, 1901; 

Robertson, 1901; Galli-"/alerio, 1904) has been the frequent 

occurrence of icterus as evidenced by the yellow colour 

of the mucous membranes and skin. It was most evident in 

autopsies of dogs which had died from the disease and was 

seen particularly in the days before effective chemotherapy 

became known. It is today still seen in neglected or very 

severe cases. 

The name "biliary fever" or ttgalkoora '' by which the 

disease is most generally known in South Africa provides 

further evidence of the importance attached to this symptom 

in the lay mind. It has also been named in other countries 

and in other languages and times: malignant malarial fever, 

malignant protozoal jaundice, Gallenfieber, bosartige 

Gelbsucht, and fievre bilieuse. 

I 

The participation of the liver in the clinical 

picture has its parallel in that of human malaria. Aslin 

the latter the picture in general is one of a centrifugally 

progressive degeneration, necrosis and disappearance of 

hepatic polygonal cells from the central vein of the lobule 
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outwards leaving the periphery in the vicinity of the 

portal triad relatively unaffected until an advanced 
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stage of the disease is reached (Andrews & Maegraith, 1948; 

Maegraith, 1948; Gilles, Maegraith & Andrews, 1953; 

Maegraith, Gilles & Devakul, 1957). 

Very early in the present study it became clear 

that the liver became involved to some extent in the 

disease process long before clinical icterus was manifested. 

It was resolved therefore to examine this question by means 

of selected modern clinical laboratory procedures for 

assessing liver damage. 

Svirbely, Monaco & Alford in 1946 reported on the 

comparative efficiency of various liver function testa 

in detecting hepatic damage produced in dogs by exposure 

to inhalation of xylidine, a toxic organic amine. Of 

these they considered the estimation of bromsulphalein 

retention (BSP test) to provide the most consistent 

results in that it detected very early liver damageo 

Rose-Bengal gave comparable results but presented difficulties 

in connection with turbidity of the plasma. Bilirubin 

retention gave erratic results and was not nearly as 

sensitive as the dye retention testso Serum phosphatase 

was fairly useful but not conclusive when an early 

diagnosis was required. They found prothrombin time ratio 

to be technically more difficult than the BSP test and 

regarded the results as inconclusive. Urinary urobilinogen 

was less sensitive and less reliable and required daily 

analysis of 24 hour samples. These workers found the 
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differential diazo test of van den Bergh to be of little 

value in early liver damage and obtained "directtt and 

"indirect" reactions only when the dogs were jaundiced 

and near deatho n1e icterus index was of very limited use 

and the determination of fibrinogen and the albumin-globulin 

ratio did not give statistically significant resultso Hanger's 

cephalin-cholesterol flocculation (1939) had been discarded at 

the outset for the reason that marked flocculation occurred in 

the serum of normal dogs, as indeed Hanger hj_mself had foundo 

Drill & Ivy (1944) in an earlier study had obtained 

similar results when investigating the comparative value 

of BSP, serum phosphatase, prothrombin time, and intravenous 

galactose tolerance tests in dogs with livers oamaged by 

twice weekly peroral doses of 0.5 ml of carbon tetrachloride 

per Kg. Their results indicated that though the tests 

mentioned might be expected to show a varying response 

according to the particular function or functions put out 

of action by the intoxicant they actually in practice showed 

merely a varying degree of sensitivity. In other words 

different tests under these circumstances of continued 

intoxication gave positive results after different stages 
I 

of the development of liver damage. 

In spite of the fact that these workers used a block 

comparator for the estimation of BSP retention as in the 

original method of Rosenthal & White (1925) they found 

this qualitatively the most sensitive in detecting the 

type of damage produced by carbon tetrachloride. Serum 

phosphatase (Bodansky, 1937) was considered from these 
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few cases to be practically as sensitive as the dye 

retention. Next in order of sensitivity came prothrombin 

time (Ziffren, Owen, Warner & Petersen, 1942) and then the 

intravenous galactose tolerance test (Bassett, Althausen 

& Coltrin, 194l)o Altogether only ten dogs were used but 

nevertheless the results were useful as an indicationo 

In four of the animals, what they termed the "indirect 

van den Bergh" was performed with ne~a. ti ve results after 

which this test was abandoned as being less sensitive 

than the others. These authors however concluded that 

bilirubin would have been detected if intoxication had 

been continued for a longer periodo The method used was 

described as beine "standard" procedure. 

Most clinical studies of serum phosphatase appear 

to have been directed at usine the test to differentiate 

between h~apatocellular and obstructive icterus but even. 

in this the overlap was so broad as to minin•ize its 

usefulness for differer1tia tiono ExperiiJJentally workers 

found the sensi ti vi ty of se1·um phos}Jha tase to be of the 

same order as dye retention tests in assessing liver damage 

produced by feeding dogs on a protein free diet, experimen­

tal hyperthyroidism, bile fistula dogs and in Drill and 

Ivy's carbon tetrachloride intoxication studies. It was 

considered technically a simple teet and of value if bone 

disease could be ruled out. Svirbely et al. (1946) did 

not confirm this view in their study and regarded this test 

as inconclusive where early diagnosis was required 

while dye retention in their opinion met these requiren1ents 

very adequately. 
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It was thus decided for the purpose of the 

presen·t study to run a battery of tests on ordinary ttfield" 

cases of Bo canj_s infection presented for diagnosis and 

treatment at the Onde1·stepoort Outpatient clinico These 

animals presented aJ.J var:i a tions 2nd Btages of development 

of the diseuse and gave a good cross-section of all types 

of the disease .!Jietur-e as wet with in practice. From this 

it was antj_cil'ated that a clear picture co1.~ld be obtained 

of the degrees of sensitivity of the various testa to 

the type of liver· da.rr.age produced by this infection. For 

convenience the patients were divided into the three 

categories as set out in Section 4o 
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BROMSULPHALEIN RETENTION 

General Considerations 

Rosenthal & White in 1925 introduced the use of a 

dye, sulphobromophthalein ( 'bromsulphalein', BSP) for the 

testing of liver function in humans. They showed that 

intravenously administered BSP was removed al~ost exclusively 

by the liver from the circulating bloodo Numerous studies 

since that time have confirmed the general usefulness of 

this test, the uptake, storage, conjugation and excretion 

by the liver of this dye being a measure of both hepatic 

biochemical integrity and of hepatic blood flow. There are 

a number of steps limitine the rate of excretion into the 

bile, making the test a very sensitive indicator of hepatic 

dysfunction generally. Delay in the removal of dye from 

the blood stream may be due to hepatic necrosis or to 

fibrosis with a reduced (functional) parenchymal mass and 

subsequently depressed blood flow (Corne]us, 1963). 

The comparative studies of Drill & Ivy (1944) and 

Svirbely, Monaco & Alford (1946) in connection with dogs 

subjected to liver damage by hepatotoxic substances were 

mentioned in Section 5.1. Later, in 1950, Hoerlein & 

Greenpublished the results of ~nvestigations into the 

value of BSP retention in liver pathology arising from 

various infections, chemical irritants and dietetic 

deficiencies in dogs. These authors brought up the difficulty 

produced by the presence of bilirubin in appreciable amounts. 
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This tended to invalidate attempts at exact quantitative 

assessment of liver damage. This issue was examined by 

Zieve, Hill, Hanson, Falcone & Watson (1951) who, starting 

from the view that the BSP test was not interpretable in 

the presence of moderate or severe icterus on account of 

regurgitation of the dye with bilirubin into the blood, 

suggested the use of a nomogram or a table of values to 

be used to assess the true levels of ESP retention. This 

could be considered as important or quantitatively significant 

if the percentage retention were in fact proportional to 

the amount of liver damageo It has, however, been pointed 

out (Cornelius 1963; Popper & Schaffner, 1957) that in 

evaluating BSP retention other factors need to be considered: 

the hepatic blood flow, the complex process of cellular 

BSP uptake, conjub~tion and excretion, and the patency of 

the biliary passage. Thus there are important additional 

factors affecting the blood flow wuch as shock, congestive 

heart failure, and reduced parenchymal mass as a result of 

fibrosis to be considered. 

It is generally accepted that a retention of less 

than 5 per cent at 30 minutes after injection can be considered 

normal for the dog, using colorimetric methods of determination, 

and more or less arbitrarily taking a concentration of 10 
' I 

mg per 100 ml as the 100 per cent retention standard at 

the customary dosage of 5 mg per Kg. Higher values given 
I 

by the earlier workers quoted above were obtained with 

the use of commercial comparator blocks and can thus be 

regarded as only qualitatively comparable. Drill and Ivy 
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for instance injected 5 mg per Kg and measured retention 

aga.ins t 2 mg per Kg standards with a block com para tor. 

They thus called 4 mg per 100 ml the 100 per cent standard 

and so indicated normal vo.lues as lying between twc and 

12 per cc•nt at 30 mi.nutes after administration. 

Previous investigators of c&njne babesiosis have 

apparently not used ESP as a test of lj_ver function. 

VVhij_e clearly it would not give much ·1nfonna tion i.n icterus 

it was considered that a comparison of values between 

the three categories might well give a useful indication 

of the effect of the disease on excretion of the dye. 

5.2.2 Materials and Methods 

Some 52 dogs were used for this experiment, 

somewhat less than others since most of the first two 

categories could n9t be kept for the time required for 

the testo 

For this study the usual 5.! me per Kg dosage was 

injected into one cephalic vein and a single blood sample 

collected from the contralateral vein exactly 30 minutes 

after the middle of the injection. The concentration of 

BSP in the plasma of the sample was determined colorimetrically 

and compared with a 10 rug per 100 ml standard representing 

100 per cent retention. 
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Results 

The results in the three clinical categories are 

plotted as a scatter diagram to give an in~ediate visual 

comparisono See Fig. 5.2.3. 

The trend of retention levels was quite evident. 

Although there was SOllie overlap of values between the 

different categories the tendency was for BSP retention 

to rise as the di~eased progreseedo The overlap was merely 

a reflection of the continuous nature of the changes and 

the lack of clear delineation betwaen the categories. 

In the Category I cases, early acute ones, values 

remained subs'tantially within normal limits and the mean 

was 4 per cent (s.d. = 2). When anaemia however became 

severe (Category II) the majority of tests indicated severe 

hepatic damage with a mean value of 24 per cent (s.d. = 
20o6) retention, while in the third category, showing 

any degree of icterus, BSP retention figures were without 

exception substantially elevated above the normal range, 

the mean being 61.7 per cent (s.d. = 18.8). 

In an analysis of variance the progressive rise in 

BSP retention during the course of the disease proved to be 

highly significant at a level of P less than 0.001, not only 

overall but e~ually so between successive categories. 

See Table 5 • 2 • 3. 
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Fig. 5.2.3 SCATTER DIAGRAM IN.DlCATING VALUES FOR 
BSP RETE11TION IN i'HE THRF..E 
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TABLE 5 • 2 o 3. STATISTICAL DATA 

ANALYSIS Oli' VARIANCE: "F" RATIO 

BROitiSU1PHALEIN RETENTION 

..... 
t 

' 

(75) 

t 

' Degrees of Probabi- ~ Categories "F" I Significance Freedom ' lity ' I ' ' ' 
' ' I - II - III 40.3 DF1 2 DF2 49: p < o. 001: High 
' ' t ' I - II 29.5 DF1 1 DF2 29 ~ p < o. 001; High 
' ' I ' I 

II - III 36.5 DF1 1 DF2 40~ p < 0.001: High 
I I 

Discussion 

Examination of the data given above rn.a.kes it clear 

that the early acute cases of the first category showed 

virtually no rise of BSP retention above the usually accepted 

5 per cent level. The few that were just above were deemed 

to be due to a degree of medical shock with consequently 

tardier flow of blood through the liver. 

In Category II the development of liver damage 

was clearly associated with the development of severe 
I 

anaemia and in this series of icterus cases (Category I~I) 

considerably retarded clearance of BSP was found in eve~y 

instance. 

The results tended to demonstrate sufficient 

development of liver damage to be clearly detectable by 

the ESP retention test from the point of severe anaemia 

onwards. 
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An interesting observation relating to the second 

category was that animals giving the higher values, and being 

treated immediately with specific drugs, showed frank icterus 

on the following day (with further elevated BSP retention). 

This suggested the possibility that one might with some 

confidence predict the occurrence of a jaundiced stat~ when 

severely anaemic patients show BSP retention of 80 or 90 per 

cent, regardless of whether they were treated or noto 

A further point here to be noted is that although 

babesiosis is primarily a disease characterized by more 

or less intravascular haemolysis, sometimes in massive 

degree, icterus has never been observed in the absence of 

evidence of liver damage. Raised values for BSP already 

in the second, strictly nonicteric, category would support 

this contention, which has been found to hold true in 

many hundreds of liver function teats of different kinds. 

This renders a concept of "haemolytic icterus" an exceedingly 

doubtful one, as discussed elsewhere, certainly as far as 

dogs are concerned. (See Section 5.5). 
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INFLUENCE ON PLASII/IA TRANSAMINASES 

5.3.1 General Considerations 

The foundations of the understanding of transaminating 

enzymatic mechanisms in the anirual body were laid as long 

ago as 1937 by Braunstein & Kritsman. These consist of 

chemical reactions conr;erned with the transfer of the 

o<..-amino group of either aspartic acid or alanine (amino­

acids) to ~-ketoglutaric acid (a Krebs cycle metabolite) 

resulting in the synthesis of a new amino-acid glutamic 

acid and new o<-keto-acids oxaloacetic or pyruvic acids in 

the sys ten1s currently utili zed in diagnostic clinical 

chemistry. Credit for this application goes to the 

Wroblewski-Karmen-LaDue group at the Sloane-Kettering 

Institute in New York (LaDue, Wroblewski & Kormen, 1954; 

Wroblewski & LaDue, 1955; Karmen, Wroblewski & LaDue, 1955; 

Molander, Wroblewski & LaDue, 1955; Mason & Wroblewski, 

1957) who were the pioneers in assessing the clinical value 

of determining the transaminase activity in human serum. 

This led to the establishment of a new and valuable addition 

to the battery of tests available to the clinical pathologist. 

The initial work was done with serum glutamic 

oxaloacetic transaminase (SGO-T). This enzyme was found in 

the greatest concentration in certain body cells: in the 

ca.se of man in heart muscle, skeletal muscle, brain, liver 

and kidney, in decreasing order. The clinical importance was 

found to arise from the fact that as a result of necrosis or 

degenerative processes in these cells the concentration of 
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enzyme rose appreciably. Primary interest was accorded to 

its usefulness in the diagnosis of myocardial infarction where 

great elevation of activity was found, from 2 to 20 times 

normal during the first 24 hours after the onset, returning 

to the normal range within three to six days. This 

transaminase was unaffected by angina pectoris, coronary 

insufficiency, heart failure or cardiac arrythmias. It 

was therefore of great value where electrocardiographic 

results were equivocal. Enhanced plasma activity of the 

enzyme provided a·trong support for a diagnosis of infarction 

when Q waves were absent in the ECG, when the ECG pattern was 

obscured by previous infarction, and when there was a left 

bundle branch block. High values were recorded in various 

other conditions characterized by more or less extensive 

cellular damage, e.g. acute myocarditis, acute pancreatitis, 

haemolytic crises, extensive crush injuries and after 

surgeryo Manso, Taranta & Nydick (1956) showed that 
I 

enzyme activity was also enhanced by the administration 

of large doses of aspirin. Normal activity however obtained 

in pericarditis, pulmonary infarction, rheumatic fever, 

rheumatoid arthritis and acute cholecystitis. 

Wroblewski & LaDue (1955) after their findings in 

myocardial infarction, investigated the concentration of 

SGO-T in liver disease such as caused by carbon tetrachloride 

poisoning, viral hepatitis, cirrhosis, obstructive jaundice 

and carcinomatosis. This investigation was coupled with 

determinations of serum bilirubin, cephalin flocculation, 

thymol turbidity, albumin-globulin ratio, alkaline phosphatase, 
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cholesterol and cholesterol esters, bromsulphalein 

retention and prothrombin time. From these studies they 

concluded that SGO-T was impressively elevated as a result 

of acute liver cell injury due to tetrachloride poisonin6 and 

to viral hepatitis. Moreover this increased activity was 

found to be an index of liver cell injury not at all necessarily 

correlated with the usual tests of liver dysfunction. On 

account of the very considerable functional reserve of the 

liver considerable destruction is required to disturb these 

"functions". This evidence of liver cell injury or necrosis 

was certainly significant and useful and has led to considerable 

interest in various parts of ·the world. In Denmark in 1958 

Madsen, Bang & Iversen reported on similar results in a large 

series of patients suffering from various liver diseases. 

In a further series of publications Wroblewski & La Due 

(1956), Wrcblewski, Jervis & La Due (1956) and Wroblewski & 

Cabaud (1957) showed the value of seruw glutamic Plruvic trans­

aminase (SGP-T) as an even more sensitive index of liver cell 

damage than SGO-T. In myocardial infarction SGP-T levels 

were found to be affected only at exceedingly high levels of 

SGO-To In man then the picture emerged that if SGO-T was 

elevated, taking into consideration appropriate clinical and 

ECG findings, involvement of heart muscle was likely, whereas 

if both SGO-T and SGP-T were present in large amounts, particu­

larly the latter, liver necrosis could be expected to be 

present. Confirmation of this work was provided by Pryee­

Daviea & Wilkinson (1958), particularly in viral hepatitis. 

In the veterinary field fundamental work was carried 
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out by Cornelius, Bishop, Switzer & Rhode (1959)o 

They studied tissue transaminases by a modification of 

the procedure of Tonhazy, White & Umbreit (1950), and for 

the estimation of transaminase activity in the serum they 

used the methods of the Wroblewski group (Cabaud, Leeper & 

Wroblewski, 1956; Wroblewski & Cabaud, 1957) and of 

Reitman & Frankel (1957)o Liver necrosis was induced in the 

varioud species by means of dosage with carbon tetrachloride 

in mineral oil. 

SGO-T activity was increased following liver damage 

in horses, cattle, pigs and dogs, but in contrast SGP-T 

figures were affected only in dogs. This was a reflection 

of the fact that of these animals the liver of the dog only 

contained large amounts of GP-T. The work of Malherbe 

(1960) provided confirmation of these findings and in it 

he discussed the value of determination of transaminase 

activity in a variety of liver diseases such as occurring 

in the course of infectious canine hepatitis, babesiosis 

in horses, cattle and dogs, anaplasmosis in cattle, intra­

hepatic cholestasis, hepatic carcinoma, purulent hepatitis, 

leptospirosis (L. icterohaemorrhagiae) in dogs, and in 

bacterial icterus of sheep. In this study a different 

method was used, that of King (1958) which gives figures 
I 

roughly three times as high as those expressed as Sigma­

Frankel units (Reitman & Frankel, 1957). Fundamentally 

the procedure consists of incubating serum or plasma with 

substrates consisting of oc-ketoglutaric acid and aspartic 
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acid or alanine to determine SGO-T or SGP-T respectively. 

Techniques of different authors, however, differ chiefly in 

respect of incubation temperature and duration, and the 

method by which the rate of reaction is determined. This 

rate is a measure of enzyme activity. For this, paper 

chromatography, spectrophotometric determination of the 

fall of extinction at fixed wavelengths, and chemical 

reactions of various kinds are used but there rewains 

considerable doubt and confusion as to the comparative values 

of the units. Daly & Jordan (1959) have made a strong 

plea for the use of the King unit which is defined as 

that activity in 100 ml of serum which will convert one mol of 

amino-acid to keto-acid in one hour at 37°C. This activity 

is expressed in terms of the reactant formed and is n1easured 

calorimetrically. The unite are of a convenient order 

as they avoid decimals or very large figures in the normal 

range. 

In this laboratory the King method has been found 

to be eminently suitable and feasible with relatively 

unsophisticate~ equipment. Mohun & Cook (1957) devised 

a simple· method, similar to King's, and gave comparative 

costs while also examining the,resultant figures most 

critically. The differences in cost was found to be 

considerable and the results very satisfactory. In both 

these latter methods protein precipitation, and finally 
l 

toluene extraction, are eliminated, thus reducing the number 

of steps leading to the desired end. 
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Determination of transaminase activity in babesio~is, 

not :pr·eviously done by inveGtigators of this disease, seen1ed 

an attractive procedure for assessing the earliest beginnine,s 

of liver cell necrosis or degeneration as a result of the 

disease, and for followine the .Progress of these changes 

during the course of the disease. Only passing mention 

had previously been made by the present author, (1960) 

of changes of transaminase activity in babesiosis. 

Materials_j!!ld Methods 

In this study 89 dogs provided the source 11a terial 

and as mentioned above, the n•ethod of King ( 1958) was 

used fo!' deterL.lination of tbe a.ctivi-~y of the enzyme. 

Results 

These were subdivicJed into the three clinical 

categories and the determinations of SGP-T activity 

set out in a scatter diagramo See Fi6o 5.3.3o 

SGP-T was selected on account of i ·ts specificity 

for liver damage in the dog. As a routine, SGO-T was also 

determined simultaneously but the general pattern was that 

it was less sensitive in its response than SGP-T and that 

higher figures (for SGO-T) were almost without exception 

found only in specinJens manifesting haemoglobinaemia. 

Of the 35 dogs in the first category at least five 

gave values above the normal range, which has been found 

(Malherbe, 1960) to lie between about 30 and about 100 King 

units. This gave evidence that in a minority of cases of 
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early acute babesiosis there was already some slight degree 

of hepatocellular damage, sufficient to cause some elevation 

of enzyme activity in the plasma. The mean was 68 units 

(s.d. = 36). 

The 40 dogs in Category II showed considerably more 

seat ter, with more than half within the nor1nal range, 

showing some l~ck of direct correlation between the degree 

of anaemia and the extent of liver cell involvement. Some very 

high values, indjcating very extensive cell degeneration and 

necros~s, brought the mean to 139 (a.d. = 113), distinctly 

in excess of the normal range. 

In the icteric dogs (Category III) all values were 

above the normal range and the mean was 287 units (s.d. 112)o 

Analysis of this series indicated a very high degree 

of significance at the level of P = OoOOl for the increase 

of transaminase activity durir1g the progress of the disease. 

Similar evaluation between individual groups, I to II and II to 

III, showed significant increases at the same level of 

probability in both cases. See Table 5.3.3. 
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STATI0TICAL DATA 

ANALY::>IS O.r' VARIANCE: "F" RATIO 

PLASMA GJJU'rALllG PYRUVIC TRA!JSAi'VliNASE 

(85) 

----- i --·-·"-.... + .. -0-

I ' I ' I I 
I t .Degrees of ~ l)ro ba biliJ, 

Categories I "F" Sig:nificanee 
I Freedom ' ,ty ' I ' ' ' I ' ______ ,.._._._... 

I - II - III 40.3 D.Fl 2 DF 2 49 p <.. 0.001 High 

I - Il 29 0 5 D~, 1 DF,) 2Q F <... 0.001 High 1 c:. 

II - II: I 36.5 D~, 
1 1 Dr,

2 40 p <.. o. 001 High 

Discudsion 

The figures obtained in the first two categories 

illustrate the fact that there is no clear cut division 

between the two and that there is a considerabl8 overlapping 

zone with no evidence of liver damage. Misleading histories 

(not necessarily deliberate) could have influenced the placing 

in one or other categor~ to some extent. Generally however 

the red cell count was the guide to placing the cases but 

as there is in this disease quite often a precipitate 

haemolytic crisis the choice of category would in some 

instances be due to an accident of timing. Occasional 

cases of concurrent and unrelated hepatic pathology could 

also have affected a few of the figures. 

The results obtained thus show that liver pathology 

coillmences in some cases at a fairly early stage of the disease 

and that it is progressive during the course of untreated 

infection. 
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It is a frequent experience that dogs showing great 

pallor only on the day of treatment are found the next day 

to be markedly jaundiced, al thou;h parasites have disapr,ear­

ed from peripheral blood smears, indicating effective 

specific treatment. It has however, not been found possible 

to correlate r;he height of the SGP-T figure with the likeli-

hood of such an occurrence. 

A few case histories may illustrate this irre;ularity. 

Case 112/59 vvas a Category I animal clinicAlly vvi th a red 

cell count of 3.21 million per mm3• Its plasma was reddish 

brown and total bilirubin was 2.70 m.g per 100 ml, more of it 

unconjugatc;1 thB.n conjugated. SGP-T was 190 King units. 

It vtas t!"eated immediately but was icteric on the following 

day. 

Case 32/59 (Category II) was admitted very pale with 

a histor;y of 24 hours of inanition and malaise. BSP retention 

was 24 per cent, total bilirubin 0.65 mg per 100 ml with 

0.45 unconjugated and SGP-T 260. Three days after admission 

and specific therapy it was still not eating but SGP-T had 

dropped to 176 units and the blood picture had deteriorated. 

No icterus developed. Blood urea nitrogen remained normal 

throughout indicating satisfactory kidney function. This 

animal mnde a slow but complete clinical recovery. 

A Cate.~ory I cnse, 114/59, on presentation had a 

red cell count of 3.01 million/mm3 , BSP retention of 38.4 

per cent and SGP-T of only 54 units. The plasma showed 

evidence of marked haemolysis. Despite the low SGP-T 

the animal was severely icteric the next day with activity 

of this enzyme at 151 units and BSP at 64 per cent retention. 
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Kidney function could posBibly havn b8en disturbed as 

shown by a blo~d urea nitrogen 27.6 mg per 100 ml on 

admission but the figures given rat:1er suggest the 

possibil1ty of a state of medical shock. 

( 87) 

It would thus appear that SGP-T while a good 

indicator of the presence and extent of active degene­

ration and necrosis of liver cells·, does not enable the 

clinician to predict the occurrence of subsequent icterus. 

In summary, transaminase was found to be a useful 

indica -tor of the earliest stages of liver cell. damage in 

babesiosis. Anoxia due to anaemia was obviously in the 

beginning not the major reason for such damage, and it 

could well be argued that anoxic damage resulted from 

defective sinusoidal blood flow as postulated by Ivlaegraith 

(1948)o This will be discussed more fully in Section 8~ 
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IN.b'LUENCE ON .21ASMA ALKALINE 

PHOSPHATASE 

General Considerations 

The measurement of serum alkaline phosphatase 

(88) 

activity w~s brout;ht into clinical use in the early 1930's 

when it had been found to be increased in certain types 

of bone disease (Kay, 1929, 1930). During that decade 

it received considerable attention (Roberts, 1933; 

Rothman, Meranze & Meranze, 1936; Cantarow & Nelson, 

1937; Gu~nan, Olson, Gutman & Flood, 1940) in diseases 

of the liver and has subse~uently become firmly establish-

ed in the clinical chemical diagnostic evaluation of 

liver function (Cantarow & Truruper, 1962). 

As far as dogs are concerned evaluations of the 

serum "phosphatase" activity were made by Drill & Ivy in 

1944 and by Svirbely, Monaco & Alford in 1946, (see 

Section 5ol) and th1ey found this a sensitive test of liver 

function. 

Alkaline phosphatase is one of a group of 
i 

phosphatases present in the blood and tissues and which 

hydrolyse organic phosphoric acid esters, primarily hexose 

monophosphate and glycerophosphate, liberating the phosphate 

iono The different phosphatases are differentiated by the 

pH range in which each is most active. "Alkaline" 
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phosphatase is most active at a pH of 9.3 but is also 

quite active at the pH of blood, around 7.4. It is present 

in blood, ossifying cartilage, intestinal mucosa, kidney, 

liver and other ttasues (Gutman, 1959) and is believed 

(Bodansky, 1952) to be derived from osteoblasts for the 

greater part. The route of excretion from the body is 

almo.J t entirely via hE?P& tic cells in t~') the uile in ruan 

and the dog. In cats, however, the kidney (Cornelius, 

1963) also participates in excretiono 

The CiiDOUnt of alkaline phos_f.lhatase activity has 

been expressed in a number of systems (kaclagan, 1959) 

of units per 100 ml depending on the substrates used and the 

conditions and duration of hydrolysis. 1wo of them 

extensively used today are Bodansky unlts (Bodansky, 

1933) in the United States and King-Armstrong units 

(King & Armstron5, 1934) in Britain and in this countryo 

Normal figures for man and dogs usually fall within the 

range of 1-4 Bodansky (Gutman et al., 1940) or 3-13 King­

Armstrong units per 100 ml (Maclagan, 1959). 

The King-Armstrong unite used in the present study 

represent the number of mg of phenol which would be set 

free from a disodium phenyl phosphate substrate under 

the specified conditions of the method in 15 min. by 100 

ml of plasma. 1~e phenol is measured by its action on 

Folin and Ciocalteu's phenol reagent. 

Figures in excess of the range given are obtained 

as a result of overproduction, as in young, growing animals, 
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in animals suffering from rickets, osteogenic sarcomatosis 

and secondary hyperparathyroidism, or as the result of 

interference with the escape from the ciTculation via 

bile as seen in cholestatic conditions or in hepatitiso 

The question of this interference as the sole retention 

mechanism has been described as controversial, and Popper 

& Schaffner ( 1957) and Gu ·truan ( 1959) have discussed the 

evidence concerning possibly increased formation in liver 

cells. 

Much more recently Hill & Sarnmons (1967) have 

studied this aspect, using starch gel and paper electro­

phoresis for separatine the isoenzymes of alkaline phosphataseo 

'l'hey showed that the enzymes from bone and from liver were 

not identical and postulated the followin& mechanism: 

"The normal serum level is the result of two factors, the 

rate of release of the enzyme from the ti:.:3sues, principally 

liver and bone, and the rate of inactivatiun of the enzymes 

in the serum and body protein pool. In osteoblastic bone 

disease the elevated level is due to the rate of release 

of the enzyme exceeding the rate of inactivation. The 

raised level does not indicate an inability of the liver 

to excrete the enzyme via the biliary tract. In liver 

disease the increase in serum levels is a result of increased 

liberation of the enzyme from the sinusoidal surface of the 

liver cell nnd of regurgitation of the biliary enzyme back 

into the serumo" The last word has no doubt not been 

said about this matter. 
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Since not only the liver is involved in rises of 

plasma phosphatase activity it follows that in any evalua­

tion the clinical circumstances should be given due weight, 

and that moreover this determination should be combined with 

others in the assessment of hepatic functional impairment. 

Alkaline phos~hatase activity follows more or less 

the following pattern in the differential diagnosis of jaundice. 

It is regarded as less sensitive than bromsulphalein reten-

tion for early distvrbance of function. Transafuinase activj_ ty 

is nnlch IJi.Ol'e oensi tj ve to liver cell damage than phosphatase, 

2nd between hepatocellulc-.r damage and cholestatic lesions, 

tend to react quantitatively in opposite ways. 1'ransaminase 

activi.ty r:ises moderately in obstruction and very much more 

in liver cell necrosis or degeneration while alkaline 

:phosphatase shows considerably higher values in obstruction 

than it does in hepatitis and other for~ms of liver cell damage. 

IJCt tner &. Smith ( 19 58) have in fact suggested the use of a 

transaminase/phosphatase ratio as being useful in the differ­

ential diagnosis of jaundice. 

Working wi tn dogs li'reeman, Chen & Ivy ( 19 38) found 

for instance values of the order of 100 K.A. units in 

exper:imental obstruction compared with 20 K.A. units in 

leptospirosiso Bloom (1957) has observed values of between 

6 and 10 Bodansky units in dogs with hepatocellular damage 

while in obstruction they were usually much in excess of 10 

Bodansky units. The peak value found by Malherbe (1959) in 
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the course of a study of intrahepatic cholestasis (an 

obstn1ctive lesion) was 499 K.A. unitso 

(92) 

The difference however, is not always so clear 

cut since an obstru_ctive element (presumably biochemical 

in nature) may sur1ervene in severe hepatitis and the resulting 

levels may be as h).t:;h as in obstruction ( Gu.truan, 1959; 

Gornall & Bardavvill, 1960). 

Materials and Methods 

For the purpose of this study heparinized blood 

was collected from 89 field oases of babesiosis and plasma 

alkaline phosphatase activity was estimated by the method 

of King & Armstrong (1934)o 

Results 

Fig. 5o4o3 shows the scatter of plasma alkaljne 

phosphatase values obtained in the three clinical categories. 

Of the 28 dogs in Category I about one-third gave 

values above the accepted nox·mal of 3-13 K.A. uni tso 

The mean however, was 12.4 (sod. : 5.6) units. 

In the second category, comprising 44 dogs, about 

half the figures were within normal range. The mean was 

19 e 3 (:!:. 13.9 ) units 0 

In the case of the 17 icteric dogs the phosphatase 

values were almost invariably increased to levels commonly 

found in hei>a ti tis and liver cell necrosis. In this group 

the mean value was 51 (.±_ 46.1) units and the two very high 
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Fig. 5o4o3 SCATTER DIAGRAM INDICATING 
THE DISTRIBUTION O:B' ALKALINE PHOSPHATASE 

VAL"["ES IN THE .PLASMA OF 'llfiE THREE CATEGORIES 
OF BABESIOSIS 
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figures of 160 and 17;2 units recorded were considered to be 

of the order of those found in cholestatic conditions. 

Statistical evnluBtion of the figures obtained 

showed that there were very significantly higher values 

as the disease progressed (at the level of P = 0.001). 

In a comparison however, between Category I and Category 

II values (on account of the many normal ones in Category 

II), the rise is significant only at P ~ 0.05, while 

between Category II and Category III it is highly signifi­

cant at the P ~ 0.001 level. Hence the rise coinciding 

with the appearance of icterus makes the greater contribution 

to the overall increase. For statistical data see Table 5.4.3. 

TABLE 5.4.3. STATISTICAL DATA 

Al'{AIJYSIS OF VARIANCE: "Frt RATIO 

PLASMA ALKALI~l!; PHOSPHATASE 

Categories "F" 
Degrees of Probability Signifi-

Freedom cance 
t 
I I 

I - II - III :46.45 DF1 2 DF2 86 P(O.OOl ' High I 

' ' ' ' I - II ;. 6. 24 DF1 1 DF2 70 0.05 ) P> 0.01 ' Poor 
' ' ' I ' II - III :16.9 DF1 1 DF2 59 P< o.oo1 ' High 
' t ' 

5.4.4 Discussion 

The exact significance of the higl.er than normal 

values in Category I must be assessed with some cauti~n 
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as babesiosj.s commonly affects dogs in the younger age 

group. Grow1ng puJ:.>s, up to the age of nine months, and a 

few animals showing signs of bone disease, were represented 

among the patients and these might reasonably be expected 

to give levels above normal limits on the basis of 

enhanced osteoblastic activity. This determination 

therefore does not provide clear evidence of hepatic 

functtonal impairment in the early stage of the disease. 

In Category II the abnormal values tended to be 

considerably higher than the normal range, ce1·tainly higher 

than those assumed in Category I to be caused by osteoblastic 

activityo An appreciable incidence of liver pathology 

must then be responsible for these higher values. 

The icterus group has been seen to have consistently 

increased values, some to very high levels, reflecting 

marked hepatocellular damage and even a degree of cholestasis. 

As these latter animals were proven cases of babesiosis 

(not mechanical obstruction) a case could be made for an 

assumption that anoxic damage was in these cases severe enough 
I 

to inactivatethe transfer system between the hepatic cells 
. I 

and the bile canaliculi, thus giving rise to phosphatase levels 

more usually found in'obstructive lesions. 

As far as human malaria is concerned serum alkaline 

phosphatase does not seem to have received anything more than 

very sporadic attention. Lippincott, Ellerbrock, Hesselbrock, 

Gordon, Gottlieb & Marble (1945) investigated liver function 
1 
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in cases of naturally contracted r. vi vax mnlaria, includin{; in 

their battery of tests Plk~line rhosphntase. These tests 

reveal2d little more than transient deranJem8nt of hepatic 

cellular function in some cases. The malarial infection 

had ho .1ever been tre~ted pro::apt1y ·.vi th quinncrine. In a 

latrr report this group (Lippincott, Mnrole, Ellerbrock, 

Henselbruck, Fngstrom & Gordon, 1946) however described 

function tests in neurosyphi1?ci tic rntients which had been 

treated therapeutically with P. vivnx 8.nd in ':.rhich the latter 

infection was allowed to con~inue for about 20 days of 

parasitaemia. The majority of these Bhowed definite evidence 

of liver function impairment but alkaJinc phosphatase was not 

used for this series. 

Maegraith (1948) in his mono~roph on rathological 

processes in malaria and blaclnvater fever, and Maegraith, 

Gilles & Devakul (1957) in a similr:r short study of canine 

babesiosis made no mention of serum alkaline phosphatase as 

an index of disturbed liver function. 

In spite of its limitations this de~ermination does 

show the trends of liver damage during the later progress 

of babesiosis. 
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INFLUENCE ON BILIRUBIN METABOLISM 

5.5.1 General Considerations 

The most obvious change in the composition of blood 

plasma in conditions involving jaundice is the presence of 

bile pigments. This was remarked on in Section 5.1 in 

connection with babesiosis in the dog, where the popular 

names of the disease .tend to stress the observation that 

jaundice is frequently seen in severe or neglected cases. 

The moat important bile pigment, bilirubin, is 

formed, briefly, as follows: At the end of the life-span 

of an erythrocyte it is engulfed by a reticulo-endothelial 

cell in which it disintegrates. The porphyrin ring of 

haemoglobin is opened and a bilirubin-iron-globin complex 

for.wed. Iron is released from the complex and combines 

with ~-globulin for storage as ferritin or goes into 

the labile iron pool for re-use in the synthesis of haemo­

globin. Excessive haemolysis and thus excessive release of 

iron gives rise to haemosiderosis which is an accumulation 

of insoluble particulate matter in the cells, appearing 

golden brown granules in routinely stained sections. 

Haemosiderin, which is a ferric hydroxide and 

mucopolysaccharide complex, is similar in structure to 

ferritin. The globin set free goes into the protein pool. 

In milder degrees of intravascular haemolysis the 

haemoglobin set free is captured by haptoglobin, a colourless 

~~ -mucoprotein globulin. This complex is removed from 

the blood stream by the reticulo-endothelial system. In 
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the more massive haemo1ysis encountered in peracute and 

some acute cases of babesiosis these mechanisms are 

inadequate and the excess haemoglobin is spilled into the 

urine through the kidneys. The kidney threshold for 

haemoglobin is of the order of 130 mg per 100 ml of plasma 

in man. In such ce.ses of babesiosis the plasma becomes a 

deep port wine red and a probably similar threshold is 

exceeded very considerably, resulting in haemoglobinuria. 

Haemosiderosis is a frequent histological finding in ad­

vanced cases of the disease. 

The bilirubin resulting from normal breakdown of 

haemoglobin is taken up by the liver, conjugatedt and 

excreted into the bile. Excessive formation of bilirubin 

however exceeds the capacity of the liver to cope with 

it and a build-up of unconjugated bilirubin in the plasma 

me.y be expected. 

As long ago as 1883 Ehrlich found that if a mixture 

of su1phanilic acid, hydrochloric a.cid and sodium nitrite 

was added to serum containing bile pigments a violet colour 

was produced (With, 1954). 

The foundations of the clinical application of this 

fact were however laid over thirty years later when van den 

Bergh & Muller (1916) demonstrated two different types of 

reaction in the serum of jaundiced humans, a "direct" one 

following immediately on addition of the diazo reagent 

(the mixture of Ehrlich) and an ttindirect" one some time 

later. The "indirect" reaction could be elicited without 

delay if alcohol were added to the mixture, and was found 
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primarily in cases characterized by haemolysis. 

Chapman, Johnson & Karl in 1960 gave a modern 

review of the clinical application of the van den Bergh 

reaction in jaundice and assessed the present status of 

the test in the lieht of the newer knowledge of the 

(99) 

identity of the "direct" and ''indirect" reactine; pi1.9nen-b~3, 

gained during the middle 1950's by chromatographic techniques 

(Cole & I,a the, 1953; Cole, La the & Billing, 1954; Billing 

& Le.the, 1956: Talafant, 1956; Schmid, 1956, 1957; Schmid, 

Hammaker & Axelrod, 1957; Arias & London, 1957; 

Schachter, 1957; Billins & Lathe, 1958)o 

The ,.direct" reacting fraction was shown by 

both the Cole-Lathe-Billing group in England and Schmid 

and his group in the United States to consist of two 

components which were named pigment I and pigment II, the 

formation of which was mediated by an enzyme, glucuronyl 

transferase, derived from the endoplasmic reticulum of 

the hepatic polygonal cellao This enzyme ca·talysed the 

transfer of the glucuronide radical from uridine diphosphate 

glucuronic acid to various receptors,, in this case bilirubin. 

These glucuronides were shown to be readily soluble in water 

and the forms as secreted from the liver cells into the bile 

canaliculi. It was thus suggested that the basis of 

"direct" and '1indirec t" reactions was simply a matter of 

the solubilities of the ester glucuronides and of "freeu 

or unconjugated bilirubin in water and alcohol respectively. 
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While pigment II was certainly the diglucuronide 

the original pigruent I of Lathe and his group was subse­

quently found not to be a monoglucuronide as had been reported 

but that pigment I after elution and rechromatographing 

yielded a mixture of bili:rubin and bilirubin diglucuronide 

(Lathe, 1965)o This problem has been t~e subject of a 

considerable amount of research, also by other groups, and 

it does not seem to have been finally settled. The alkali 

lability of the diglucuronide could provide the clue to 

the identity of pigment I (Lathe, 1965)~ 

In human medicine the main interest in the van den 

Bergh diazo test has for the greater part of half a century 

been centred on its use to distinguish between "medical" 

or hevat(:>cellular and "surgical" or obstructive forms of 

jaundice. 

Watson (1956), working on the basis of the ratio 

between conjugated and total serum bilirubin, suggested 

that "low bilirubin ratios in cases of elevated total serum 

bilirubin are indicative of retention jaundice of various 

degrees. The lowe·at ratios (less than 20 per cent) are 

characteristic of haemolytic disease or constitutional 

heyatic dysfunction of the Gilbert type. While the majority 

of patients with jaundice due to parenchymal liver disease 

have bilirubin ratios in the same general range as found 

in cases of biliary obstruction (45 per cent to 80 per cent) 
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there is a significant segment of cases with diffuse liver 

disease in which ratios below 40 per cent are encountered. 

In the range of 35 to 40 per cent there is a small likelihood 

of confusion with biliary obstruction, and below 35 per cent 

almost none." Other views have however, been expressed•on 

this issue (Hof.fbauer, Ramee & Meinert, 1949; Klatskin & 

Drill, 1950; Zieve, Hill, Hanson, Falcone & Watson, 1951; 

Chapman 1 Johnson & Karl, 1960). These authors regard this 

determination as being of little value except in differentia­

t.ing haemolytic jaundice from other types of icterus. 

The truth seems to lie somewhere between the two 

viewpoints, certainly as far as typical or early cases are 

concerned. It is clear that the test has limitationso 

These arise from the fact that in unrelieved extrahepatic 

obstruction the hepatic cells and bile ducts inevitably and 

eventually become involved, so that shortly after the early 

phase a "mixed" or equivocal picture would be preaentedo 

On the other hand, in severe cases of hepatocellular damage, 

the excretory function of parenchymal cells may be inter­

fered with to such an extent that the picture of choleatasis 

may well supervene. This lesion·would be a biochemical one 
I 

I 

entirely, involving the transfer of bile from liver c1ells 

into the bile ducts. 

For the purpose of the present study it was evident 

that the differentiation between bilirubin and its glucuronide 

conjugates oould provide information of considerable interest, 

for the reason that the disease starts with haemolysis, 
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frequP.ntly on a massive scale, progressing to anoxic liver 

daruage. The pict>J.re presented would not be confused by any 

extrahepatic element. It could be anticipated that the test 

woulj reveal the extent and t.Lme of development of cellular 

damage und tha·t the trends would be clarified by the figures 

o btain·Jd o 
I 

5.2.2 Materials and Methods 

Specimens were collected frosn some 96 f:ield cases of 

babesiosis and the plasma total and conjugated bilirubin 

estimated by the classical diazo procedure of Malloy & 

Evelyn (1937), slightly modified. Unconjugated bilirubin 

was calculated by difference between total and direct­

reacting (one-minute) conjugated bilirubin. The results 

were allocated into three groups representing the three 

clinical categories and the findines plotted graphically 

as a scatter diagram. The percentages of total bilirubin 

represented in the individual cases by conjugated bilirubin 

were similarly plotted. For this latter purpose cases with 

0.3 mg/100 ml or less of total bilirubin were left out of 

account since percentages were far too inaccurate at the 

portion of the colorimeter scaleinvolved. The differences 

between categories were evaluated statistically by analysis 

of variance (variance ratio "F" method). 
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Results 

The scatter diagrams are presented in Fig. 5o5.3. 

The great majority of the 28 Category I cases had values 

of l mg/100 ml or less for total bilirubino The exceptions, 

containing 1.6, loB, 2.7 and 2.95 mg/100 ml would represent 

borderline cases, with appreciable liver damage already 

present. The conjugated bilirubin percentages were with 

one exception less than 50. In Category II cases, 42 in 

number, almost half had levels of 1 mg/100 ml or less 

with a similar number between 1 and 5 mg/100 ml. Only two 

were higher than 5 mg/100 ml. Approximately 83 per cent 

of these revealed conjugate percentages of 50 or less. 

Category III showed very great scatter of total bilirubin 

values, ranging anywhere from 1.4 to 37.8 mg/100 ml. 25 

of the 32 percentages conjugated were in excess of 50 

representing only about 22 per cent of the cases in this 

category with some (albeit little) excess of the unconjugated 

over the conjugated moietyo 

On statistical evaluation it was found that the 

mean values for total bilirubin (with S.D.) were respectively 

0.70 (~ 0.08), 2.15 <± 2.2) and 12.60 <± 9.7) mg/100 ml. 

The overall rise was highly significant at P = 0.001 (See 

Table 5.5.3). The difference was less significant between 

Category I and II (only just missing P = 0.001) than 

between Category II and III where it was very highly 

significant at this level of probability. 
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Pig. 5· :-_: · 3· SCATTER DIAGRAMS INDICATING THE SPREAD OF VALUES 
FOR TOTAL BILIRUBIN AND FOR TIC~ PERCENTAGE OF BILIRUBIN IN 

CONJOOATED FORM IN TIL~ THIL..~ CATEGORIES OF BABESIOSIS 
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Similar examination of the conjugate percentages 

revealed means of 15.9 C± 20o2), 33o8 (:t_ 22o3) and 60.2 

(± 11.8). These differences were highly significant 

(overall) and between Category II and III at P = 0.001 

and between Category I and II at P = OoOl. The statistical 

data are also presented in Table 5. 5. J. 

TABLE 5. 5. 3. STATISTICAL DATA 

ANAlJYSIS OF VARIANCE "lt," RATIO 

TOTAL PLASMA BILIRUBIN 

Categories 
Compared ''F" 

Degrees 
Freedom 

of Probability 

I - II - III 

I - II 

II - III 

I - II - III 

+ - II 

II - III 

I 

42.6 :nF1 2 Dlt, 99 P <.OoOOl 

' 
2 

' llo08fDF1 1 DF 68 0.001 ( p (0.01 
' 

2 

' ' t 
45.70;DF1 1 DF2 72 p (0.001 

' ' 

PRECENTAGE BILIRUBIN CONJUGATED 

' ' p < 0.001 39.9 D~, 2 Dlt, 93: 1 2 I 

• 10.16 DF1 1 DF
2 62' 0.001 ( P<..0.01 

' ' ' ' ' 37.21 DF1 1 DF1 70: P<. O. 001 

' 

:signifi-
I canoe I 

' :High 
I 

' :Mode-
:rate 
' I 
:very 
:high 

High 

Mode-
rate 

High 

106/oooo 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



Di E.lcussion 

The pe ttern of development of liver invcJ.ven1ent 

in babesiosis is again shown up by these f:igures. In 

(106) 

t.t.e first category cases n1os t of the bilirubin present was 

uncon~!ugc:4 ted and resulted from haexuolysis above physiological 

levelso A few cases which wer-e regarded as borderline 

already showed some evidence of liver damageo 

Category IT 11resented a mixture of slight to 

moderately increased total bilirubin values witb the 

unconjugated fraction still jn a predomir1ant ! .. osition, 

sugcesting haen1olysis as the major source of the pigwent. 

In the reruainder the moderate inr.rease ir1 hepatocellular 

involvement \\as suggested by the more than 50 per cent levels 

for conjugated bilirubin. 

There was a greater swing to the hepatitic range 

of .values in the Category III cases with the great majority 

of conjugate percentages above 50o Total bilii~bin was 

generally of a much higher order and some values so high 

as to suggest a biochemical cholestatic lesion. In these 

the conjugated fraction was very high. 

Froru this series and from experience of this procedure 

over many years it has become clear that in ~canis infection 

clinical jaundice is never seen unless the liver cells are 

fairly heavily involved in the disease syndrome. No matter 

how peracute the disease no such thing as clinical jaundice 

from pure haemolysis has ever been found. In the more or 

less purely "haemolytic'' stage of Category I the to tal 

bilirubin values are practically invariably of a low order 
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as compared with those in which liver damage is evident. 

In no case of this disease has "free" bilj r·ubin 

ever been found to rise to anything like the levels found 

in cases of human neonatal jaundice with kernicterus, regardless 

of the peracuteness of the disease or the degree of hae~'olysis. 

In these severe cases there is often a severe "spil1ine" 

of haemoglobin in to the urj ne, but never j c terus \Jn1ess 

Lhe liver is already extensively involved~ 

Lettow (1962) in an extensive ~tudy of the diagnosis 

of liver disease in dogs, reviewed the literature in connection 

with a !JureJ y "haenlolytic" icterus and quoted findines 

indicating that such an icterus, without involventent of 

liver cells, did not exist in dogs. He further found that 

in these animals hyperbilirubinaen1ia was not regularly 

present in liver disease but that if it~ it could be 
-

regarded as very significant. 

The question of bile pigments in plasma end ur:iue 

in malaria has been discussed at length by Maegraith (1948). 

In this disease too he found that bilirubin detern1ina tion 

supported the general conclusion that liver involvement 

occurred transiently or could be so severe as to dominate 

the clinical picture. Moreover, on the question of whether 

a pure haemolytic jaundice could exist in llian without any 

involvement of the liver, he {i,UOted conflicting views of 

older authors. Some held that jaundice in malaria, unaccom-

panied by bilirubinuria, was nearly al~ays haen1olytic in 

origin, whereas other workers stated categorically that 

there was a hepatic element in all forms of jaundice. 
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The use of enzyme activity determinations since that time 

have helped greatly to clarify some of these pointso 

Gilles, Maegraith & Andrews (1953) and Maegraith, 

Gilles & Devakul (1957) reported on their findings in 

connection with bile piGIDents in babesiosis in a study of 

experjn•entally infected dogs. They estimated plasma bilirv.bin 

in 17 animals. In ten which were severely anae~ic and 

clinically jaundiced bilirubin values were between 2.0 and 

6.0 mg per 100 ml. Seven died, and three were killed in the 

early stages of recovery. Pathological changes were found 

histologically in the livers of all seven that died and of 

one of the killed group" The remaining seven animals which 

had bilirubin ''within norn1al limits'' were all anaemic but 

one, and none showed jaundice. Three of these died from 

the disease and the remainder were killed at various stages 

of recovery. Structural changes were seen in the livers of 

four. 

In summary then it is evident that determination of 

bilirubin, while not capable of detecting very early liver 

damage, is nevertheless a useful means of throwing light 

o,n the progress from the initial haemolysis due to the 

ac ti vi ty of Bo canis thro·ugh to the stage where in some 

instances liver damage is so extensive as to present 

biochemical obstruction at the cellular level. 

(109) 
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INFLU F_;NCE ON SERUM PHOTEINS 

General Considerations 

It has fre,luen tly be en stated that changes in 

electrophoretic _vatterns cannot be regarded as characterls­

tic of or specific for any particular diseaseo ~~rrack & 

H~ch (1949) for instance regarded any changes found inthe 

same light as determination of erythrocyte sedimentation 

rate in that they were "a measure of the clinical state 

of the patient, rather than specific evidence of disease." 

They concluded that the greater precision of electrophoretic 

examination of pathological sera would provide no real advan­

tage over the usual chemical methodso 

Since that time however, there has been a progressive 

improvement in the available methods of electrophoresis. 

1"his has led to some qualification of the extreme view 

expressed above. In a 1952 study of electrophoresis by rueans 

of a modified Tiselius type of apparatus Polson & Malherbe 

found disti:nc t differences be tween serum from norn1al dogs 

and ones suffering from babesiosis, rickettsiosis and 

dis tem_pero These reflected more the response to fornas of 

organic damage occurring in the particular disease than a 

constant picture representing the disease itself in all 

its phases. 

Dimopoullos ('1963) he.s given a comprehensive review 

of the whole situation, discussing, inter alia the origin, 
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composition and significance of the various electrophoretic 

fractions. He remarked that changes in these fractions 

served only to indicate the status of the subject under study 

at the particular time and that any material changes in amount 

or proportion had to be related to specific conditions. He 

however, men-'Gioned some exceptions where abnormal globulins 

appear, such as certain forms of carcinoma in man and plasma 

cell myelomatosis in horses. It has also been found (de 

Villiers, L.S., 1966, Medical School, University of Pretoria: 

personal com.n1unica tion) in a large general hospital that 

with cellulose acetate strip electrophoresis a number of 

clinically unsuspected cases of multiple myeloma in man 

have been revealed in routine specimens sent to the clinical 

labora toryo 

Interpretation of electrophoretic findtn~s is very 

considerably dependent on the particular technique being 

used, and even with the same method standards have to be 

established for the different animals in any particular 

laboratory. 

There is a limited degree of unanimity on changes 

associated with liver pathology. Due to the overriding 

role of the liver in the biosynthesis of plasma albumin there 

is in pathological conditions a fall of the albumin concen­

trationo This has been generally observed. Zollner, Eymer 

& Scheid (1950), Grou.lade & Groulade (1953) and de Wael & 

Theunisaen (1954) according to Dimopoulloe (1963) represent 

authors who consider low albumin and elevated beta-
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globulins to be characteristic of liver diseaseo Nagel 

& Katz (1963) however found beta-globulins to be consistently 

low in severe hepatitis in mano Their further findings were 

that alpha-1-globulins did not vary ldienificantly and that 

alpha-2-globulin8 were low in severe acute hepatitiao 

.Gamma-globulins were elevated in both mild and severe caseso 

1'ella & Maegraith in 1965(b) reported on serum 

protein changes in monkeys with P~ knowlesi malaria, mice 

with Po berghei malaria, and puppies with induced babesiosis. 

The canine patients were generally dead in five days and 

numbered about six. In this series the authors found a 

drop of serum proteins, notably in the albumin fraction, 

with little change in the globulin level. Electrophoretically 

however, alpha-1, alpha-2 and gamma were all increased 

while beta-globulin remained unchanged. 

The present study was designed to investigate the 

effect of babesiosis on the total protein and the individual 

electrophoretic fractions during the course of the disease 

in a larger sample of field cases. 

Materia•and Methods 

Sera were collected from 117 dogs for the purpose 

of this study. Of these, 37 were "normal", mostly young 

bitches, considered to be healthy and on the point of being 

oophorectomized. The remainder were diagnosed cases of 

babesiosis on presentation by the owners and were divided 
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into the three not very clearly demarcated clinical 
categories (Category I: 34, Category II: 27, Category III: 19). 

The total serutl r)rotein VIas estimated by means of 

Weichselbaum's (1946) biuret method. Fractionation was 
carried out on cellulose acetate strips in the Beckman Microzone 

Electrophoresis System. The samples of 0.25 ;ul of serum were 
subjected to a 250 volt current (3.5 - 5.8 m a) for 20 minutes 

in a pH 8.6 barbital buffer solution of 0.075 ionic strength 

and staining was done with Beckman Fixative Dye Solution based 

on Ponceau s. Scanning by means of a Spinco :Model RB Analytrol 

with a Microzone scanning attachment completed a very satis­
factory procedure giving highly reproducible results. 

For statistical analysis of the results Snedecor's 
variance ratio nF" was employed. The probability levels were 

as indicated in the discussion of results. 

5.6.3 Results 

It was found at an early stage that a significant 
proportion of serum specimens was haemolysed due no doubt to 

the marked mechanical fragility of canine red cells. It 
was found that the haemoglobin complex migrated with the 
beta-globulin fraction during electrophoresis. For this 
reason it was decided to work on~y with absolute values 
(rather than with percentage composition) and to omit any 
consideration of beta-globulin. 

Table 5.6.3.1 summarizes mean values found in 
"normal" animals a.nd in the three clinical categories, and 
Fig. 5.6.3. graphically illustrates the distribution of 

values found. Statistical data are given in Table 5.6.3.2. 
The category of "normal" animals is designated for abbre­
viation as Cat. 0. 
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TA3LE 5.6.3.2 STATISTICAL DATA FOR SERUM PROTEINS 
ANALYSIS OF VARIANCE "F" RATIO 

TOTAL SERUM PROTEIN 

Categories "F n 
: Degrees of Probability 
' Fre'edom 
' 

0-I-II-III • 1.02:DF1 3 DF2 1lil p > 0.05 
' t I 
I ' ' 0 - III t l.92:DF1 1 DF2 541 P> 0.05 
' I • I 

SERUM ALBUMIN 

0-I-II-III 44.45 DF1 3 DF2 113: P<., 0,001 
' ' 0 - I 42.18 DF1 1 DF2 69, P<. 0.001 
' t I - II 7. 35 DF1 1 DF2 59~ o. 001 ~ p .(. 0. 01 
f 
I 

II - III 2.0 ,DF1 1 DF2 44: P)' 0.05 
' ' 

ALPHA-1-GLOBULIN 

0-I-II-III e 2.0 iDF1 3 DF2 113! p > 0.05 
' ' ' t ' t t ' 

ALPHA-2-GLOBULIN 

0-I-II-III 9.191DF1 3 DF2 113 P<. 0.001 
' ' 0 - I 3.33:DF1 1 DF2 69 P> 0.05 
' ! 

' I - II 7.43:DF1 1 DF2 59 0.001 i... p <-. o. 01 
t 
I 

II - III 3.22zDF1 1 DF1 44 p > 0.05 

GAMMA-GLOBULIN 

0-I-II-III :17.42 DF1 3 DF2 113: p <. 0.001 
' I 
r ' 0 - I :23.48 DF1 1 DF2 69: P( 0.001 
' ' I ' I - II I 6.78 DF1 1 DF2 591 0.01 < p .( 0.05 ' ' ' ' ' II - III t 0.95 DF1 1 DF2 44: p )' 0.05 
' ' ' I ' 

(113) 

:signifi-
' cance 
' 
;None 
• ' ·I None 
• 

tHigh 
' ' I High 
' ' :Moderate 
' ' :None 
' 

:None 
' ' I 

I High 
I 

' I None 
' ' ;Moderate 
' ' I None 
' 

High 

Hfgh 

Poor 

,None 
' I 
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TABLE 5.6.3.1 MEA~I (,!. S.D.) 

SERUM PROTEIN FRACTIONS IN BABESIOSIS (gm/100 m1) 

.-- - r - · - --- -t - t 1 

t • t ' ' : TSP : Albumin :Alpha-1-globulin :Alpha-2-globulin : 
t t t I t 
I I I __ I -- - --- • t ------~--- ---·--- ----- -, 
t I t t t 

"Normals" : 6.90 + o.Bo: 3.54 + 0.50: 0.32 + 0.01 : 0.67 + 0.23 ; 
I - I - I - I - t 
f_ ---· - --- I - - ---- _I_ ---- -· - - .. _ ____._ _____ . ------ _ _______I 
~----- T--- -------- ,- -- -- ---r---- I 
I t t t I 

Cat • I : 6 • 8 9 + 1. 7 7: 2 • 58 + 0 • 7 2: 0 • 3 6 + 0 • 0 7 : 0 • 54 + 0 • 34 : 
I - t - t - t - I 
I I I _ I I 
f -- ----·--· - ---· ---- ·---.- -- -----------.---- -- ' 
' t t t t 

Cat • I I : 7. 01 + 1. 38 : 2 .16 + 0. 4 3: 0. 31 + 0 • 09 : 0. 3 5 + 0 .14 : 
t - t - t - t - I 
f__ -· -·-- .I I t I .---- -----.-- -·--~ ------ ' 
t t t t ' 

Cat. III : 6.42 + 1.59: 1.95 + 0.57: 0.31 + 0.09 : 0.44 + 0.22 : 
I - I - t - I - t 
I t I I I 

Gam.Ir'~-glo bul in 

0.66 .!: 0.35 

1.34 .:!:. 0.77 

1.93 .! 1.02 

-
1.88 .! 1.04 

,-... 
~ 
~ 
V1 ......., 
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Total serum protein. The scatter of high values 

represent mostly haemolysed sera so that nll the means are 

probably somewhat on the high side. All categories are however 

similarly affected so that for the present purpose and with the 

use of only absolute fractional values this is not important. 

The ovErall analysis of variance for total serum 

protein showed that there were no significant changes and 

that the null hypothesis could not be rejected. The lowest 

individual figures were found in Category III but they did not 

significantly affect the mean. 

Serum albumin. There was a progressive fall of 

mean albumin values during the progress of the disease, 

This was highly si{~nificB.nt at the level of P = 0.001. The 

fall from the "normal" group to Category I was significant at 

the same level, that from Category I to Category II at P = 0.01, 

while there was no significent difference between Category II 

and Category III. The decrease in the albumin fraction was 

thus clearly an early event in the course of the disease. 

Alpha.-1-globulin. There was no significant deviat-ion 

from normal in this fraction. 

Alpha-2-globulin. An overall decrease in this fraction 

was statistically significant at the proba.bility level of .0.001. 

Between the "normals" and Category I there was as yet no 

significant dif.ference, but between Category I and Category II 

a fall was statistically significant 
1
at the P = 0.01 level. 

From Category II to Category III there was a small but not 

significant rise. 
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This change thus coincided with the development 

of severe anaemia. 

(117) 

Gamma-globulin. Statistically there was a highly 

si&rnificant overall rj se of ganlilla•·globulin at P = O. 001 and 

particularly between ttnoi'Ihals" and Cat. Io Between Cato 

I ann Cat. II the dj.fference was less significant (only n t the 

P = Oo05 level) und b~tween Cat. II and Cat. Ill not at all. 

The rise in garu.ma-globulin was therefore an early 

event in babesiosis. 

Disc'IJBsion 

The results obtained in this study in which extensive 

progressive involveruent of the liver has been demonstrated, 

prov.Ue an interes·ting cullJparison with the findings of Nagel 

& Katz (1963) in their investigatiorl of electrophoretic 

changes in benign as against severe cases of acute hepatitis 

in man. T'nei r to tal serum proteins showed an iDanedia te 

fall in both categories while in babesiosis the figure did 

not vary significantlyo This was due clearly to a balancing­

out between the albumin and gamiDa-globulin moieties in 

this disease, as may be seen froru the figures in Table 

5o6oJ.le 

As was the case in Nagel & Katz's series, there was 

in babesiosis an early drop in albumin and an equally early 

rise in gamma-globulin, with this pattern well established 

from Cat. II cases onwardo The appearance of icten1a did not 

affect the issueo 
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Maegraith, Gilles & Devakul reported on this point 

in 1957, when a small series of six dogs artificially 

infected with babesiosis they found a marked fall of total 

serum protein only in one instance. 

From these findings it seems evident that the 

biosynthetlc activity of the liver in the wanufacture of 

albumin is prejudiced at an early stage of babesiosis and 

soon stabilizes at a lower level. 

Elevation of gamma-globulin in hepatic disease is 

less easily explained. It is probably no.t due entirely to 

antibodj formationo Popper & Schaffner (1957) state that 

gamma-globulin is not formed by hepatic cells but by 

mesenchymal elements such as plasma cells and reticulo­

endothelial cells. The Kupffer cells in the sinusoide 

and mesenc1hymal cells in the portal tracts possibly 

synthesize it, as well as infiltrating histiocytes and 

plasma cells. Elevation of gamma-globulin in hepatic 

disorders can be related to stimulation and mobilization of these 

cell types. These authors also suggest that amino-acids, 

not being used by the dalliaged liver for alpumin synthesis, 

become available for gamma-globulin formation. This may 

explain the reciprocal behaviour between albumin and gamma­

globulin, as is clearly seen in the present study. 

The Nagel & Katz series showed a rise of alpha-1-

globulin in the benign cases of hepatitis, returning to 

within the normal range in the severe cases, while in 

babesiosis no significant change was noted. According to 

them the literature on this subject is controversial, 
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with different authors givint; high, norntal or low figureso 

Ceruloplasn1in is known to r:i. se in acute hepatitis 

but the q_uantitative contribution of this subBtance to the 

level of alpha-2-globulin is not important. Haptoglobin, 

one of its main components, has been found to be very low 

in the serum of h. epa tee tomi zed ani.mals ( Drapanas, Kluge, 

Schenk, Schreiber & Stewarts, 1960) as Nr.t gel & Katz ulso 

found in their severe cases of hepatitis. The latter 

authors even concluded that low values, below 0.30 gm;lOO 

ml, bore "grave prognostic significance". In babesiosis 

there was a distinct overall fall in alpha-2-globulin, 

notably between Category I and Category II, which was 

stabilized between Category II and Category Illo This 

was probably due to the counterbalancing effect of the 

increasing incidence of nephritis in the later stages of 

the diseaseo It has been found in the course of another 

investigation that there is a ~ of alpha-2-globulin 

in uraemia in dogs. These two lesions evidently tend to 

compensate for each other in Category III. 
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Malariao It has been generally agreed for 

nearly four decades that in malaria there is, at least during 

some phases, a lowering of albumin concentration with coinci­

dent rise in globulins. Maegraith (1948) reviewed the 

considerable amount of literature on this subject up to 

that time. The most recent review found is that of Sadun, 

Williams & Martin (1966) in which the results of electrophoretic 

fractionation of serum proteins in human and animal 

malarias were examined. These showed some discrepancies 

and irregularities, particularly in respect of the al.pha-

and beta-globulins but albumin was regularly decreased 

and gamma-globulin increasedo 

A brief summary of their findings in two classes 

of humans (American Military personnel and civilians in 

Thailand), and those of the present study is given in 

Table 5 o 6 o 4 • 
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TABLE 5.6o4 SUMMARY 0.£4' SEHUM PROTEIN 

CHANGES IN HUMAN MALARIA (P. FALCIPARUM) 

AND CANINE BAB};SIOSIS (B. CANIS) 

Test 

TSP 

Albumin 

Alpha-1 

.AJPla.-2 

Beta 

Ga.ruma 

:Iuman Malarj a 

u.s. lvltlit.ary 
.Personn0l 

Decreased 

Decreased 

Unchanged 

Decreased 

Increased 

Increased 

Thai 
civilians 

Increased 

Decreased 

Increased 

Unchanged 

Unchanged 

Increased 

(121) 

Canine babesiosis 

Unchanged 

lJecreased 

Unchanged 

Decreased 

Increased 

Note: Statistically not significant changes given 

as ''unchanged" 

Table 5.6.4 shows the substantial degree of agreement 

between the findings in these two similar diseases, reflecting 

in the main the reSJlOnse of the various serum frac tiona to 

involvement of the liver, con~on to both. 
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INFLUENCE ON PROTHROMBIN TIYili 

General Considerations 

Prothrombin is a protein constituent of blood 

plasma and is escential to the ~rocess of clottingo It 

is synthesized by the liver c_,_nd requires the availability 

of the fat soluble vitamin Ko It follows that its forn1a tion 

is dependent on both adequate liver function and the 

absorption from the ineesta of vitamjn K and that a 

deficiency could result from hepa tc.ce 1:.1 ulor damage or a 

lack of bile salts to emulsify the vit::unin K containing 

fats in the intestinal contents. 

There appears to ba o. fairly vvide margin of 

safety in the prothrombin factor so that -the coagulation 

time as measured by usual methods may remain within normal 

limi tB until more than 80 per cent of the blood prot:1rombin 

is lost. 

For clinical purposes, since there is no direct 
I 

method of assaying prothrombin quantitatively, it is 

convenient to determine the "prothrolil-bin t.i.me" under rigidly 

controlled conditions. This gives very satisfactorily 

reproducible results, unlike determinations like "bleeding 

time" and "coagulation time" where too many factors can 

influence the result obtainedo 

Interest in estimation of prothrombin time in this 

study of babeaiosis arose from two considerations:-
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(a) the frequently observed phenomenon of 

continued bleeding of Stomoxys calcitrans (stable 

fly) bites on the ears of dogs ill for some time, 

and 

(b) as a liver function test bearing in mind 

the great functional reserve of this organ. Norll!al 

values are obtained in a considerable number of 

patients with some degree of hepatocellular damageo 

Ma teriaJs and 1\le thad s 

(123) 

Suitable oxalated specimens were collected from 

71 dogs in the three clinical categories. The method of 

determination was the one stage prothrombin time test of 

Quick, Stanley-Brown & Bancroft (1935). In this procedure 

calcium is removed quantitatively with potassium oxalate, 

and the plasma added to a suspension of thrombokinase and 

calcium (Geigy)o The whole process·is carried out at 

exactly 37°C (waterbath) and the time taken from the 

addition of plasma till it coagulates measured by stop 

watch. The quantities used are standardized with the 

exception of the thromboplastin (thrombokinase) which 

is in excesso 

The prothrombin times for the three categories 

were evaluated statistically as before. 
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Results 

The scatter of values obtained is presented 

graphically in FigQ 5.7o3• Mean values (with standard 

deviations) wer·e res1;ectively 16o9 ± 5o4, 20.05 ±. 4.3, 

(1?.4) 

and 24.59 :t. 6o7 seconds. There was an overall progressive 

increase in prothrombin time, significant at the P = 0.001 

levelo 

3TATISTIGAL DATA 

ANALYSIS OF VARIANCE: "F" RATIO 

PHO'I'HHOMBIN TIME 

I 

Categories "F" Degrees of Probability : Signifi-
14'reedom ' oance ' ' 

I - II - III 10.4 DF1 2 DF2 68 P ( OoOOl High 

I - II 5.1 D? 1 1 DF2 46 0.01 < p ( 0.05 Poor 

II - III 9.24 DF1 1 DF2 52: 0.001 <. P < o.o1 Mode-
' rate I 
I 

Category II values were higher than those of Category 

I at the level of P = 0.05 while Category III values were 

more significantly (P = 0.01) increased over Category II. 

The statistical data are given in Table 5o7.3. 

With few ex0eptions the Category I values were within 

the normal range found by the method used. 

In several icteric dogs followed serially after 

specific treatment at intervals of two or three days it was 
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Fig. 5o7o3 THE SCATTER OF PROTHHOMBIN TIME 

VALUES IN THE THREE CATEGORir~S OF BABESIOSIS 
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found thut initially high values drop_ped rapidly to normal 

even though icterus had not completely faded. 

The highest prothrombin time v.as 45 secondso 

5o7o4 Discussion 

The results obtained confirm that prothrombin time 

determination is not a very good liver function test in that 

it is·relatively insensitiveo Higher than normal values 

do however indicate liver pathology in this series since 

hepatocellular disease was the only likely reason for higher 

values. 

This insensitivity appears to apply particularly 

to dogso Drill & Ivy (1944) found it to be of a lower 

order of sensitivity, and thus less reliable, than alkaline 

phosphatase or br-omsulphalein retention in detecting liver 

damage produced by carbon tetrachlorideo They quoted work 

indicating that since the conversion rate of prothrombin 

was faster in dogs than in man this would compensate to 

some extent for a deficiency of prothrombino 

This and other studies of the effect of hepatocellular 

disease on prothrombin time have been reviewed briefly by 

Hoe (1960) ~nd by Cornelius (1963) and have been assessed 
I 

on the basis of poisoninB by various hepatotoxic substances. 

In regard to babesiosis only passing reference has been made 

previously by Malherbe ~ Parkin (195l)o 

The fact that an appreciable incidence of delayed 

clotting has been demonstrated in the present investigation 
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tends support to the idea that prolonged bleeding from 

insect bites on the ears of some affected dogs is due to 

a deficiency of "prothrombin"g 

In malaria prothrombin time has received little 

interest. Maegraith (1948) mentioned the findings of 

Fredricks & Hoffbauer (1945) and of Diggs (1945) that 

"no appreciable variations in prothrombin concentration 

have been recorded durine malaria." J:l'inally, the 

biochemical studies of Sadun, Williams & Martin (1966) 

did not include this as a measure of liver function. 
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INFLUENCE ON CHOLESTEROL 

General Considerations 

A tten1pts have been made for over a century to make 

use of cholesterol levels in the blood in order to 

differentiate betvveen the var:ious types of icterus (lt,lint, 

1862). The e:ynthesis of cholesterol takes place for the 

greater _part ln the liver, ot!1er tissues such as the adrenal 

cortex, skin, intestine and the aorta also having some 

potentiality in this respect, though to a much smaller 

extent. The liver is however, concerned with the esteri­

fication of cholesterol (with fatty acids), and with 

oxidation and excretion. 

In obstructive jaundice there is generally an 

increase of total cholesterol, without, as a rule, any 

change in the percentage of esters. Esterification is 

however depressed in hepatocellular disease, and in man 

Harper (1961) states, the total cholesterol may remain u~­

changed or even slightly reduced. Generally however, in 

dogs certainly, a degree of increase has been noted, 

possibly as a result of an element of obstruction at the 

cellular level. 

Hoe & Harvey (1961) have given normal total cholesterol 

values as 186 ± 13.9 (range 110 - 286) for kennel dogs and 

258 ± 36.3 (range 110 - 470) for domestic pets, but these 

figures seem to be rather high for entirely normal dogs9 

High blood cholesterol figures also oocur in other diseases 
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such as hypothyroidism, diabetes mellitus and advanced 

nephrosis which fact must be taken into consideration 

(129) 

where such figures are found. Relative hypothyroidism is 

quite usual in obese domestic pets so that these could easily 

extend the range upwardso 

The esterified cholesterol percentage is given by 

Hoe & Harvey (1961) as 65 ± 12 for kennel dogs and 62 .±. 3 

for household rets which conforms quite well with usually 

accepted figures. 

As a liver function test this is subject to limitations. 

Hoe & Harvey have stated that it has a certain value in the 

diagnosis of liver dysfunction. Any dog with a normal total 

cholesterol and normal eater ratio would be unlikely to be 

suffering from any condition with liver involvement but, on 

the other hand, normal total cholesterol coupled with low 

ester ratio did not in their series necessarily indicate 

liver pathology. Apart from these there are also the 

metabolic and dietetic factors previously mentioned to 

be considered. 

In the prese1:1 t study the effect of the infection on 

total plasma cholesterol in the three clinical categories 

was investigated. In a smaller series the percentage of 

esterification was also determined. As these cases were 

mostly young dogs the question of metabolic changes and 

biliary obstruction did not enter into consideration. 

Rises of total plasma cholesterol and the effect on esteri­

fication could thus be taken to reflect the progress of 

liver involvement in the disease in practically all caseso 
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:MateriaJs and Methods 

For the present study determination of total plasma 

cholesterol was carried out on 75 infected dogs while ester 

percentages were estimated in 46 of these. Plasma was treat­

ed with aldehyde-free glacial acetic acid and the cholesterol 

in it determj.ned by means of a modified L:iebermann-Burchard 

reaction. This comprises the production of a red colour 

when acetic acid solutions of certain sterols, including 

cholesterol, are treated with ferric chloride and sulphuric 

acid (Zlat·kis, Zak & Boyle, 1953)o The further .Procedure 

was that of Macintyre and Ralston (1954) as set out by King 

& Wootton (1956)o For fractionation of free and eater 

cholesterol all the cholesterol was extracted with a 

mixture of acetone and alcohol. Free cholesterol was 

quantitatively precipitated out of this extract with digitonin, 
i 

the esters remaining in solution, and the digitonin precipitate 

was used to determine free cholesterole The quantity of 

esters was derived by differenceo 

Statistical evaluation was by means of variance ratio 

"F" o 

5.8.3 Results 

The scatter of results is shown graphically in 

Fig. 5.8.3. The 1.ueans (with standard deviations) for the 

three categories were respectively 189.6 + 37.8, 226.5 + - -
56.7 and 260.9 ~ 89.3 mg/100 ml for total cholesterol. 
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FIG. 5.8.3. SCATTER GRAPHS INDICATING THE riSTRIBUTION OF VALUES FOR TOTAL 

PLASMA CHOLESTEROL ANT THE PERCENTAGE ESTERIFIED IN THE THREE 

CATEGORIES Ol BABESIOSI.S 
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The overall progressive upward trend was very nearly 

significant at the P = 0.001 level but highly so at P = 0.01. 

Analysis of variance between Category I and Category II showed 

a rise which was significant at P = O.Olo Between Cate5ory 

II and Category II however, although the mean rose, the 

difference was not statistically significant (ctt P = 0.05) 

no doubt on account of the very great scatter of values 

obtained. Statistical data are given in Table 5.8.). 

TABLE 5.8.3 STATISTICAL DATA 

ANALYSIS OF VARIANCE: uF" RATIO 

TOTAL PLASMA CHOLESTEROL 

Categories "F" Degrees of Probability Freedom 

' I - II - III 7.23:DF1 2 DF2 72 0.001 < p < 0.01 

' ' 
I - II 

t 

7.85 :nF1 1 DF2 55 0.001 < p < 0.01 

' II - III 2.78:DF1 1 : DF2 48 P) 0.05 
' ' ' ' 

CHOLESTERQL ESTER PERCENTAGE 
t ' t t 

I - II - III 12.3 :DF1 2 DF2 43; P< OoOOl 
' ' ' I - II 0.42:DF1 l DF2 36: p > 0.05 

t ' ' ' II - III 26.2 :nF1 1 DF2 28: p ( 0.001 
' ' I I 

' : Signifi-
I canoe 
' ' 
Mode-
rate 

Moderate 

NONE 

I 
I 

JHigh 
' t 
:NONE 
I 
t 
I High 
t 
I 
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The ester percentages gave means (and standard 

deviation) of 67o3 + 8o9, 65.8 + 5.8 and 52o4 + 7o8 - - -

(133) 

respectively in the three categories. The overall decrease 

was found to be highly significant at P = 0.001 which was 

found to be almost entirely due to the drop between values 

for Category II and those for Category III (highly 

significant at P = O.OOl)o 

5.8.4 Discussion 

The results of this study show that while there is 

an early rise of total cholesterol (between Category I and 

Category II) this is not maintained on passing from the 

pale to the icteric dogs. The eater percentages, however, 

reveal a different picture in that in Category II they rise 

nearly proportionately with total cholesterol while the advent 

of icterus heralds a severe drop in percentage ester. It is 

clear then that in the icteric dogs there is well established 

liver damage evidenced by defective esterification of 

cholesterol in the livero 

No other studies on cholesterol and its esters in 

babesiosis have been found in the literature. Maegraith 

(1948) has however, reviewed the findings in malaria of a 

number of authors usually on only a few patients. From these 

it is clear that while there is no regularity about the total 

cholesterol level the fall in eater percentage is quite a 

usual finding in cases where the liver is involvedo 
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Looking at he_pa toe ellulHr damage, per ee, from any 

cause Cantarow & Trum~er (1962) conclude that hypercho1esterol­

aemia occasionally occurs in yatients with mild acute 

hepa ti tia and cirrhosis but rnuch less freliUently than in 

obstructive jaundice. When this occurs, the increase is 

usually mainly in the free cholesterol while the ester ratio 

io diminished. In infectious heFatitis for ~nstance, exce~t 

in very severe cases, normal values :for total cholesterol are 

the rule but the !Jroportion of ee·ter~ is fre.1uently reduced. 

In this study there is then general conformity of 

f~ndings in connection with cholesterol metabolism with those 

of hepatitis in general and with those of malaria in man and 

animals. 

135/ ••••• 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



(135) 

INFJ~UENCE ON PLASMA IRON 

5.9 .1 General Considerations 

Ir·on is _l)resent in the body in small amounts but 

is vitally necessary for the formation of haemoglobin and 

of cytochrome and other components of respiratory enzyme 

systems. Very little is lost from the normal animal and the 

intake is closely related to the actual requirements of the 

bodyo Losses can be increased by any loss of blood or haemo­

globin from the body. Whole blood contains about 40 - 60 mg/ 

100 ml of iron while in the plasma the amount is of the order 

of 50 - 180 mcg/100 ml, bound to a beta-globulin as trans-

ferrin. 

Low values for plasma iron may result from continuous 

loss from the body and depletion of the body storeso In 

man, values are high in pernicious anaemia where diminished 

haemoglobin formation is not due to iron deficiency, and 

also in acute hepatitis. The estimation of plasma iron 

has been used in the differential diagnosis of jaundice. 

The cause of this elevation in acute hepatitis is not clear 

but it is attributed to an increased liberation of ferritin 
. 

from damaged hepatic cells. Intravascular haemolysis for 

any reason is associated with high plasma values because of 

the almost thousandfold higher content of iron in the 

haemoglobin spilt into the plasma. 

It seemed likely that since both these latter conditions 

could be present at different times in babesiosis the 
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determination of plasiJla iron would be of limited value as 

a liver function test. A small s·~ri es of de·ceriuina tions 

was done as a random sampling of the type of result to 

expect~ 

Materials and Methods 

Iron was estimated in the plasma of 36 clinical cases 

of babesiosis in the usual three categories. 

The met:1od used was that of King & Wootton \ 19?6) 

in which iron is maintained in the ferrous state with 

ascorbic acid. A pink colour is produced when this reduced 

irQn is treated with 2:2'-dipyridyl and this is compared 

calorimetrically with that produced by suitable iron 

standards. 

Results 

The variance in each of the three categories was so 

large that no statistically valid significance could be 

attached to the small but progressive rise in plasma iron 

mean values. (See Table 5.9.3). These were (with standard 

deviations): 251 ± 100, 291 ± 110 and 302 ± 124 mcg/100 ml. 

This is also clearly evident from the scatter diagram in 

Fig. 5.9.3. 
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FIG. 5. 9. 3 SCATTER DIAGHAM INDICATING THE 

DlSTHIBUTlON OF .PLASi.~A IRON VALUES IN THE THREE 

CATEGORil~S OJ? BABh'SIOSIS. 
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TABL ~~ 5. 9 o 3 3TATISTICPJ.J DATA 

ANALYSIS OP VARIANCE: "F" RATIO 

Categories tl J:t1 " 

I - II - III 

PLASMA IRON 

Degrees of 
~'reed om 

Discussion 

Probability 

p > o. 05 

( 1.38) 

I 
t 

:sienifi-
: cance 
I 

As a liver function test the estimation of plasma 

iron was beset by the hazards of haemoglobinaernia associated 

with babesiosis in the more acute cases and or litore or leas 

"contamination" of plasma with haemoglobin resultint; from 

the fragility of canine erythrocytes (which happens 

frec1uently in perfectly normal blood )o There was thus a very 

wide range of values in each of the three categories and t.he 

test results could thus for this purpose be regarded as 

highly equivocal. V:hile nearly all the Category III values 

were abnormally high and almost half of those of the Category 

I were within the normal range, the scatter in all categories 

was so large as to rob the proced~re of any possibility of 

rejection of the null hypothesis. 

1Jnder these condi tiona the deterwina tion of plasma 

iron was almost predictably valueless as a test of liver 

function. 
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5.10 INFLU~NCE ON PLASMA URIC ACID 

General Considerations 

The detennination of uric acid as a liver function 

test has enjoyed some vogue, although its limitations have 

always been appreciated as arising out of its lack of 

specificity. In the dog, hepatectomy is followed by an 

elevation in the blood and urine uric acido (CorneliuH, 

1963). This is on account of the conversion of uric acid 

to allantoin by the liver in all dogs but the Dalmatiano 

Hoe & Harvey (1961) however, state that the active enzyme, 

uricase, is present in this breed in normal amount 

in the liver and kidneys. They suggest that the excretion of 

the comparatively small amount of allantoin in these animals 

may be ascribed to a lowered renal threshold for uric acid 

with decreased opportunity for oxidation. 

There is some uncertainty about the site of formation 

of uric acid 'in man. Characteristically it is the end point 
I 

of purine catabolism and is derived from nucleic acid or 

nucleoprotein breakdown. T.he probability is that most of it 

is formed in' the bone marrow, possibly also in the muscles, 

and perhaps the liver in man and birds (Cantarow & Trumper, 

1962). From the blood stream it is normally excreted mainly 

by the kidneys into the urine, to a lesser extent into 

digestive fluids, and in small amounts into sweat and urine. 

It is considered on theoretical grounds that increases 

in the concentration in the blood stream are due to one or 

more of the followLng factors: 
140/ •••• 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



( 140) 

(a) overproduction 

(b) decreased destruction 

(c) decreased renal excretion 

Rises are found in haematological diseases such as 

some types of leukaemia, neoplastic disease of the bone 

marrow and polycythaemia, and also in conditions involving 

rapid breakdown of tiosueo These are probably a reflection 

of the greatly increased production of uric acid resulting 
II 

from the enormous increase in the number of short-lived 
~~. \ 

cells. As far as the dog is concerned Cornelius (1963) 

suggests that the rise in liver disease is due mainly to 

the lack of conversion to allantoin. 

Morgan (1959) however cowpared uric acid levels 

with bromsulphalein retention for liver function testing 

and found the latter much more sensitive and reliableo Hoe & 

Harvey (1961) concluded from the study of a large series that 

uric acid was of less value as an index of liver function 

than serum alkaline phosphataseo 

Excretion through the kidneys may be prejudiced by 

any condition of severe renal functional shutdown and some 

very high values are found in the plasma in tenninal stages 

of such conditionso 

Since, as has been shown elsewhere in this work, 

both the liver and kidneys are very much involved in 

babesiosis it was decided to include determination of uric 

acid figures in a limited series of patientsa Moreover there 
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appeared to be no previous record of these in the literature 

of the subjecto 

lYla teriaJs and Methods 

Specimens for this purpose were collected from 71 

dogs and the results evaluated as between the three clinical 

categories. Detenuinations were done on plasma by the 

method of Brown (1945), with modifications from time to timeo 

In this method the phosphotungstic acid reagent was prepared 

by refluxing sodium tungstate with orthophosphoric acid and 

watero For colour development sodium cyanide or sodium cyanide 

plus urea solutions were usedo 

The three categories were evaluated statistically 

by means of variance ratio "F"o 

Results 

Figo 5ol0o3• represents a scatter graph of values 

obtained in thA three categorieso 1~e means (with standard 

deviations) were 0.70 mg/1.00 ml (+ 0.26), lo08 (z.0.59) and 

1.5~ (+ 1.38) for plasma uric acid. 
' -

The overall increase of figures was moderately signifi­

cant at the P = 0.01 level. Analysis of variance between 

Category I and Category II showed a moderately significant 

difference (P = 0.01) while, in spite of a few high figures 

in Category III the difference between Categories II and III 

were not significant at P = 0.05. The data are presented 

in Tab 1 e 5 o 10 o 3 o 
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FIG. 5.10.3 SCATTEH GRAPH INDICATING THE 

DISTRIBUTION uF VALUES FOR PLASMA URIC ACID IN 

THE THREE CATEGOHII~S 0~"' BABESIOSIS 
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TABLE 5.10 3 STATISTICAL DATA 

ANALYSIS OF VARIANCE: "F'' RATIO 

PLASMA URIC ACID 

I 

Categories "F" Degrees of :Pro bv.bili ty : ~3igni fi-
Freedom I canee t 

e 

I 

I - II - III 5.61 DF1 2 DF2 68 0.001 < p ( 0.01 :Moderate 
' • I - II s.oo DF1 1 DF 2 55 0.001 ( p ~ 0.01 :Moderate 
I 
I 

II - III 2.80 DF1 1 DF2 46 P> 0.05 :None 
I 

• 

Diecussion 

When co~pared with other parameters of liver function 

plasma uric acid does not give very definitive results. 

From the scatter graph it can be seen that the majority of 

values fell within normal limits which Bloom (1957) and 

Cornelius (1957) agree to place at between 0.1 and 1 mg/100 

mlo These also conform with our own accepted figureso 

Hoe & Harvey (1961) have shown that severe liver damage may 

be present with no rise in uric acid. They stated that 

while in 100 per cent of their dogs with jaundice there 
I 

was raised serum alkaline phosphatase, only 86 per cent 
I 

showed a raised uric acid. 

To illustrate the findings in the present study the 

abnormally high values are given with other determinations 

done at the same time in Table 5.10.4. From this it will be 
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seen that in some of them the liver was gravely affected but high 

urea nitrogen values were regularly found. On the other hand 

the incidence of liver damage is very much greater than these 

findings would suggest (see the earlier sections). One must 

thus agree with the workers lllentioned in the introduction that 

uric acid determination is not very useful or reliable as a liver 

function test. V,'hile sheddi1:g little or no light on organic 

function in babesiosis the findines are presented for the record" 

TABLE 5.10.4 
HIGH PLAS:tv'iA UHIC ACID VALUES WI ~I.H OTHER 

DETERMINATIONS IN INDIVIDTJAL CASES 

Patient I t t SAP ' PUA t BUN SGP-T BSP I I 

No. I I (K-A) I 
I ' I 

I --- I I 
I ' 8 3/59: 5.6 68.0 436 45.6 I 172 I 
I I 

' I 

1748/63: 3.66 79.1 ' 31.7 I 

' 
1596/63 

f 

2.0 38o 6 105 ' 40.2 

49/58 
t 

2.9 79.0 90o4 ' f 
' 254/64 ' 2.7 49.7 74 15.3: 
I 

t-

157/64: lo33 90.0 118 I 

I 

23.7: 
' 

PUA: Plasma uric acid (mg/100 ml) 

BUN: Blood urea nitrogen (mg/100 ml) 

SGP-T: Serum glutamic pyruvic transaminase 

BSP: Bromsulphalein retention (per cent) 

Tot. ' t Category Br. ' ' I 
10o10 III 

II 

3o4 III 

37.8 I III 
I 
I 
I III I 
I 
I 

0.3 ' I 
' ' 

(King Units) 

SAP: Serum alkaline phosphatase (King-Armsti'ong Units) 

Tbt. Bro: Total Bilirubin in plasma (mg/100 ml) 
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6o THE CLINICAL VAT.HOLOGY OF ~PHf~ KIDNEYS IN 

BA R:~::>I l)::3IS 

In t r.o duct i. o t!_ 

Involvement of tile kidneys dt.J:r"lnc:S the cour~~e of 

babesj_osis was recognizeJ by son1e of the ea.rly o.utnors in 

this f.l elcl from s.in1_ple methodf3 of urine examinu tinn. An 

long ago as 1902 Nocard & r,·.~otas noted the 1)resence of albumin-

url.a at all stage~.:; of the disease and described thH kidneys 

as be~ ng ''congested" at au -co 1)8Yo Graham-Smith i. n a .1905 

study of the n1orbid ana to:11y wen tioned the find.-ing of albtHl!in 

and casts in most of hi.s ca8EH.~. Meyer j:n 191~' referr.-~d t.0 

kidneys ''whiel~. al'P. c]cvld.Jt:~ss I>rir11ariJy affected by J.dro ... 

plasmosis." Uamli.ee of kidney e1Ji the]j_a wi ·th tbe pre~-JE".!IJCe 

of casts and l·,l'otein was further dj scus~ed by J:l,iscl1er ·'~ 

Scheide~ann jn 1~20 and by Contis in 1926# One gains the 

illl!)I'f~ssion that theue ftndj r1gs were of less in tei·es t to most 

author8 than tr;e ob::3erved presence of bile pigruents and 

of haemoglobin. 

Maegraith, Gilles & Deva.k.ul in 1957 gave an ~ccount 

of their studies on pHtholo~ical processes in B. canis 

infections. They used a hj_ghly virulent laboratory stre..in 
.I. 

of the organism and enhanced the severity of infectjou by 

passage through at least one l>UJ?PY before infection of 

their experjmental animals which were of various ages and 

br-eeds. In thj_s way some of their cases became olie;uri c 

or even anuric and they gave blood urea nitroe,en (BUN) 

fie;t~res "collJloonly ranging from 60 to 90 mg ,Per cent'' and 
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i.n one case reaching 290o They stated in connection wjth 

1J.r:Lne exarrd.r"a ti on that pro tej r' was to be found \~~ i thin 24 

hourb of t;he fj r~~l; a.fJ_pearance of _parasites in the blood and 

that it was detectabJe j n •,he ur·i ne i.n progressively 

increasine; quantities. Thj c: w2.s accor;.panied in the J a ter 

stages by evidence of tubul£r damage in the form of granular 

and hyaline casts. In thejr cases they observed low ur:inary 

volume in severe cJ j nical formf~. Olj t,1lrj_a and anuria were 

usually ussocia ted with u;raeJI.i.a and thej.r development was 

inde1)enden t of t.he ap:vearance o1· other'Nise of hneDLoglobino 

One case described by them showed protelrmrj a on the 

second day of overt infection accompanied by granular and 

hyul:i.ne casts on the seventh dayo Oliguria (50 ml of 

urine ir1 2A. hours) developed on the eighth day after jnocula,_ 

tion and there was a cessation of urine flow on the njnth 

and tenth days acco1u1)anied by BUN fi(Jrures of 284 and 214 mg 

per 100 ml res_pec ti vely. On the following day urine flow 

returned to within normal limits (750 - 900 ml ~er day) and 

showed protein, some casts and a specific gravity (SG) of 

1005. Five days after re-establishment of urine flow the 

BUN Vias 100 mg per 100 mlo 

Some fuln ina tirtg exl)eriu,ental cases in puppies 

showed an irree;t~le.r degree of renal failure (although kidney 

involverl1ent 'Aas to be seen on urj ne examination) presumably 

because the anin•als did not live long enough. 

During the course of the _present study urine srJeci­

mens were collected where it was feasible under the circum­

stances of presentation of the sick animals, and at other 
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tinJes from hospitalized cases. BUN was determined more 

regularly as one of the battery of tests ~:~.nd the results 

assessed as between the arbitrary three clinical categorieso 

6.2 Urine Exru.ui.nu tion 

Urine examination showed the variability that one 

could expect. Proteinurja was found to be usual and in fact 

present in all cases brought in as sick animals. 'rhe 

Jeeree, however, was variable and di,d not show any particular 

pattern of severjty in relation to nitrogen retention, the 

duration of the morbidity before samvlj_ng or to the degree of 

he1Ja tic involvement. ·Many hund.reds of urine Sl)ecimens have 

been examined at all sta~es of the disease and serve to 

confjrm this view. Table 6o2 gives a random sample of results 

of urine examiuations in a few cases on presentationo 

Early evidence of ne.phri tic damage could generally 

be found in the first category usually in the combination 

of S.G. tending to be hic;h, casts being rare and renal tubular 

epithelial cells ( RTg) being present in the centz·ifuged 

deposit. 

In the very anaemic (but not icteric) group the SG 

was variable and cast.J and RTE cells were wore regularly 

deruonstrated, while in the icteric group frank acute or 

subacute interstitial nephritis was shown to be present 

in all cases. 

From analysis of urine thus it is clear that the 

kidneys are involved to an extent which generally tends to be 
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TABLE 6.2 URINE FINDINGS Ill A SAMPLING FROM THE THREE CLINICAL CATIDORIES 

CATIDORT I 
• ' ' I ' ' ' I 

L~b. No.: Age Sex t Breed I SG • pH I Prot. t Bilir. : RTE ' Casts ' BUN ' ' I ' t ' I 

I t ' t I t I 1 I 
12/58 • - - ' - t 1043 t 5·5 I ++++ ' ++++ ' ++ ' ++ t t ' ' t • t I t t I ' t t • t t • I 

157/64 t 12m • : Boxer ' - ' alk t ++++ t + I ++ • - I 90.0 I I • I • t I I I I t ' I t ' I I 
177/64 I 12 m )! : -Da.chs I - I - ' ++++ I - : ++ • - I 16.6 I I I 1 ' ' ' t I t • • I I t I 308/64 • 11 m M I Spa.n1. t 1040 t 7·5 I +++ t ++ I ++ I - ' 12.J I I I t t I ' ' I I ' • • t t ' t t 
637/64 • 3 m M t A1sat. ; 10.38 t 5·5 • + t ++++ • + ' ' 29·4 I I . I I ' ' I 

CATEGORY II 
• t I ' I I ' I ' t 

67/58 • - I - I Dob. ~· 1031 I 6.2 • +++++ t ++++ ' - • +++ I 53·4 • ' ' • I t t ' J • t t I • • • t ' t 1748/63 I 24 m • M : Boxer I - t acid : ++++ I ++++ ' - ' - I 79-1 I ' t I t ' ' I 

' r t 1 • ' • ' ' ' 1734/63 t 12 m ' M I Point. t - ' acid : +++f- ' +++ t + ' ++ ' 22.1 ' ·- t ' ' • I ' I 

' I ' t t ' ' I I 18/64 I 18 m • )! t Dacha I 1045 I acid ! +++ t +++ : + ++ I 22.1 t I I ' • • • 
21/64 ' I t t t I ' I t 

' 10 m f • I Boxer • 1013 1 5·0 I ++ ' ++ ' - + I 42·3 t I I ' t 1 • ' ' 254/64 
t I ' I ' ' ' I t I 7 • t M : Boxer ' - t a1k. I ++++ ' ++++ I - + ' 49·7 ' • • I • I ' ' ' t ' • I ' I ' ' 265/64 ' 2 Ill I • ! NDS ' - ' acid ; + • +t-++ ' + - t 95.6 I I I • I I I 

CATEDORY III 

' I I I I ' I • ' 6/58 I 8 7 f - t - : 1024 ' 5·0 ' ++++ ' ·+++ ' - ++++ f 60.8 I ' t " ' • • I 

9/58 ' 1 ' NDS~ 1 I ' ' t t t - ' - t t 1013 t 5·5 t +++ : +++ 1 - ++++ I )8.6 t t I 1 I I I ' • I t ' 1 t I I 1 13/58 • - t - t - t 1009 I 5·5 • ++++ I ++++ . - +++ • Jl. 3 t • • • ' • I ' • -- ,_ 
' t t ' t I t I 32/58 I - ' - ' liDS : 1025 -t acid : ++++ I ++++ .. - +++ • 88.3 • • ' ' t .. • 

49/58 
t t I t • t I ' t I I - I - : Bull : 1022 • • +++ : ++++ I - t ++++ • 19·0 ' I 1 I I ' t 

54/58 
t t ' • ' • I ' I I t - ' - t NDS t 1040 t 6.3 • ++++ ' +++ I ++ t ++++ t 51·5 I I • • t ' I 1 t t t 1 f t f • I I t t ~ 299/64 I 18 m 1 M 1 Boxer ~ 1020 -t 4·5 • ++ ' ++++ ' ++ I ++-++ • 75 +~ t ' I 1 ' ' I t t ,:;n • ' ' I I ' ' ' • 1 __.. 254/65 ' 18 m • )( t Fo:x. T. t 1028 -. 5·5 I +++++ • +++++ ' + ' + • 50 t f I I 1 I • t • • 

~ondesoript breed. 
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more advanced as the disease p1·ogresses in tin~~~ and 

severity. 

6.3 Rlood Urea Nitrogen 

For the vurpose of evaluation of kidney ft1nction 

aB distinct :from the forec;oine evaluation of thf~ cJjni~ 

stat(-.t it wa~ not, feasible to subject patients to lengthy 

c1earance procedures. Bt!N deternd.na tion was selected in 

SJ:)i te of its liw:i tations as a sui table parameter for jndi ca-

ting deteriorating kidney function durine the process of and 

reflectin6 the intensity of effect of the Babesi.a J.nfectiono 

Nitrogen retention in r·enal disease de!Jends in genera.l 

on the nature and extent of the renal lesion and upon 

extrarenal .facto1·s including 1)rerenal deviation of water 

(oedema, vomjtine, diarrhoea or fever) and excessive protein 

cataboljsrn and/or deficient anabolism (Cantarow & Trumper, 

1962). Oedema is only an occasional feature of the disease 

(see section 2.4.2)o Vomiting and diarrhoea are not seen 

very often. Most dogs are off their feed typically, so that, 

with fever generally present, both excessive catabolisnl and 

defective anabolism would be operative. This would however 

apply to all cases and the effect is unlikely to be of the 
I 

order of me.gni tude found in renal disease. The kidney lesion 

thu~ with due allowances for the above and for circulatory 

disturbances such as found in medical shock could be regarded 

as the agent n1e..inly responsible for nitrogen retention. 
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BUN was es tirua ted by the ti trj n;e trj c procedure of 

Hench & Aldrich (1926) based on the mercury combining power 

of blood. This procedure is derived from the l)rinci.rle that 

mereury cot1bines wt th such vrodue ts as urea, crea tini nl~ and 

uric acid whan a solution of a mercurjc salt is added to a 

solution containine these nitrogenous ::>ubstances (in this 

case a protein free filtrate of blood) U.f.• to the .PO .in t that 

the mercury combining po~:er is sa tiofj ed o 'Jl!i.e excess ILe1·cury 

then appears in the solution and is del~~ on~·; trn ted by the 

a1)pearance within three seconds of a reddi Hh bx·own, powdery 

precipitate when a drop of the solution to be tested is added 

to a drop of saturated sodium carbonate 0olution on a white 

SiJOt plateo 

Wht1e this method is not as accuraLe as the urease 

procedure it is sufficiently so to meet w:i th cl ini.cal require­

ments and has therefore gained wide acceptance in cl1nical 

labora tori. ea. 

In the present study the results obtained were put 

into the three clinical categories and the values plotted on 

a scatter diagram. See 'Figo 6.3o 
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FIG. 6.3 SCATTER DIAGRAM INDICATING 
THE DISTRIBUTION OF BLOOD UREA NITROGh~ VALUES 

IN THE THREE CATEGORIES OF BABESIOSIS 
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The majority of va.lues found in t.he 34 ear.ly acute 

cases were within the normal range, usually taken to have 

an u.P1)er lind t of about· 20 mg/100 m1. r,igures between 

20 and 25 are not u~a~alJ.y regardeJ as being particularly 

abnorrHal for Jot::.3 (.1.ioi!, 1)66)o There was one verJ' high 

result ( 90 n~e-/100 mJ) i.n u dog origj_na11y vlaced in Category 

I o As it was however not found to be typical of th(~ e;roup 

it was left out ·.Jf conBi.deration. The animal was e .. youne 

one in an ~dvanced state of medical shock wj_th massive 

haemoglobinuria and severe parasitaewia. In spite of blood 

transfu.;:;ion and sr>eci f:i c treatment it d:i ed with a matter of 

hourso 

The mean for Category I was 15.9 (SD 6.4), welJ with 

·the normal range. 

In the second en tee,ory ( 39 cases) with sim11le severe 

anaemia, the tendency to hi~her values is clear with somewhat 

less than half of theru falling within the normal range. The 

highest figure was 96 ms/100 ml. The mean .at 31. 3 (S.D. 21.2) 

was above the norn1al range o 

Very near1..y all the animals in the icterjc (third) 

category showed nitrogen retention from mild to very severe 

degreeo The mean BUN of thP. 24 c~ses was 52.7 (SD 30q4). 

Analysis of vlariance (see Table 6. 3) between all 

three groups showed a highly significant rise (at P ~ 0.001) 

as the disease progressed. Between Categories I and II the 

rise was highly significant at the same level of probability 

while the wide scatter of values in Category III left the 

rise highly significant at P == 0.01 but falling slightly 

short of the P = 0.001 level. 
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TABJ,}: 6o 3 

I 

' I 
I 

CategoriPs : 11
1'

111 

I 
I 

STATISTICAL DATA 

Degrees of 1'ro ba b i_li ty 
}

1 re ed om 

(153) 

' ' f 

.3i ~rd fj-
cance 

---------··-+-----!'---------.. -~-- -------t-------~-
f 

1 - lJ - Til ;2.2.b 
t 
I 

I - -~ I : 1 () o 6 
I 
I 

I1 - III ;10o9 
' ' 

D:£4' 2 D.F, 1 c.. 

'DF 
: 1 

1 DF 
2 

t 

:nF1 ] DF 
I 2 
I 

Discussion 

96 .P( 0.001 High 

71 p < OoOOl High 
I 

61: OoOOl <. p <. 0.01 Modfn·a te 
I 
I 

The above flndines for BtJN "i.n South Afr:ican ft~;~ld 

cases ~:;how a Jistinct qualitative trendo ·~l'hile it is conceded 

thu t in circui.tf3 tances of lesser or greater virulence the 

quaH v,_ tv_ ti v~ picture is not completely regular it waA here seen 

from urine examination thr,_t in early Hcute cases there was 

already evidel!Ce of kidney involvement without prejudice 

to kidney function. In severely anaelliic aniW£l.lS the functional 

integrity of the kidneys in more than half was disturbed while 

in icteric anjU!als nitrogen :retention was a. regular fee.tureo 

It has been estimated that the kidneys are able 

to function normally with 66 to 75 per cent of the original 

complement of nephrone out of action. This functional reserve 

thus allows the first category cases to reflect BtlN values 

mostly within the nonos.l range when urine analysis already shows 

evidence of renal involvement. As the disease progresses 
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however the reserve becomes depleted and a progressive rise 

of BUN is evident. 

Generally speaking, although the role of nephritis 

is considerable and is an importa.nt part of the disease picture, 

it is in the majority of cases reversible, requiring no parti­

cular treatment after specific babesiacidal treatment. 

In animals, however, that have suffered so severe a metabolic 

insult that they make a tardy recovery, kidney lesions may 

be exacerbated or may themselves contribute to the slow 

recovery. In older dogs, already approaching the ·border-line 

of kidney decompensation before contracting the infection the 

prognosis becomes very doubtful on account of loss of residual 

reserve capacity. They often die in spite of otherwise 

successful specific therapy. The proximate cause of death, 

the~ unlike the great majority of cases of babesiosis, would 

be uraemia. 

Supportive trea~uent aimed at this fact should 

certainly be instituted immediately when it becomes evident 

from BUN determination and urine examination that this is 

necessary. The development of metabolic acidosis as a result 

of renal failure also contributes to the necessity of such 

measures, and its recognition and correction would well be 

lifesaving in cases that fail to respond to specifiq therapy 

in the normal way. 
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Comparison with Malaria 

After a review of findings of many workers in 

the f Leld of the different ty.pes o.f malaria Maegrai th 

(194B) stated that "there is a cunsiderable difference 

of opinion a111ongot workers on many features of acute 

renal involvement i~l malaria, but certain points emerge 

from the mass of a1JP::Lrt.~n tly con tras t:i.ng evidence, upon 

(155) 

which thf~I'e is gHnet·e.l agrf~ement. Most authors, for instance, 

have found that acute, as distinct from chronic, renal 

sy1.11ptows are comruonest in Plasrnodi ~Jm falciparum infec tiona. tt 

This is explained on the basi a thu t ·this type of Jnala.ria 

tends to be acute and to act tlore vigorously and that 

circulatory and other changes of a general nature are most 

active in P. falciparum infections. Maegraith moreover quotes 

observations to the effect that renal failure accounts for 

half the deaths in blackwater fever, and states that apart 

from the manifest presence of haemoglobin and its derivatives 

in the latter form, the lesions of blackwater fever are 

identical in type and form, if not always in degree, with 

those of acute malaria. In fact a definite point is here 

made that tubular dysfunction may precede or follow haemo­

globinuria and that t~is fact provides strong presumptive 

evidence of the nonspecific nature of its origin. It was 

concluded after exhaustive scrutiny of the evidence that 

large quantities of haemoglobin may pass through the kidney 

without inflicting serious damage to the renal tissue and 

without apparent interference with kidney function. He 
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further discounted any great role of malarial varasites in 

the kidneys (&enerally scanty), of malarial "toxins" or 

parasitic metebolites, and of chaneea in the electrolyte 

concentration and body water balance, and concluded the 

most lj.kely 1-'0SSJ.bili-ties to be (i) that the cellular chanees 

arise from a defect of function specific to the part of the 

ne~hron inv0lved, or (ii) that localized tissue anoxia is 

develOJ>ed and c;i ves rise to nonGpecific degeneration and 

necrosis. He suJgested the development of a chanee in 

intrarenal blood flow and thus oliguri.a or anuri..a. General 

anoxael.iia und tl ssue anoxia would follow on the loss of 

eryt.,li'<lC.{tes by .uarasi tic action, loss of haei!i.Oglobin by 

degradation, and intravascular agglut.l.na tion. Any incidence 

of shock would in itself interfere with the flow of blood 

through the gl.omerulio 

Holliday (1965) in a review of ~~e causes, characteris­

t:Lcs and management of acute renal failure in general, 

mentioned among conunon aetiologies haemolobin11ria "such as 

seen i.n malaria (blackwater fever)" and shock resulting in 

severe reduction in renal blood flow and the consequent sub­

jection of tubular cells to anoxic damage and acute tubular 

necrosisg 

A group of workers in Thailand in 1967 (Sitprija, 

Indraprasit, Pochanugool, Benyajati & Piyarata) described 

acute renal failure in blackwater fever as well recognized 

and quoted Nlnegraith, Havard & Parsons (1:145) as ascribing 

pathogenesis to renal anoxia. Maegrai th & :F'indlay ( 1944) 

had suggested that the blood flow through the renal cortex 
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might be bypassed into the medullary vessels and the 

subcapsular plexus, so aggruvating the anoxia of tubular 

cells. Si tprija et alo were par·ticularly .i.nterested in 

three malaria patients with no evidence of intravascular 

haemolysis, hypoten8ion or shocko These had their renal 

function return to normal after antimalarial trea~uento 

During their febrtle period they had blood ureas rang.i ng 

from 82 to 194 mg/100 rul and creatinin ranging from 2.08 

to 3o65 m.g/100 ml although bioj!sies revealed unremarkable 

histology, anct urinary findings did not deviate notably 

for normali tyo They tended to the view that decreased 

renal blood flow during the period of heavy :parasi taen1ia 

could ex1>lain renal failure at that time. In this res pee t 

they were in substantial agreement with Maegraith and 

co-workers cited above but considered that the physical 

presence of pnrasi tized red cells and ''sludging" merited 

further investigation. They conceded finally that if their 

patients had not been treated immediately acute tubular 

necrosis might have developed: 

In a recent paper Berger, Birch & Conte (1967) 

stated that though renal tubular disease in falciparum 

malaria as manifested by haemoglobinuric nephrosis 

("blackwater fever") was a well-established phenomenon, the 

occurrence of significant glomerular dysfunction was not 

well recognized. They did however, review such evidence 

as there was in the literature dating from 1898 on the 

subject of nephritis, and described their findings in 

three cases out of some 150 evaculated from Vietnam and 
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who had received specific treatment in the war zone. 

They were studied clinically, biochemically and by renal 

biopsy when they relapsed in the United States. Characteristic 

laboratory f L nd .ings inc] ud t:~d haerua turia, marked proteinuria 

cylindruria and azotaemia (BUN up to 154 mg/100 ml) with 

ruarked imyairment of crea ttnin~: clearance. The nephrotic 

syndrome was evidenced by protein excretion in urine in excess 

of 3.5 g/24 hr with hYlJOalbu.winaewiao 

Structural abnorllic.:tli tie:·:; of the glomeruli were present 

in the biopsy specimens obtained. 'rhese were non-specific 

in nature and resembled those seen in poststreptococcal 

glomerulone!Jhri tis. There wu:.J e; com1)le te lack of evidence 

of any antecedal streptococcal infection~ 

Although this series was slliall it tended to confirm 

the findings in a number of scattered reports, notably that 

of S1)itz (1945) on the })athology of acute falciparum malaria. 

Gilles & Hendrickse (1963) and Edington (1967) have implicated 

P. malariae as the most collillion parasite producing the nephrotic 

syndrome in African children in· Vv'est Africa, much more so than 

in the case of falcipQrum malaria. 

As long ago as 1944 Maegraith & Findlay were stressing 

the non-specific nature of the lesions produced. They stated 

that they were ~imilar to thos~ seen in the crush syndrome, 

incompatible blood transfusions, concealed retro1)lacental 

haemorrhage, trauma of labour, excessive vomiting associated 

with pyloric stenosis, alkaline treatment and cholera. 

The disease processes of malaria a.nd babesiosis are so 

similar that in this case too one can conclude that they tend 

secondarily to produce similar lesions, essentially of non-

speciftc nature. 
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7 o 'fHE HAEMATOLOGY (}~' B. CANIS INFECTION 

7ol General Considerations 

Babesia canis being a blood parasite, invad:i.ng 

and ruulti11lyin5 in the red blood corpuscles and ultimately 

destroying them, exerts its most immediate effect in that 

ruediumo The earliest observers showed interest in the extent 

to which anaemia was produced in the disease. In 1902 Nocard 

& Matas presented by the standards of that period an exhaustive 

stuJy on the haen!atology of canine babesiosis. Macroscopically, 

they no ted that the blood became ''pale, as if d i.lu ted with 

wa tertt; coagula t.Lon was uelayed; the clot 'NBS softer and 

paler t1'lan normal; the serum was pale to dark red as the 

disease progressed; and the im~ression was gained the 

erythrocytes had become much more fragile. In subacute cases 

serum exuding froru the clot changed from 1->ink to dee1J yellow 

with at times e greenish tinto Red blood corpuscles from 

citrated blood sedimented down to 1/5, 1/10 or even 1/15 of 

the total blood volume. From a normal red cell count of 6! 

to 7 million the decrease was comparativ~ly slow until the 

"haemoglobinuric crisis" when~ precipitate drop brought the 

figure down to less than 2 million per cu mm. Haemoglobin 
I 

values fell correspondingly from 12 to 13 per cent down to 

6, 4 and 3! per cent. 

The white cell count was on the contrary increased 

to two, three or four times the normal figure, polymorphs 

being responsible for the greater part of the increase. 
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This observation obtained in the more chronic forms of the 

disease. Anaemic changes were stated to include anisocytosis, 

polychromasia and nucleated erythrocytes, also more markedly 

in the protracted forms. Mononuclears were in these forms 

also found to be more frequent. 

Galli-Valerio (1904) and Nuttall (1904) in later 

reviews of the disease provided no new information but 

quoted Nocard & Motas in extenso on their haematological data. 

Wright shortly afterwards (1905) published some haematological 

findings (based on a study of three dogs) and found them to be 

in substantial agreement. Christophera in 1907 identified up 

to 26 per cent of the leucocytea as monocyteso 

Barratt & Yorke in a 1910 study investigated the 

question of whether haemoglobinuria was the result of haemoglo­

binaemia or not, and concluded that in fact it was. 

Haemoglobin appeared in the urine only when the plasma 

concentration exceeded 0.5 per cent (at which level there was 

some appreciable pinkness). As this threshold was exceeded 

in the plasma the urine haemoglobin appeared and rose 
I 

sharply. They also determined what they called the haemoglobin: 

volume ratio i.e. the amount of haemoglobin in unit volume 

of erythrocytes. In the early part of the infection they 

found no change in the ratio, but there was an increase towards 

the end. A decrease was occasionally noted. Haemoglobin 

appeared in the pla~ma only upon extensive destruction of 

erythrocytes and not before. These standards of comparison 

have long sinoe been superseded by more definitive ones, the 

Wintrobe indices. 
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A decade later (1920) Fischer & Scheidemann described 

in acute cases investigated in China the usual anaewic and 

regenerc-i ti.ve changes but in addition a hyperleucocytosis 

varying fro111 slit;ht to a leucaeruic level. ''Heiz" forw~ of 

lymphocytes were noted in varyin~ fre4.uency e:nd Et]so the 

vresence or lliyeJocytes. 

ContlH (l~i26) ill describing ca.sea encountered i11 

Greece, also menti oneJ anaer .. J.ic changes and 1eucocytosis. 

"lv.lonoculears" were found to be lncreased in frey_uency up 

to about 12 1--er eent. These we1·e LlOstly "large mononuclea.t· 

lym}Jhocytes". Sraa1l lymphocytes and neutl'O!Jhj.ls were not 

increased. He regarded the lurge mononucleHrs or large 

lymphocytes ns transitional forms. In sowe cases he found 

eosinophiles to number up to 8 per cent. He also .U1ade mention 

of imwature leucocytes and myelocytes. 

Sanders in 1937 found a "varying degree" of leucocytosis 

and iDiplica ted chiefly polymorphonuclears in the i.ncrease. 

In 1940 Landsberg & Eskridge offered the first study 

on the actual anaemia of babesiosis using modern methods of 

evaluation. They compared the physical and haematological 

changes in splenectoruized and entire anin1als and found virtually 

no quali tc.tive difference. Erythrocyte sedixuenta.tion rate 

was shown to be markedly accelerated. The corpuscular 

constants of Wintrobe (1934) did not show any particular 

trends during the course of the infection and they regarded 

the anaet~ia as be~ng nor1uocytic. This was in accord with 

the findings of Wintrobe (1961) in malaria. He regarded the 
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haemolytic anaemia of this disease to be a case of ''acute 

blood destruction", one of the accepted causes o:f normocytic 

anaemia. 

Reticulocytes increased during the latter half of the 

infection as anaf~mia developed, reaching a figure of 23 per 

cent. Splenectomized dogs had a greater percentage of infected 

erythrocytes than those of similar age with spleens. 

Landsberg & Eskridge also entered the lists with Eaton 

(1934), Simons (1939) and others on the question of special 

predilection of Babesia for reticulocytes. Eaton had postulated 

an "special predilection of reticulocytes" as he had found 

in cases of malaria he had studied, but Simons, who studied 

this question on three dogs found reticulocytes refractory 

to infectiono He found this most noticeable as the blood 

in his cases showed a strong reticulocytosis and a considerable 

degree of infection, and he never saw a reticulocyte with a 

parasite. 

Da Silva in 1944 described "target" cells, up to 

17 - 22 per cent of all red cells. He demonstrated what he 

called a characteristic decrease of red cell fragility. 

Maegraith, Gilles & Devakul (1957) could not confirm 

findings of Shirlaw (1938) and:of DaSilva as to fragility 
j 

and found saline fragility to be within normal limits at all 

stages of the ~isease. As far aa mechanical fragility was 

concerned an appreciably increased effect was found only in 
l 

haemoglobinaemic animals and during the last two or three 

days of fatal infection. They however, regarded the method 
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of testing to be extremely artificial, the results probably 

bear:Lng little relation to the situation in v:L vo o 

In the same payer Mnegraith et al. reported on 

leucocyte findings in a series of ten experimental dogs. 

Eie;ht of these showed leucocytosis of u:p to ]0,000 per IiJD.J 

whiJe in two leucopenia was found (resembling the leucopenia 

commonly found in malaria). They did not comment on the 

percentage composition of the cells. 

In a broad review of diagnostic features of babesiosis, 

a f'rench worker Jac4.uin in 1963 COllllllented on the Jack of 

unanimity as to the leucocyte picture aB revealed in the 

literature up to that tiwe. He did not cowe to any final 

conclusions on the subject. 

As it appeared that natural field cases might well 

shed some further lieht on aspects of haemutology that had 

been the subjects of disagreement a number of specimens were 

collected from dogs presented with babesiosis at various 

stages. A few dogs were also artificially infect~d in order 

to throw light on some controversial pointso 

Materials and Methods 

Blood was collected, initially in "mixed" oxalates 

and later in EDTA ( disodiuw ethylene diamir1e tetra-acetate) 

as anticoagulants and subjected to haematological 

examination. These speciwens were all from diagnosed cases 

of babesiosis and the results were evaluated generally on 

the basis of the three clinical categories. 
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(a) Erythrocyte sedimentation rate. Freshly 

collected blood was placed :i.n a standard Wintrobe haematocri t 

tube up to the 100 mm mark and this was set up exactly 

vertically a.nd lnft for one hour. The amount of sedimentut.ion 

could then be rea:l off directly on the left hand scale. The 

results were recorded as mm/hr (Wintrobe) and no correction 

for anaemia was attempted. 

(b) Haematocrit or Red Cell Volumeo Immediately 

after ESR was complete the Wintrobe tubes were centrifuged at 

3000 rop.m. in MSE "Minor" clinical centrifuges for 30 minutes. 

It was known from experience that packing was complete for 

canine blood after this procedure. Results were expressed 

as a percentage. 

(c) Red cell count. Counting was carried out 

as soon as pos~ible using Hayem's solution as a diluent and 

BUrker-Turck or Spencer Bright-line counting chambers. 

Results were recorded as millions per cu mm. 

(d) Ha~mog£obin concentration. In the early 

part of the work haem.olysis was produced with 0.1 per cent 

sodium carbonate:solution. Difficulty with standardization 

wae experienced and later the much more acceptable cyanmethae­

moglobin method was used (Drabkin's solution). StanQardization 

with British Drug Houses cyanmethaemoglobin standard solution 

made determinations somewhat more accurate. Results were 
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expressed ae grams per 100 ml. 

(e) Red cell fragility. A alight modification of 

the photometric method of Clark (Brown, 1963) was used. 

0.5 per cent sodium chloride solution was found to be 

suitable for canine blood. Fragility in this solution is 

expressed as percentage haemolysis by comparison with complete 

haemolysis' produced by the same volume of whole blood in 

distilled water. Volumes of 0.1 ml of heparinized blood were 

added to 10 ml of 0.5 per cent saline and to 10 ml of distilled 

water for the "test" and· "standard" respectively. These were 

read in a colorimeter at 540 millimicrons against a distilled 

water blank after standing for ten minutes, and centrifugation. 

(f) Reticulocyte count. The "wet" method was used, 

with slight modificationso One or two drops of blood were 

well mixed for about 15 seconds with an equal quantity of 0.1 

per cent brilliant cresyl blue in 0.85 per cent sodium chloride 

solution on a watch glass, and kept covered for five minutes 

'~'-i th a petri dish. From this a thin film was prepared in the 

ordinary way, air dried, fixed, and lightly counterstained 

with Giemsa solution. The percentage of reticulocytes was 

counted under an oil immersion lens in about 500 to 1000 cells 

with the aid of an Ehrlich ocular (which provides an 

adjustable square area for examination). 

{g) Leucoclte or white cell count. The same haemocy­

tometers (as for red cell count) were used after dilution 

with 2 per cent acetic acid solution to lyse the red cells, 
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plus gentian violet, to facilitate visualization. 

(h) ~fferential leucocyte count. Smears were 

prepared from fresh or newly collected anticoagulated (EDTA) 

blood by the method of Neaer (1923). According to this 

proc~dure an elliptical smear is m.ude by dropping a coverglass 

onto a small drop of blood on u Blide, and sliding it very 

gently along the long axis of the slide. With practice 

sufficient skill and gentleness is developed to cause a 

minimum of distortion of white cells, and v.i th the very 

much better distribution of white cells more accuracy ~s 

achieved than by customary methods. (It has for many 

years been the favoured method at the Onderstepoort Veterinary 

Research Institute). For staining the Romanovsky type 

Giemsa's stain was used after fixing with pure nethanol or 

May-Grunwald solution. 
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Results 

Erythrocyte Sedimentation Rate (ESR) 

It is evident from inspection of the scatter graph 

presented as Fig. 7.3.1 that there was a very great variation 

in the figures obtained within each of the three categories. 

Amone; the whole lot there were only very few normal values, 

usually taken to be up to about 5 or 6 nu;n/hr. A rj se of 

ESR was thus a very early event in babesiosis, It was 

further evident that with the development of anaewia the ESR 

figures were generally higher. The means for the three 

cateeories (with calculated standard deviations which were 

notably large) were respectively 36.9 ± 27o6, 56.6 ± 26o7 and 

66.8 ± 26.3 mm, thus a progressive rise. Analysis of variance 

overall showed significance at the P = 0.001 level, whil.e 

similar analysis between categories showed a signi.ficant 

rise between Category I and Category II (P = 0.01) and no 

significant difference between Category II and Category IIIo 

See Table 7.3.1. 
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FIGo 7o3ol SCATTER DIAGRAM INDICATING THE 
DISTRIBUTION OF ERYTHROCYTE SEDIMENTATION RATE 

LEVELS IN THE THREE CATEGORIES OF 

BABESIOSIS 
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TABLE 7o3.1 STATISTICAL DATA 

ANALYSIS OF VARIANCE: "F" RATIO 

ERYTHROCYTE SEDIM~·~NTA~riON HA ~E ( WINTROBE) 

' 
Categories II _B"' It Degrees of Probability : Signifi-

Freedom ' cance I 
t 

' t ' I - II - III 7.71 D~' 2 DP 91: p ( 0.001 fHigh 1 2 
' I 

' ' I - II 8.1 DF1 1 DF2 67: o. oo1 < P <. o.o1 ::rv;odera.te 
I t 

' t 

II - III 2.3 DF1 1 DF 69: P) 0.05 ;None 2 t t 

7.3.2. Haematocrit, Red Cell Count and Haemoglobin. 

These were not graphed or com1)ared since they constituted in 

a general way the frame of refer·ence for· subdivision of the 

categories, certainly for the first two, while Category III 

values, though generally reflecting sever·e anaeLUia, shovved 

some variability. Icterus was observed on a number of occasions 

in dogs where the red cell count was in excess of 4 millions/ 

cu mm. 

The figures obtained for about 99 field. cases however, 

rendered exa.ruination of the type of anaemia by ;means of the 

Wintrobe indices possible. 

The mean corpuscular volume for the t~ee categories 

(with s.D.s) was 63.8 ± 14.0, 79.1 ~ 16.4 and 72.3 ± 14.4 cu JU• 
Analysis of variance showed that an overall in~rease was 

significant at P = 0.001. This difference was greatest between 

Categories I and II (P< 0.001) and there was a small droR 
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in the mean from Category II to Category III. V!hen 

Categories I and III were compared it was found t.lu-=tt there was 

stillan increase in mean corpuscular volume, but at a much 

lower level of significance viz. P < 0.05o See Table 7o3o2 

TABLE 7o3.2. STATISTICAL DATA 

ANALYSIS OF VAHIANCE: "F" RATIO 

M~AN CORPUSCULAH VOLUME 

Categories "~," 
Degrees of Probability : Signtfi-

Freedom ' cance 
' ----.-..1..-

' I - II - III 8.07:DF1 2 DF2 96 p < 0.001 High 

' I - II 15.22:DF1 1 DF2 70 p < OoOOl High 
f I 

' I - III 4o53:DF1 1 DF2 49 0.05 > p) o. 01 Poor 

Overall ac- I I I 
I I I 

cording to I I I 
I ' ' Haematocrita OoJ3:DFl 1 DF2 96: P) 0.05 :None 
' ' ' 

MJ·~AN CORPUSCULAR HAEMOGLOBIN 

I - II - III ' 7.4 :nF1 2 DF2 94: 0.001 <. p < o. 01 :Moderate 
' ' I ' ' ' I I 

I - II :12.2 :nF1 1 DF2 69: p < 0.001 :High 
I ' ' ' ' t t t 

I - III t 3.8 :nF1 1 DF2 48: p > o. 05 :None ' I ' t I 

These.results suggested that upon extensive destruction 

of existing red cells by the parasites there was a transient 

inflow of larger, less matur~ cells, followed by a tendency 

for the mean 'cell size to return nearly norDlal later in the 

disease. 
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In order to examine the exact type of anaemia the 

results were rearranged into three groups representing the 

IV~CV figures in different degr·ees of anaemia where the haema to­

crits were 20 - 45 per cent, 12 - 19 per cent and 6 - ll per 

cent. (It will be recalled that there was quite considerable 

variation in haematocrit in the icteric animals). It was now 

found that the rueans were 72.8 (~6.8), 72.5 <± 17.0) and 

75.7 (± 15.5). Analysis of variance showed that the null 

hypothesis could not be rejected and that the anaemia was 

in fact normocytico 

These two arrangeruen ts are pres en ·ted as sea tter 

graphs in Figo 1.3,2.1. The normocytic character of the 

anaemia is evident from these. 

Mean cor·Ruscular haemoglobin (MCH)ci An examination 

of thes~ produced substantially similar results. Comparing 

the MCH values in the three categories there was a significant 

rise in Category II over I (at P ( 0.001) while between II 

and III there was a small decrease. The means (with S.D.) 

were respectively 23.2 ~ 5.6, 28.5 ± 6.0 and 25.9 ± 4.o;u;ug• 

Rearranged according to the recorded haematocrits the meane 

for the three degrees of anaemia were 26.3 ~ 6.6, 25.5 ~ 5.0 

and 28.0 ± 5.4 JUJUg, with no significant differences. T.he 

two scatter arrangements are graphically illustrated in Fig. 

7.3.2.2. which reflects a pattern similar to that for MCV. 
' 

Statistical data appear in Table 7.3.2. 
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FIG. 7.3.2.1 SCATTER DIAGRAMS INDICA~ING MEAN CORPUJC"Uk.R VOLUNfS 
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Mean corpuscular haemoglobin conc.:entration (lVlCHC)o 

Here the means were so c1ose together in the three categorj.es, 

viz. 36o3, 36o7 and 36.3 per cent that further evaluation 

statistically and graphically was deemed unnecessaryo 

Clearly the concentration of haemoglobin in the cells was not 

affected·by the anaemia. The essentially normocytic and 

normochromic nature of the anaemia witn only a transient 

macrocytosis was thus confirmed. 

7.3.3. Osmotic fragility. The use of field cases for 

investigating fragility of red cells to hypotonic saline did 

not seem to be very promising since information as to the 

actual duration of illness was unlikely to be reliableo A 

few dogs were therefore artificially infected and saline 

fragility determined at two day intervals (three ti.wes weekly) o 

A dog which turned out to be iDWiune gave a mean 

fragility percentage of 35o6 ± 12.5. A second had eight 

fragilities done before the first rise of temperature and they 

averaged 39.4 ::!:. 1.1. At one determination after parasites 

appeared it was 25.2 per cent, a distinct drop in fragility, and 

after that it rose above norrual to average 58.1 ± 7o9 during 

the further course of illness. Two other dogs gave a similar 

pattern and the figures obtained are given in Table 7.3.3. 
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PEHC~N'J'AGE OS100TIC :B'RAGII,l Tf 

----------------------------, r 
BefoJ.·e c1i ni cal: li'i :cs t few days 

~:lJiil.t~toms : of infection Do5 No. 
I 

Durinc, established 
infection 

~· .......... -·-·--··--·-... --~--.. +--·-----------+----~-----
• j 

3 /6C. : 2 5 r. 6 .!. 12 II ) : 

t I . ' : (g)* : 
-~-1--.-.......-...-

I ' ' 
4/68 

~ • ' ~ 39 u 4 + 7.7 I 25o2 ' 58.1 .±. 7o9 ' t 

' ' ' • 
' ( 8) (1) ' (4 ) • I 
I ' 

1J/6EJ 4lo5 28o 2 69o1 ±. llo 6 

(1) (1) ( 4) 

I 
I I 
I 19o5 I 68o8 + llo6 I ' 14/68 
I ' I I 

• (3) ' ( 3) 
' I 

' f 
___.t.._ 

*The bracketed figures indicate the number of determinations 

at two to three day intervalso 

These few cases were insufficient for any definite 

conclusions but did seer.u to suggest that there was increased 

resistance to erythrocyte rupture for a few days immediately 

following the first rise of tem~pera ture and api;ea.ranc e of 

parasites in the blood, afte! which fragility was increased 

above the normal level for the remainder of the disease 

process. 

Incidentally, case No. 13/68 died from babesiosis 

and case No. 14/68 became chronic with repeated exacerbations 

and remissions till it was treated after some five weeks. 
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7.3o4 Reticulocyte percentages. These were followed in 

a few cases artificially infected for the same reason as in 

section 7.3.3. Judging by these the ~attern appeared to 

be just about what could be expectedo In an acute case which 

died from babesiosis there was a moderate rise of reticulocyte 

percentage some days after clinical symptoms starte~ followed 

by a drop a day or two before the animal died, presumably 

from a degree of bone-marrow depression. In a more chronic 

case there was a marked increase durin5 the period of 

severe anaemia and for a few days after treatment after 

which it subsided to normal levels with the return of the 

haematocrit to normal. 

7. 3. 5. Leucocyte Count or White Cell Count ( WCO). . The 

figures obtained were arranged into classes constituting the 

three categories embracing 96 field cases of babesiosis. 

As in many other determin~tions of this study there was 

considerable variation in figures within the categories but 

the overall tendencies were clear. The means were 10.98 

± 3.7, 12.08 ± 5.9 and 22.80 ± 18.1 thousands per cu mm. 

The overall rise was statistically highly significant at 

P = 0.001. See Table 7•3.5. Between the first two categories 

however, with the variation as~large as it was, the rise was 

not significant. The major rise was however,·between 

Category II and III where the difference was highly significant 

at the P = 0.001 level. Clear~y the marked leucocytosis de­

veloped comparatively late in the clinical development of 

babesiosis. Even here it will be apparent from the graph 
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·ralue:3 Wl~re not llfl~~ikc thoue of Category II R.nd Cate.:;c1ry 1 1n 

ran._;e. The overal.l.difference is then brou5ht about by thH 

inc ceu sing inc i :J enc e of grt:~a t i..f eleva ted ViCC f:igures with the 

course of the disease. 

TABLE 7 o 3. 5. STATISTICAL DATA 

ANALYSIS Olt' VARIANCE: "F" RATIO 

Ll!."1JCOCY'rti; COUNT 

' t Degrees of : 3i t,rn:i fi-Categories "F" t Probability I lt,reedom I cance 
' ' 

I - II - III 10o87 D.Fl 2 DF2 93 p < 0.001 High 

I - II 0.70 DF1 1 D!,2 69 p ) 0.05 None 

II - III 13.81 D~,l 1 DF
2 70 p < 0.001 High 

NEUTROPHILr~ COUNT 

' I II - III 6.9 DF 2 DF
2 31 0.001 < p < o. 01 :Moderate 1 ' ' I - II 0.01 D:r, 1 DF 27 p > 0.05 :None 1 2 ' ' II - III 8.3 DF1 1 DF2 26 0~001 ( P.<.O.Ol :Moderate 

I 

It was evident that the rise was largely due to 

neutrophilic granulocyteso These were therefore calculated 

from the percentage differential counts as absolute values, 

and examined separately. The results ob·tained were quali ta ti vely 

similar. The means were in order of categories 6592 ± 3807, 

6733 ± 3217, 24,203 ± 24,950 per cu mm. The great scatter 
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FIG. 7.3.5.1. SCATTER DIAGRAM 

INDICATING THE DISTRIBUTION OF WHITE CELL COUNT 
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of values within categories militated against a hi~1 degree 

of significance, but, nonetheless the overalJ rise was 

...;icnificant at P = 0.01 with the rise between Category I and 

IJ not si~nificant and that between Category 11 t,rtd TlJ 

s i grd fi cant at P =-= 0. 01. The sea tter of a bsoluto neu t:ro phil e 

ftgures is ilJustrated in li'ig. 7o3G5o2o 
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8. DISCUSSION AND CONCLUSIONS 
( 181) 

In canine babesiosis, as Maegraith (1963) 

has pointed out in connection with malaria, infection 

gives rise to pa thologict~l C!Onnequences both locally at 

the point of host-parasite contact (i.e. in the infected 

erythrocyte) and remotely, in the other organic changes 

resulting to a g-reater or lesser degree from the primary 

insul tQ Clinically, the origint::tl parasite-host contact 

will lead to destruction of the invaded red cell and of 

nonparasi tj_ zeG r~~d cells and the process may be terminated 

with r). r1.3turn to norrnali ty by specific babesiacidal chemotherapy. 

In probably a majority of field cases trea~uent is 

delayed for vnrious reasons and the disease progresses 

directly or indirectly to the remote pathological changes, 

which in sum represent babesiosis in its various potentialities 

and manifestationso The emphasis placed in the lay mind on 

icterus in the popular names given to the disease bears 

testimony to the frequency of such further pathologyo 

The anaemia derived from erythrocyte destruction 

does not in itself constitute an important pathogenetic 

factor until it becomes very pronounced. Until it reaches 

that stage there is probably little disturbance of the 

carriage of oxygen to the tissues. Local vascular disturbances 

may however, lead to anoxia within the tissues at a fairly 
I 

early stage. The histopathology described in section 2.6.2 

makes it clear that in virtually all organa there is 

dilatation and congestion of capillaries and other small 

vessels. Even in the presence of severe anaemia they are 
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engorged and stagna ted with 11arasi ti z.ed and uninfec ted 

red celJs. Maegraith (1~63) has presented evidence of 

dynamic interference in intralobular blood flow in the 

(182) 

1jver (based on X-ray angi.ography) leading to a relative 

centrilobular haemostasis. He further quoted work 1Jroviding 

evidence of severe reduction of the respiratory c:tctivi ty of 

liver cell mitochondria and stated that the biochemical 

lesion re~resented in fact a failure of oxygen acceptance 

and utilization leadinb to hi~totoxic anoxia, with severe 

local effec·ts in the form of centl·ilobular necrosis. 

fvtaegraith (loc. cit.) speculateu on the nature of 

an active pharmacological factor circulating in the blood 

during malarial infection. Was it a "toxin" liberated by the 

parasite, or did the infection lead in sorue way to the release 

of non-specific substances with approprj_ate biochemical 

activity? He inclined to the latter belief, proof of which 

awaited further research. 

In the present study field cases in three clinical 

categories of babesiosis were subjected to evaluation 

of liver and kidney function as well as of their haematology. 

In early acute cases broiHsul.phalein retention was not 

affected unless there was an element of shock interfering with 

·the flow of blood through the liver. There was however a 

highly significant rise of BSP retention with the development 

of severe anaelliia and a still greater rise with the appearance 

of icterus. Serum glutamic pyruvic transan1inase, a sensitive 
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index of hepatic cellular damage or necrosis in the dog, 

showed a rise ~n some of the Category I cases but thereafter 

it was progressive all the way through at a high level of 

siL>'Tiificance. Serum alkaline phaSJ.'hatase did not provide 

clear evidence of hepatic functional impairment in the early 

stage of the disease. Jome animals in the second category 

(severely anaemic, not icteric) showed marked rises while the 

icteric category showed consistently hidh values. Total 

bilirubin was little affected in Category I and was generally 

(if present) larcely unconjugated as a result of the haemolytic 

process. There was some elev&tion of total bilirubin in 

Category II at a moderately sj_gntficant level, with rises 

chioefly in the unconjut.,;ated moiety, and in Category III there 

was Ll highly significant rise, wi t.h the conjuea ted bJ.lirubin 

generally well above half of the totRlo The picture pre::HHlted 

showed the increas~ng cuntribution of liver damage as the 

disease progres8ed, with haemolysis providing a relatively 

decreasing percentage of total bilirubin. 

An examination of serum proteins by electrophoresis 

showed the general situation that while total protein was 

in general not significantly increused or decreased albUlilin 

fell progressively during the course of the disease. Alpha-

1-globulin remained unchanged whereas alpha-2 was decreased 

with the development of anaemia. ~na-globulin was markedly 

increased at a very early stage of the disease, suggesting 

the possibility of a prompt manufacture of immune bodies, 

and, if currently investigated concepts of auto-immunity are 

substantiated, auto-iwuune bodies. 
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The frequently observed incidence of prolon6ed 

bleeding, resulting from insect bites on the ears of dogs, 

stimulated investigation of prothrombin time in babesiosis. 

It proved to be a relati.vely insensitive as a liver function 

test, but an appreciab~~ increase during the course of the 

disease, particularly in many individual cases, tended to 

support the idea thlt a lack of "prothrombin" was ..Ln fu.ct 

responsible for delayed clotting seen in some dogs bitten 

on the ears by biting flies. 

Cholesterol determination did not shed much light 

on the development of liver dnmage as far as the total content 

' •,•,as concerned but ester percentages dropped very significantly 

with the developllient of icteruso 

Plasma iron deterlLlination showed a very considerable 

sea tter of values in all three ca tegori eB and 1n·oved to be 

valueless for assessment of live1· fl.JnctioH. This applied 

also to ~lasma uric acid estimation which has enjoyed some 

vogue as a liver function test. 

Ample evidence has thus been presented of liver 

damage, starting from a very early stage of the infection 

and progressing steadily in the untreated animal to the 

stage of overt icterus. Central degeneration and necrosis 

of hepatic cells, dilated and stagnant sinusoids, heavily 

phagocytic Kupffer cells, and a peri!)here.l zone coruprisj ng 

cells varying from normal to highly degenerRted ones according 

to the progress of the disease, hav~ been well documented, 

notably by Maegraith, Gilles & Devakul (1957). This group 

have postulated some interference with or even cessation of 
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intralobular flow with resultant starvation of liver 

cells of oxygen from the central vein outwards. They 

believe that the evidence collected points to a dynamic 

obstruction to blood flow arising from active constriction of 

the venous tree in the liver and that the circulation is not 

impeded mechanically by swollen liver cells or by macroyhagesu 

The situation concerning involvement of the kidney 

was investigated by means of urine examination and de termintt t.i on 

of blood urea nitrogan. Urinalysis showed up evidence of 

some renal insult in the earliest stages of the disease but 

the very anaemic patients showed a rise of BUN in about 

half the cases and the incidence of icterus was regularly 

associated vvith nitrogen retention, sometimes at a very high 

levelo No evidence was found that haemoglobin played any 

regular part in this process. It seems clear that an interferen­

ce with the blood flow of the kidneys is more probably the 

operative mechanismo Local histotoxic anoxia as a result 

of this could very likely, as in the liver, lead to 

degeneration and necrosis of the tubular cells and the 

development of interstitial nephrit~s. Shock, leading to 

oliguria in peracute cases, could play a part in early death. 

In the study of the haematology of the disease a 

number of interesting points emerged. The erythrocyte sedimen­

tation rate was very variable but showed an increase right at 

the earliest stage of infection and a highly significant rise 

with the advent of icterus. Overall, the rise was progressive 

during the entire course of the disease, but it was clearly 

not due solely to the development of anaemia. 
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Deterruination of the red cell count, haemoglobin 

and haematocrit pennitted calculation of the Wintrobe indicesQ 

When the three c~tegorje8 were compared it was found thRt at 

a stage after IDassive destrlJCti.on there appeared to be a 

temporary infJow of larger youn~ cells from the bone-marrow.., 

rrhis iu quj ta U.JUH1 8CCC'·rdine to \,'intro(rl S 1956 text, not 

only in a dlf:ieaBe like Idalaria but in any sudden blood loss. 

When alJ the mea11 corpuBcu1:l r volumes were rearranged into 

three grOUJJS ace ox Jir .. g t:o rH.iem.a tocri t the anaewia Wets found 

to be norru.ocyticQ The findings for mean corpuscular 

haemoglobin shoWfJd esBentially the sc:.me pattern and analysis 

of the mean corpuscular haemoglobin showed that the COlleen-

tration of .huewoglobin reiDained between 36 and 37 .fJer cent 

at all s ·tages of the disease. Taken over nearly 100 patients 

thus the stateiDent of M.aegraith, Gilles & Devakul (1957) to 

the effect that the reduction in red cell count was usually 

associated with a roughly proportional fall in haemoglobin 

level in the blood could be confirmedo Ewing & Buckner 

recorded a similar finding in 1965. The anaemia of babesiosis 

is thus normocytic and norn1ochromic, which is the usual effect 
i 

of sudden blood loss or sudden blood destructiono 

Saline osmotic fragility did not exactly follow the 

pattern suggested by Shirlaw (1938) or Maegraith et alo (1957) 

although a different method of assessment was used. Shirlaw 

reported increased fragility in B. canis infection whereas 

Maegraith and co-workers in their series did not find any 

change to outside the physiological range. Bohr (1946) in 

a study of erythrocyte fragility in acute infectious hepatitis 
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in man fow1d that it was consistently decreased in this 

disease. He found that the presence of bile pigment in 

(187) 

the plasma had nothing to do with changes in fragility and 

that in fact the composition of plasma did not affect the 

matter. It thus seemed as if there was some change in 

the erythrocytes that was responsible for their increased 

resistance to haemolysis. Maegraith in his 1948 text went 

extensively into the question of the mechanism of haemolysis 

in view of the published papers up to that date and reached 

no final conclusion. This will be con®ented upon further 

on. 

In the few cases where fragility was studied in 

babesiosis the results suggested a decrease in fragility during 

the first few days after the appearance of parasites followed 

by fragilit,y increased above normal limits for the remainder 

of illness. The significance of this would have to await 

further study of possibly elaborated substances or changed 

properties of red cells which could lead to exacerbation of 

haemolysis (as discussed by Maegraith). 

Red blood cells appear to be destroyed in two ways 

in babesiosis as in malaria, by haemolysis as a result of 

the presence of parasites and by greatly enhanced phagocytosis. 

The cumulative weight of evidence supports the present view 

that acquired hae~olytic anaemia is an auto-immune diseaseo 

The suggested mechanism (Zuckerman, 1963) is that parasitized 

red cells may be sufficiently altered as to become auto-anti­

genic, with the result that auto-antibody is elaborated. 

Both parasitized and unparasitized red cella could become 
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opsonized or coated with antibody and then become subject to 

removal from the circulation by macrophages of the blood 

filtering organs, most notably spleen and liver, this process 

thus leadine to "excessive"anaemiaQ 

This issue has however, been clouded by the accidental 

finding that the antiglobulin test becomes positive in any 

anaemia (even in the absence of any infective agent) and 

that it is associated with the presence of large nu~bers of 

reticulocyteso 

This work is proceeding in connection with malaria 

and there is much reason to believe that findings will be found 

to apply equally for babesiosis. It was reruarked by Zuckerman 

in 1964 that "it is recognized that reasoning is often by 

analogy e.nd that analogy is not proof" However, the 

persistent recurrence of analogous observations may ultimately 

prove to have a significance of its own"" 

There has been a fair amount of unanimity in the 

literature of babesiosis that it is associated with leucocytosis. 

This has been shown to apply over a large nun1ber of cases in 

the present investigation and to constitute the most usual 

pattern. The occasional cases of leucopenia could well be the 

result of bone-marrow depression in very acute disease, 

although the possibly again of auto-immune sensitization 

of white cells has been suggested by Zuckerman (1964). 

A matter which has not enjoyed unanimity is the 

identity of "large mononuclears" seen in babesiosis. Morpho­

logically they can be followed back from neutrophiles as 
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myelocytes and metaruyelocytes, but on occasion the same 

can be said about the lymphocytic series. Consultation 

with an experienced cytologist (Gerneke, Onderstepoort, 

1968: personal communication) revealed that to settle this 

matter would require an investiga·non of its own employing 

histochemical techniques. Purely on the basis of morphology 

the writer (and technicians concerned) were inclined to 

identify them as sligh~Jy to very immature cells of the 

neutrophilic series. 

The actual cause of death in babesiosis has been 

briefly discussed by Maegraith and co-workers (1957). They 

recognized that it depended much on the duration of illness. 

In ordinary acute cases they ascribed it to respiratory 

failure with gasping and extensor spasms. In more protracted 

cases they implicated circulatory failure, usually associated 

with _pulmonary oedema. They felt that these two modes of 

dying were fundamentally different as shown by the differing 

response to intravenous noradrenalin. In a shocked puppy 

with circulatory failure the response was quite spectacular 

\\-'hereas in the acute res_pira tory failure cases there was 

no effect whateverQ 

To these causes of death however must be added the 

role of the liver and the kidneys. This work has shown the 

great potentiality for damage of these organs by the disease. 

If animals live long enough, these in themselves, with 

associated metabolic and acid-base upsets (eg. severe 

metabolic acidosis in uraemia), become the proximate causes 

of death. This is seen frequently in the clinic when a 

dog is presented two or three days after specific treatment 

with the complaint that it has not recovered at all. 
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Investigation in these cases of liver and kidney function 

usually reveals failure of one or other or both of these 

organs. Treatment then has to be directed towards the 

particular syndrome cone erned. Anaemia itself is norn,ally 

treated by blood transfusion, shock with nor-adrenalin, the 

liver with lipotropic agents and the kidneys with glucose­

saline infusions (plus ~.-;odj_um lactate or bicarbonate as 

required for acidosis). Life-saving treatment thus becomes 

feasible only after the necessary clinico-pathological 

eval ua ti on. 

191/ •••• 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2019

 
 
 



(191) 

ST.JlW.l.ARY 

This thesis presents a broad survey of all important 

as_pects of Babesia canis infection in dogs. In view of its 

diverse symptomatology the disease has been comprehensively 

J.nvestigated with particular e111_phasis on the effects of the 

infection on the liver, the kidneys and the haematology 

since these have been found to have a important influence 

on clinical events and on the type of supportive treatment 

to be instituted. 

For experimental material major use was made of a 

large number fj.eld cases presented for diagnosis and treatment 

at the Outpatient Clinic of the :B'acul ty of Veterinary Science 

at Onderstepoort. These were clinically assessed as belonging 

to one or othdr of three categories of severity and ~uitable 

specimens collected for laboratory evaluation. In a few 

instances dogs were artificially infected to clarify 

certain points but were on account of the artificiality of 

condi t.ions not regarded as the best clini.cal material. 

It was found that infected dogs could die from various 

causes: medical shock in peracute cases (particularly young 

dogs), liver failure, ki~ney failure, heart failure and 

occasionally pulmonary failure. Different combinations of 

these could be operative, and they could play an important 

part in morbidity and mortality even after elimination of 

parasites by appropriate specific chemotherapy. 

The bett~r understanding thus gained is designed to 
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serve as a guide to what clinico-pathological 

examinations are required and thence to life-saving 

supportive treatment. 

( 192) 
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