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The elevated serum urea:creatinine ratio in canine babesiosis in South
Africa is not of renal origin

M P de Scallya, A L Leisewitzb*, R G Lobettia and P N Thompsonc

INTRODUCTION
The early diagnosis of acute renal failure

in canine babesiosis is crucial. Azotaemia
is an important biochemical finding in
acute renal failure12. The serum concen-
trations of urea and/or creatinine are
commonly used as indicators of azotaemia
in canine babesiosis. Serum urea is
commonly elevated in canine babesiosis
in a manner disproportionate to serum
creatinine9. In a recent retrospective

study of approximately 400 Babesia canis
cases, the mean and median serum urea
concentrations were approximately double
the normal laboratory serum concentra-
tions, whilst mean and median serum
creatinine concentrations fell within
normal laboratory values9. Although it
was not evaluated, this phenomenon
would have caused an increased serum
urea:creatinine ratio.

The normal serum urea:creatinine ratio
reported in dogs is 10–15 (when calculated
using mg/d as the unit of measurement)28.
In human medicine a serum urea:creati-
nine ratio in an azotaemic patient of ≥ 20
indicates prerenal azotaemia, whereas a
serum urea:creatinine ratio of <20 in an
azotaemic patient indicates intrinsic renal
disease6. This would indicate that serum
urea is more likely to increase due to
prerenal factors than serum creatinine,
whereas both parameters are equally

likely to increase due to renal disease. It
has been speculated that this phenomenon
in canine babesiosis may be caused by a
falsely raised serum urea, a form of labo-
ratory error inherent in various test
methods34, or by prerenal azotaemia, or
by serum substances interfering with the
analysis of serum creatinine4,5,9,15,39. Some
of this speculation may have its origins in
the increased serum urea:creatinine ratios
found in cases of intestinal haemorrhage,
excessive protein loading or increased
protein catabolism, where hyperurea-
genesis is common32,37. It is hypothesised
that ammonia loading occurs in canine
babesiosis as a result of haemolysis,
blood transfusions and gastrointestinal
haemorrhage. This could lead to a non-
renal related elevation in serum urea
concentrations via hyperureagenesis and
could cause the increased serum urea:
creatinine ratio apparent in canine
babesiosis9,30,32. In humans reduced car-
diac output has been associated with a
raised urea:creatinine ratio and this could
play a role in babesiosis as there is
evidence of myocardial injury in this
disease3,10,11,23.

Although minimal intrinsic renal im-
pairment without overt renal failure has
been shown to be common in canine
babesiosis24, renal failure is a reported
complication of canine babesiosis infec-
tion16,40. It occurs in less than 3% of South
African canine babesiosis infections
and appears to be more common in the
haemoconcentrated form of the disease16.
When it does occur it is usually fatal24,40.
Typically canine babesiosis cases seen at
the Onderstepoort Veterinary Academic
Hospital (OVAH) with renal failure are
severely azotaemic, with both serum urea
and creatinine raised. In addition, cases
are frequently oliguric or anuric, with any
residual urine being darkly pigmented16.

Cystatin-C is a cysteine protease inhibi-
tor1,19. It is constantly produced by all
nucleated cells, it is freely filtered by the
glomerulus, it is metabolised by the
luminal tubular epithelium, and is without
significant unmetabolised tubular reab-
sorption33. As in human medicine13,20,33,
cystatin-C has been proposed as a more
sensitive marker of reduced glomerular
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ABSTRACT
Pigmented serum, usually due to free haemoglobin and/or bilirubin, is a common finding
in dogs with babesiosis, resulting in interference with all biochemical tests that rely on
photochemistry. This is particularly true of urea and creatinine determinations, complicating
the diagnosis of acute renal failure, which is a serious complication of babesiosis. A
disproportionately raised serum urea concentration of unknown origin occurs in severely
anaemic canine babesiosis patients and gives rise to an increased serum urea:creatinine
ratio. The assay for cystatin-C, an excellent measure of glomerular filtration rate, is
unaffected by free serum haemoglobin, and due to its different intrinsic origins, is free of
influence by the metabolic derangements and organ pathology, other than renal disease,
encountered in canine babesiosis. Serum cystatin-C was used to compare the concentra-
tions of serum urea and serum creatinine in dogs with the severely anaemic form of canine
babesiosis as well as a canine babesiosis-free reference group. Mean serum urea and mean
serum urea:creatinine ratio were significantly elevated in the babesia-infected group
relative to the reference population in this study. Mean serum creatinine and mean serum
cystatin-C were within the reference ranges. Therefore an elevated urea:creatinine ratio in
canine babesiosis in the presence of a normal serum creatinine concentration is considered
to be caused by an elevated serum urea concentration and is most likely of non-renal origin.
Serum creatinine was therefore as specific a measure of renal function as serum cystatin-C
in canine babesiosis in this study. The sensitivity of serum creatinine as a measure of renal
function was not established by this study. Serum urea, however, proved to be of little use
compared to serum cystatin-C and serum creatinine. Serum urea should therefore not be
used to diagnose renal failure in canine babesiosis.

Key words: azotaemia, canine babesiosis, creatinine, cystatin-C, prerenal azotaemia,
serum haemoglobin, urea.
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filtration rate than creatinine in dogs,
and thus an earlier indicator of renal
disease1,2,19. Serum haemoglobin, biliru-
bin, and triglycerides do not interfere
with the cystatin-C assay22. The human
test for cystatin-C has been validated for
canine use1.

In a recent study in humans in which
cystatin-C was compared with creatinine
in falciparum malaria, where renal failure
is common in both children and adults7,14,
it was shown that renal disease appears to
have been underestimated when using
creatinine as a screening test13. This may
have been due to intrinsic sensitivity
properties of the analyte or due to labora-
tory perturbations specific to the mea-
surement of creatinine in the presence of
haemolysis12,34,39. Serum creatinine usually
only becomes elevated once two-thirds of
renal function is lost. Furthermore the
by-products of haemolysis, namely biliru-
bin and haemoglobin, have been reported
to interfere with the spectrophotometric
analysis of creatinine. Because there appear
to be disease mechanisms in common
between canine babesiosis and human
falciparum malaria8, it is possible that
serum creatinine also underestimates
renal disease in canine babesiosis.

The objective of this study was to report
the presence of an increased serum
urea:creatinine ratio in canine babesiosis
and to determine whether the elevated
ratio originates from elevated serum urea
or depressed serum creatinine concentra-
tions or both, using serum cystatin-C
concentrations as a reference.

MATERIALS AND METHODS
This was a prospective study involving

25 dogs with babesiosis treated at the
OVAH (Group 1), and 13 normal refer-
ence dogs (Group 2). Dogs were included
in the babesia-infected group if they were
positive for babesia parasites on thin

blood smear and negative for macro-
scopic serum lipaemia and had a packed
cell volume of ≤0.2 / . Group 2 consisted
of clinically healthy dogs determined to
be free of canine babesiosis by thin blood
smear examination.

A serum sample was collected from the
jugular vein of each dog into 3 m serum
vacuum tubes. All the dogs in the study
also had a peripheral blood smear, PCV
(by whole blood centrifugation) and
urine specific gravity (collected by cysto-
centesis) performed. Samples were col-
lected prior to any treatment. Serum
chemistry was determined by the OVAH
Clinical Pathology Laboratory using the
following standard methods4,19,38.

Serum cystatin-C concentration was
measured using the particle-enhanced
turbidimetric immunoassay (Diagnostech,
Honeydew Dako Cytomation, Cystatin-C
PET kit, Denmark), designed for the
determination of human cystatin-C19.
Normal values were set at <1.7 mg/
according to the group of reference dogs
(group 2, n =13) used in this study. Serum
urea concentrations were measured using
the Technicon Method38 which is a modi-
fication of the enzymatic method of Talke
and Schubert for the RA-1000 analyser
(Bayer (Pty) Ltd Isando, SA). Normal
values were 3.6–8.9 mmol/ as established
in the OVAH Clinical Pathology Labora-
tory. Serum creatinine concentrations
were measured using the Technicon
Method35 which is a kinetic modification
of the Jaffé alkaline picrate reaction for the
RA-1000 analyser (Bayer (Pty) Ltd Isando,
SA). Normal values were <133 µmol/
as established in the OVAH Clinical
pathology Laboratory.

Serum urea, creatinine, cystatin-C
and serum urea:creatinine ratios were
measured or calculated for each dog. Urea
and creatinine were converted to mg/d
for the calculation of the serum urea:

creatinine ratio. Serum urea, creatinine,
cystatin-C and serum urea:creatinine
ratios were compared between the
groups using the Wilcoxon rank-sum test
for difference in medians. Two-tailed
tests were used and the significance level
was set at α = 0.05. A statistical software
package was used for data analysis (NCSS
2004, NCSS, Kaysville, Utah, USA).

RESULTS
A summary of the descriptive statistics

of the serum chemistry data is provided
in Table 1. Serum urea was above the
reference range in 17/25 anaemic dogs.
Serum urea was significantly elevated in
the anaemic babesiosis group compared
with the reference group (P < 0.001).
Serum creatinine was not elevated in any
of the 25 babesiosis dogs. Serum creati-
nine did not differ significantly between
the reference group and the babesiosis
group (P = 0.27). Serum cystatin-C was
not elevated (>1.7 mg/ ) in any of the
babesiosis dogs. Serum cystatin-C levels
did not differ significantly between the
reference group and the babesiosis group
(P = 0.45). The serum urea:creatinine
ratio was elevated in 23/25 babesiosis and
3/13 reference dogs. The urea:creatinine
ratio was significantly elevated in the
babesiosis group compared with the
reference group (P < 0.001). Free serum
haemoglobin was >1.6 g/ in 8/25
babesiosis dogs. Free serum haemoglobin
was significantly elevated in the anaemic
babesiosis group compared with the ref-
erence group (P = 0.002).

DISCUSSION
This study confirmed that serum urea is

often disproportionately increased relative
to serum creatinine and serum cystatin-C
in anaemic babesiosis dogs. It is therefore
not surprising that the serum urea:creati-
nine ratio was found to be significantly
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Table 1: Summary of serum chemistry data in canine babesiosis and human falciparum malaria cases.

Variable Group n Mean Standard Median Range P-value*
deviation (min–max)

Urea (mmol/ ) Babesiosis 25 12.8 6.7 11.8 03.9–32.8 <0.001
Control 13 5.1 1.9 4.3 3.0–8.9

Creatinine (µmol/ ) Babesiosis 25 72.1 24.6 67.0 022–119. 0.27
Control 13 78.7 16.6 75.0 056–114

Cystatin-C (mg/ ) Babesiosis 25 0.71 0.39 0.7 0.0–1.4 0.45
Control 13 0.67 0.085 0.7 0.48–0.77

Urea:creatinine ratio calculated Babesiosis 25 46.3 21.7 41.4 17.3–94.9 <0.001
using mg/d Control 13 15.9 4.2 15.4 11.2–25.0.

Human Malaria 363 20.6 9.5 18.8 05.4–64.0
group

Serum free Hb (g/ ) Babesiosis 25 1.72 1.06 1.3 0.7–5.1. 0.002
Control 13 0.88 0.48 0.8 0.0–1.6

*P-value for the Wilcoxon-rank sum test for differences in medians between babesiosis and control groups.



elevated in these dogs, with a number of
dogs showing markedly increased ratios.
Mean serum urea concentrations were
significantly elevated in the babesiosis
group in the presence of normal mean
serum creatinine and serum cystatin-C
concentrations. With cystatin-C consid-
ered free of the perturbations that serum
urea and serum creatinine are subject to
we can conclude that an elevated serum
urea concentration in canine babesiosis in
the absence of an elevated serum
creatinine concentration does not reflect
significant renal dysfunction. Serum
creatinine thus proved to be a more
specific indicator of significant renal
dysfunction in canine babesiosis than
serum urea. In fact, serum urea was so
commonly elevated in the presence of a
normal serum cystatin-C concentration
that it can be said that urea should never
be used alone (or even at all) to assess renal
function in canine babesiosis.

The elevated serum urea concentra-
tions encountered therefore represent
either a form of laboratory error in the
measurement of serum urea or serum
creatinine, a form of pre-renal azotaemia,
or a form of hyperureagenesis from
substrate loading. The most likely cause
of laboratory error would be photometric
interference by free serum haemoglobin
causing a positive bias on the measure-
ment of serum urea concentrations and a
negative bias on serum creatinine concen-
trations9,15,34,38. Free serum haemoglobin
was significantly elevated in the anaemic
babesiosis group compared with the
control group in this study. Serum urea
was measured by an enzymatic UV
method38. This method has its absorbance
spectra at wavelength 340 nm. This falls
within the 300–500 nm range of high
intrinsic absorbance that free serum
haemoglobin displays4,5. Therefore it may
be that a proportion of the elevated
concentrations of serum urea encoun-
tered in the anaemic babesiosis group is
a result of laboratory error in which free
serum haemoglobin causes a positive bias
on its measurement. Retrospectively
calculated urea:creatinine ratios (unpub-
lished data) in a study where comparative
concentrations of free serum haemoglo-
bin to those encountered in canine
babesiosis were infused into dogs to
measure the effect on the kidney, were
however normal25. This indicates that free
serum haemoglobin alone is not likely to
be the cause of the elevated serum urea
encountered in this study. Other potential
causes of prerenal azotaemia in humans
and dogs include dehydration, hypoten-
sive shock, cardiac disease and rhabdo-
myolysis3,11,17,28.

There are several possible pathophysio-

logical explanations for the dispropor-
tionate increase in urea in canine babesia
infections. Malaria studies have shown
that total body water may be depleted in
this disease27. It has been postulated that a
similar event may occur in canine
babesiosis36. Serum urea may increase
before serum creatinine in an acute
hypovolaemic state6. Hypotensive shock
is thought to be a possible cause of renal
failure in severe human falciparum
malaria patients21,31,41. Hypotension has
been reported in both complicated and
severe uncomplicated canine babesiosis
dogs18. In a human study on causes of an
increased urea:creatinine ratio, chronic
congestive cardiac disease was found to
be major contributor3. There is some
evidence for cardiac pathology in canine
babesiosis10,23. The reporting of two cases
of rhabdomyolysis and a significant
increase in creatine kinase activity in
South African canine babesiosis has led to
speculation that increased muscle catabo-
lism may account for the disproportionate
increase in serum urea concentrations
compared to serum creatinine concentra-
tions observed17,40. Other possible sources
of substrate for hyperureagenesis may
include erythrocyte components released
during haemolysis and blood from gastric
ulceration30,32. A gastrointestinal (GIT)
form of canine babesiosis has been de-
scribed in South Africa28 Pancreatitis has
been shown to be a complication follow-
ing babesiosis in a few dogs30. According
to Maegraith26, the erythrocyte count may
fall by 1 × 1012/ of blood/day of babesia
infection. This represents a daily loss of
approximately 12.5 % of the dog’s RBC.
The normal percentage loss of RBC per
day is 0.9 %. This means that during
severe haemolysis 14 times the normal
daily haemoglobin load on the body can
occur.

Concentrations of both plasma ammo-
nia and serum urea may also increase
during a severe catabolic state due to the
deamination process involved in using
tissue proteins as an energy source. A
catabolic state is likely in anaemic canine
babesiosis dogs because of systemic
inflammation, decreased appetite, tissue
hypoxia, metabolic acidosis, pyrexia and
the increased work of breathing. Substan-
tial catabolism of endogenous proteins
was found in critically ill dogs in a study
by Michel29. Hyperureagenesis therefore
remains a potential cause of the elevated
serum urea:creatinine ratio seen in canine
babesiosis.

Although the study was not designed to
compare babesia-induced renal failure
with babesia without renal failure, over
the time during which material was
collected for this study, 3 cases of the

haemoconcentrating form of babesia
infection were seen. These dogs had a
mean haematocrit of 0.54 / . One of these
dogs had a mildly elevated serum urea
(13 mmol/ ) in the presence of a normal
serum creatinine (86 µmol/ ) and serum
cystatin-C (0.6 mg/ ) concentrations. The
urea:creatinine ratio for this case was
37.43 and the dog made a full recovery.
The second dog also had a mildly elevated
serum urea (14.4 mmol/ ) but in the
presence of mildly elevated serum creati-
nine (171 µmol/ ) and serum cystatin-C
(2.6 mg/ ) concentrations. The urea:creati-
nine ratio for this case was 20.85 and this
dog also made a full recovery. The third
dog had acute renal failure proven on post
mortem examination and histopathology.
The serum urea in this dog was markedly
elevated (41.8 mmol/ ) in the presence of
markedly elevated serum creatinine
(608 µmol/ ) and serum cystatin-C
(5.7 mg/ ). The urea:creatinine ratio in this
dog was 17.02. This small group of dogs
reinforces the findings of the larger group
namely that urea is not useful in the
detection of acute renal failure and that
cystatin-C and creatinine are as useful as
one another for making this diagnosis. It
is also interesting to note that in the case
with proven acute renal failure, cystatin-C
concentration tracked the change in
creatinine concentration.

We conclude that serum urea is often
elevated due to non-renal factors in
canine babesiosis dogs, which causes an
elevated serum urea:creatinine ratio. The
cause of the elevated ratio remains unde-
termined, but may be as a result of labora-
tory error, pancreatitis, gastric ulceration,
hypovolaemia, hypotensive shock, cardiac
disease or hyperureagenesis. Therefore,
serum urea concentration should not be
used as an indicator of reduced glomeru-
lar filtration in canine babesiosis. The
authors advocate the measurement of
serum creatinine and hourly urine pro-
duction to detect significant renal disease
in canine babesiosis dogs. There appears
to be no added benefit to be derived from
the measurement of serum cystatin-C
concentrations in canine babesiosis.

ACKNOWLEDGEMENTS
Thanks to Professor Fred Reyers for

giving us the initial idea of this project,
Ms Elsbe Myburgh for her dedication in
producing accurate laboratory test results
and the Theriogenology Section of the
Onderstepoort Veterinary Academic
Hospital for providing the control group.

REFERENCES
1. Almy F S, Christopher M M, King D P,

Brown S A 2002 Evaluation of cystatin C
as an endogenous marker of glomerular
filtration rate in dogs. Journal of Veterinary

0038-2809 Jl S.Afr.vet.Ass. (2006) 77(4): 175–178 177



Internal Medicine 16: 45–51
2. Antognoni M T, Siepi D, Porciello F, Fruganti

G 2005 Use of serum cystatin C determina-
tion as a marker of renal function in the dog.
Veterinary Research Communications 29,
Suppl 2: 265–267

3. Aronson D, Mittleman M A, Burger A J 2004
Elevated blood urea nitrogen level as a
predictor of mortality in patients admitted
for decompensated heart failure. The
American Journal of Medicine 116: 466–473

4. Bauer J D 1980 Laboratory investigations of
haemoglobin. In Sonnienwirth A C, Jarret L
(eds) Gradwohl’s clinical laboratory methods
and diagnostics. CV Mosby, London: 809–902

5. Blank D W, Kroll M H, Ruddel M E, Elin R J
1985 Hemoglobin interference from in vivo
hemolysis. Clinical Chemistry 31: 1566–1569

6. Brady H R, Brenner B M 1994 Acute renal
failure. In Isselbaher K J, Braunwald E,
Wilson J D (eds) Harrison’s Principles of
internal medicine. McGraw-Hill, Columbus:
1265–1274

7. Burchard G D, Ehrhardt S, Mockenhaupt F
P, Mathieu A, Agana-Nsiire P, Anemana S D,
Otchwemah R N, Abel W, Brattig N 2003
Renal dysfunction in children with uncom-
plicated, Plasmodium falciparum malaria in
Tamale, Ghana. Annals of Tropical Medicine
and Parasitology 97: 345–350

8. Clark I A, Jacobson L S 1998 Do babesiosis
and malaria share a common disease
process? Annals of Tropical Medicine and
Parasitology 92: 483–488

9. de Scally M P, Lobetti R G, Reyers F,
Humphris D 2004 Are urea and creatinine
values reliable indicators of azotaemia in
canine babesiosis? Journal of the South
African Veterinary Association 75: 121–124

10. Dvir E, Lobetti R G, Jacobson L S, Pearson J,
Becker P J 2004 Electrocardiographic
changes and cardiac pathology in canine
babesiosis. Journal of Veterinary Cardiology 6:
15–23

11. English M C, Waruiru C, Lightowler C,
Murphy S A, Kirigha G, Marsh K 1996
Hyponatraemia and dehydration in severe
malaria. Archives of Disease in Childhood 74:
201–205

12. Finco D R 1997 Evaluation of renal func-
tions. In Finco D R (eds) Canine and feline
nephrology and urology. William & Wilkins,
Philadelphia: 216–229

13. Gunther A, Burchard G D, Slevogt H, Abel
W, Grobusch M P 2002 Renal dysfunction in
falciparum-malaria is detected more often
when assessed by serum concentration of
cystatin C instead of creatinine. Tropical
Medicine & International Health 7: 931–934

14. Gunther A, Grobusch M P, Slevogt H, Abel
W, Burchard G D 2003 Myocardial damage
in falciparum malaria detectable by cardiac
troponin T is rare. Tropical Medicine and
International Health 8: 30–32

15. Jacobs R M, Lumsden J H, Taylor J A, Grift E
1991 Effects of interferents on the kinetic
Jaffe reaction and an enzymatic colori-
metric test for serum creatinine concentra-
tion determination in cats, cows, dogs and
horses. Canadian Journal of Veterinary
Research 55: 150–154

16. Jacobson L S 2006 The South African form of
severe and complicated canine babesiosis:
clinical advances 1994–2004. Veterinary
Parasitology 138: 126–139

17. Jacobson L S, Lobetti R G 1996 Rhabdo-
myolysis as a complication of canine
babesiosis. Journal of Small Animal Practice
37: 286–291

18. Jacobson L S, Lobetti R G, Vaughan-Scott T
2000 Blood pressure changes in dogs
with babesiosis. Journal of the South African
Veterinary Association 71: 14–21

19. Jensen A L, Bomholt M, Moe L 2001 Prelimi-
nary evaluation of a particle-enhanced
turbidimetric immunoassay (PETIA) for the
determination of serum cystatin C-like
immunoreactivity in dogs. Veterinary Clini-
cal Pathology 30: 86–90

20. Jung K, Jung M 1995 Cystatin C: a promis-
ing marker of glomerular filtration rate to
replace creatinine. Nephron 70: 370–371

21. Krishnan A, Karnad D R 2003 Severe
falciparum malaria: an important cause of
multiple organ failure in Indian intensive
care unit patients. Critical Care Medicine 31:
2278–2284

22. Kyhse-Andersen J, Schmidt C, Nordin G,
Andersson B, Nilsson-Ehle P, Lindstrom V,
Grubb A 1994 Serum cystatin C, determined
by a rapid, automated particle-enhanced
turbidimetric method, is a better marker
than serum creatinine for glomerular filtra-
tion rate. Clinical Chemistry 40: 1921–1926

23. Lobetti R, Dvir E, Pearson J 2002 Cardiac
troponins in canine babesiosis. Journal of
Veterinary Internal Medicine 16: 63–68

24. Lobetti R G, Jacobson L S 2001 Renal
involvement in dogs with babesiosis. Jour-
nal of the South African Veterinary Association
72: 23–28

25. Lobetti R G, Reyers F, Nesbit J W 1996 The
comparative role of haemoglobinaemia
and hypoxia in the development of canine
babesial nephropathy. Journal of the South
African Veterinary Association 67: 188–198

26. Maegraith B, Gilles H M, Devakul K 1957
Pathological processes in Babesia canis
infections. Zeitschrift fur Tropenmedizin und
Parasitologie 8: 485–514

27. Maitland K, Pamba A, English M, Peshu N,
Marsh K, Newton C, Levin M 2005 Ran-
domized trial of volume expansion with
albumin or saline in children with severe
malaria: preliminary evidence of albumin
benefit. Clinical Infectious Diseases 40: 538–545

28. Malherbe W D, Parkin B S 1951 Atypical
symptomatology in Babesia canis infection.

Journal of the South African Veterinary Associa-
tion 22: 25–36

29. Michel K E, King L G, Ostro E 1997
Measurement of urinary urea nitrogen
content as an estimate of the amount of
total urinary nitrogen loss in dogs in
intensive care units. Journal of the American
Veterinary Medical Association 210: 356–359

30. Mohr A J, Lobetti R G, Van der Lugt J J 2000
Acute pancreatitis: a newly recognised
potential complication of canine babesiosis.
Journal of the South African Veterinary Associa-
tion 71: 232–239

31. Naqvi R, Ahmad E, Akhtar F, Naqvi A, Rizvi
A 2003 Outcome in severe acute renal
failure associated with malaria. Nephrology,
Dialysis, Transplantation 18: 1820–1823

32. Prause L C, Grauer G F 1998 Association of
gastrointestinal hemorrhage with increased
blood urea nitrogen and BUN/creatinine
ratio in dogs: a literature review and retro-
spective study. Veterinary Clinical Pathology
27: 107–111

33. Randers E, Erlandsen E J 1999 Serum
cystatin C as an endogenous marker of the
renal function – a review. Clinical Chemistry
and Laboratory Medicine 37: 389–395

34. Reyers F, Myburgh E 2000 The effect of
sample colour on the results produced by
dry- and wet chemistry analysers. Proceedings
of the World Small Animal Veterinary Associa-
tion and FECAVA Congress, Amsterdam,
Holland, 507

35. Rossignol B D R, Petit C 1984 Improvement
of creatinine measurement on RA-1000.
Clinical Biochemistry 17: 203–204

36. Schetters T P, Kleuskens J, Scholtes N,
Gorenflot A 1998 Parasite localization and
dissemination in the Babesia-infected host.
Annals of Tropical Medicine and Parasitology
92: 513–519

37. Simao C, Stone R, Almeida M 2003 Kidney
failure associated with Plasmodium falci-
parum infection. Acta Medica Portuguesa 16:
93–95

38. Tiffany T O, Jansen J M, Burtis C A, Overton
J B, Scott C D 1972 Enzymatic kinetic rate
and end-point analyses of substrate, by use
of a GeMSAEC fast analyzer. Clinical
Chemistry 18: 829–840

39. Weber J A, van Zanten A P 1991 Interferences
in current methods for measurements of
creatinine. Clinical Chemistry 37: 695–700

40. Welzl C, Leisewitz A L, Jacobson L S,
Vaughan-Scott T, Myburgh E 2001 Systemic
inflammatory response syndrome and
multiple-organ damage/dysfunction in
complicated canine babesiosis. Journal of the
South African Veterinary Association 72:
158–162

41. Zinna S, Vathsala A, Woo K T 1999 A case
series of falciparum malaria-induced acute
renal failure. Annals of the Academy of
Medicine, Singapore 28: 578–582

178 0038-2809 Tydskr.S.Afr.vet.Ver. (2006) 77(4): 175–178



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


