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THE EFFECT OF ENDOGENOUSLY PRODUCED CARBON MONOXIDE ON 
THE OXYGEN STATUS OF DOGS INFECTED WITH BABESIA CANIS 
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ABSTRACT 
Carboxyhaemoglobin fractions were found to be significantly higher 
(p<0,05) in dogs (n::5) with severe babesiosis than in control subjects 
(n=5). The enzymatic conversion of haem to biliverdin by haem oxygenase 
is the only known sourc~ of endogenous carbon monoxide. We propose 
that the increased production of endogenous carbon monoxide following 
the haemolysis associated with babesiosis, results in the 
carboxyhaemoglobinaeroia observed in this study. The superimposition of 
carboxyhaemoglobinaemia on severe anaemia results in further 
compromise of the oxygen status of dogs with severe babesiosis, and 
probably plays a role in the pathogenesis of the hypoxic tissue dam!ge 
associated with this condition. 
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INTRODUCTION 
Babesia canis infection of dogs often 
results in tissue hypoxia which increases 
anaerobic tissue metabolism, production 
of metabolic acids, shock and· death I. 
The transport of oxygen from the lungs 
to the tissues depends on haemoglobin 
function. Maegraith et al. observed a left 
shift of the oxygen disso<;iation curve 
(ODC), and hypoxic effec~s that were 
similimar to those associated with canine 
babesiosis, in normal dogs following 
s~bcutaneous injection of sodium 
nltrate2. These authors were, however, 
unable to detect methaemoglobin in the 

blood of dogs infected with B. canis. 
They therefore speculated that the 
hypoxic tissue damage that occurs with 
canine babesiosis was due to local 
factors within the tissues themselves2

• 

Following haemolysis, haem is 
metabolised, iron is salvaged and 
biliverdin formed. This reaction is 
catalysed by haem oxygenase. The 
enzyme specifically catalyses the 
cleavage of the a-methene bridge. This 
pathway requires molecular oxygen and 
produces carbon monoxide (CO) as a 
metabolite7. The a-methene carbon is the 
only known endogenous source of C07. 
The affinity of CO for the iron of haem 
is 218 times greater than that of oxygen6

• 

• It competes with 02 for binding sites on 
S ~Partment of Physiology, Faculty of Veterinary the haem, thus lowering the effective 
o~lence, University of Pretoria, Private Bag X04, haemoglobin concentration of the blood. 
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. that the remaining binding sites have 
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This, however, decreases the ability of 
haemoglobin to off-load oxygen at the 
tissuess. 

The advent of accurate multi wave
length oximeters for in vitro mea
surement of oxygen saturation, hae
moglobin concentration, and carboxy
and methaemoglobin fractions has 
resulted in the development of a number 
of new parameters to describe the 
oxygen status of patientsS 

6. The oxygen 
extraction tension (P x) is one such 
parameters. P. is defined as the oxygen 
tension required to extract 2,3 mmol of 
oxygen per litre of blood (at constant pH 
and pC02). This parameter integrates the 
effects of changes in arterial p02, oxygen 
capacity, and oxyhaemoglobin affinity 
on the delivery of 02 to the tis suess. At 
present, P. appears to be the most 
relevant parameter for evaluating the 
overall arterial oxygen status3

• 

The purpose of the present 
investigation was to compare the 
carboxy- and methaemoglobin 
concentrations of blood from dogs with 
B. canis infections with that of clinically 
healthy dogs. Furthermore, the 
theoretical effects of increased 
carboxyhaemoglobin concentrations on 
the oxygen status of dogs with clinical 
babesiosis were investigated. 

. MATERIALS AND METHODS 
Anaerobic, heparinised blood samples 
were collected aseptically from the 
cephalic veins of control dogs (n=5) and 
dogs with natural B. canis infections 
(n=5). The control group comprised 5 
clinically healthy dogs. The 5 principal 
subjects were all presented at the 
Outpatients Clinic of the Faculty of 
Veterinary Science, University of 
Pretoria. Clinical examination revealed 
that all subjects were pyrexic and 
examination of a stained blood smear 
(CAMS Quick stain, C.A. Milsch (Pty) 
Ltd) showed the presence of B. canis 
parasites. Four of the 5 subjects were 
also severely anaemic. Due to the 
severity of the condition in all of the 
subjects, they Were admitted for further 
investigation. Blood samples were 
collected prior to the administration of 
any therapeutic agents. 

The total haemoglobin concentration 
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(c;tHb), carboxyhaemoglobin fraction 
(FCOHb) and methaemoglobin fraction 
(FhletHb) of the blood samples were 
measured using a semi-automated 
haemoximeter (OSM3, Radiometer NS, 
Copenhagen). The instrument was 
calibrated using the standard calibration 
procedures and standard solutions 
(Hemoximetry-Qualicheck, Radiometer 
NS, Copenhagen) were processed prior 
to, and following analysis of samples. 

The oxygen status algorithm6 was used 
to calculate estimates of the oxygen 
extraction tension (P,) for a healthy dog, 
an anaemic dog and a dog with anaemic 
and concurrent carboxyhaemoglo
binaemia. The means of the FCOHb and 
FMetHb of blood from control and 
principal subjects were compared using 
an analysis of variance procedure in 
SAS4

• Significance was set at P<O,05. 

RESULTS 
The haemoximetry data are summarised 
in Table 1. The mean of the FCOHb of 
blood from the dogs with clinical 
babesiosis was significantly greater than 
that of the control group of dogs. The 
means of FMetHb did not differ sig
nificantly between the 2 groups. The 
oxygen binding curves of blood derived 
for a dog with a ctHb of 160 g &1 and a 
FCOHb of 1,1 %, for a dog with a ctHb 
'of 47 g &1 and a FCOHb of 1,1% and for 
a dog with a ctHb of 47 g fl and a 
FCOHb of 5,2% are depicted in Fig. 1. 
The estimated oxygen extraction 
tensions (P,) of the blood from the 
normal dog, the anaemic dog and the 
dog with anaemia and concurrent car
boxyhaemoglobinaemia were 38,6, 15,4 
and 12,7 mm Hg, respectively. 

DISCUSSION 
This study revealed that there was a 
significant increase in the carboxy-, 
haemoglobin fraction of blood obtained 
from dogs with severe babesiosis. This 
increased FCOHb was associated with a 
marked anaemia in 4 of the 5 principal 
subjects (mean ctHb of 47 g fl). The 
mean methaemoglobin fractions of 
blood from control'dogs and babesiosis 
cases were not significantly different. 
This finding' supports that of a previous 
study in dogs2

• In man, a P, of less than 
33,75 mmHg is considered to be 
indicative of tissue hypoxia'. The P, 
value calculated for a dog with a ctHb of 
47 g &1 was 15,4 mmHg. This value was 
approximately 40% that of a normal dog 
with a ctHb of 160 g fl. The 
superimposition of a FCOHb of 5,2% 
upon a ctHb of 47 g &1 resulted in a P, of 
12,7 mmHg. This implied that the 
oxygen status 'of the dog with concurrent 
carboxyhaemoglobinaemia and anaemia 
was approximately 20% worse than that 
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Tablel: Total haemoglobin concentration, carboxy haemoglobin and Illet. 
haemoglobin fractions of blood from healthy dogs and dogs with sevet~ 
clinical babesiosis -Control (n=5) Babesia canis infected (n=5) 

Mean SD Range Mean SD Range -ctHb (g &1) 159,4 18,5 133,0-185,0 70,8 54,7 39,0-168,0 
FCOHb (%) 1,1 * 0,2 
FMetHb(%) 0,0 0,0 

SD - Standard deviation 
ctHb - total haemoglobin concentration 
FCOHb - Carboxyhaemoglobin fraction 
FMetHb - Methaemoglobin fraction 

0,8-1,4 3,0* 1,3 1,6-5,2 
0,0-0,0 0,8 0,4 0,5-1,0 

-

*- Signifies that the means are significantly different (P<0,05) 
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Fig. 1: Derived blood oxygen binding curves of blood from a normal dog, from 
an anaemic dog and from a dog with anaemia and concurrent 
carboxyhaemoglobinaemia. The arterial blood oxygen tension was taken 
to be 90,0 mmHg in all cases. 

of a dog with anaemia alone. The 
metabolic salvaging of iron from haem 
is viewed as an essential homeostatic 
mechanism7,. This pathway uses O2 and 
produces endogenous CO as a 
metabolite. Normally the CO produced 
by this reaction is slowly excreted via 
the respiratory tract and is of little 
physiological consequence. Following 
severe haemolysis, however, the amount 
of CO produced by haem oxygenase 
may have physiologically significant 
effects. These effects include a marked 
shift to the left of the ODC and a 
reduced effective haemoglobin 
concentration, resulting in further 
compromise of the oxygen status of the 
already anaemic animal. The increased 
FCOHb with concurrent reduced 
haemoglobin concentration, is analogous 
to a superimposition of CO toxicity upon 

the pathogenesis of the severe tissue 
hypoxia often associated with this 
condition. In the light of these findings, 
further study of the oxygen status of the 
blood in less severe cases of canine 
babesiosis, and in babesiosis of other 
domestic animal species should be 
undertaken. Our findings also suggest 
that therapy of severe babesiosis should 
be aimed at radical improvement of the 
oxygen status of the patient. This could 
include blood transfusion with cross
matched blood, thus limiting further 
potentially disastrous oxidation of haem, 
oxygen therapy and measures to shift the 
ODC to the right. The effect of such 
threapeutic measures could be 
quantitated using the recently developed 
parameters describing the oxygen status 
of blood. 
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Book reviewIBoekresensie 

DISEASES AND MANAGEMENT OF BREEDING STALLIONS 

D D VARNER, J SCHUMACHER, T L BLANCHARD and L JOHNSON 

American Veterinary Publications, Inc., 5782 Thornwood Drive, Goleta, CA 93117 1991, pp 349, 215 figures and 
5 tables. Price $44.50 (ISBN 0-939674-33-5) . 

The contents of this very informative text is divided into 16 chapters each with its own reference list. The first 4 
chapters deal with normal processes and procedures including reproductive anatomy and physiology, breeding 
soundness evaluation, management of breeding stallions and semen collection and preservation. Spermatogenesis 
and sperm morphology feature strongly in the first 2 chapters with excellent additional information being 
provided in the many figures included in these 2 chapters. There is, however, in my opinion, the unfortunate use 
of terms such as "predicting stallion fertility" (p 63) and "fertility examination" (with breeding soundness as an 
alternative, p 94) in the chapter on breeding soundness evaluation. 

The chapter on management of breeding stallions includes detailed sections on estimation of a stud book as well 
as aruficial insemination programmes. In support of the latter, Chapter 4 then deals with a detailed exposition of 
semen collection, handling and preservation techniques. 

Chapter 5 contains a concise explanation of castration techniques and postoperative complications while 
Chapter 6 deals with sexual behaviour dysfunctions including lack of libido, erection failure, 
mounting/intromission abnormalities, ejaculatory dysfunction and aggressive behaviour. 

Chapters 7-15 deal with diseases and conditions of the genital organs and tract in ascending order from scrotum 
to prepuce. Where applicable, the contents of each chapter is divided into diagnostic and therapeutic 
considerations, congenital and familial diseases, physical conditions, toxic diseases, 
infectious/inflammatory/immune diseases, idiopathic diseases, neoplasia and multifactorial diseases/conditions. 

Intersexual conditions are dealt with in the chapter on scrotal diseases; cryptorchidism in the chapter on 
testicular diseases; epididymal diseases and diseases of the tunica vaginalis in separate chapters, the latter also 
including hydrocoele and inguinal/scrotal herniation. A separate chapter is devoted to diseases of the spermatic 
cord including torsion. Subsequent chapters (12-15) deal with the accessory sex organs, uethra, penis (including 
paraphimosis, paralysis, priapism, phallopexy, amputation and infectious conditions) and prepuce (including 
phimosis and sarcoid). 

The last chapter contains a discussion of diseases/conditions affecting semen including haemospermia, 
urospermia, abnormal morphology, abnormal sperm motility and oligo-/azoospermia. 

I believe this to be a useful book for equine practitioners and students of diseases and amangement of breeding 
stallions and recommend it as such. Of particular value is the fact that each chapter contains references to all 
possible conditions/diseases with cross references to the chapters of specific importance relevant to the 
condition/disease. 

H M Terblanche 
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