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SUMMARY: Because of the high prevalence of Cooperia punctata in Brazilian herds, an experiment was
conducted to examine the water, nitrogen balance and body composition changes, in calves infected with
that nematode. Four helminth-free males Friesan calves, four-months-old received a daily infection of
20,000-C. punctata infective larvae, for a two-week period. Five days before and at the third week after the
beginning of infection the calves were housed in metabolic cages for body composition and nutritional
studies. They were all injected with 1 MBq of tritiated water per kg body weight. Fecal, urine and blood
samples weré daily collected during the metabolic observations. Egg counts and PVC examinations were
conducted throughout the experiment. The calves were necropsied twenty-four days after the beginning of
infection. The mean worm burden at necropsy was 26,6431 12,028 C. punciata. There were no changes
in the PVC parameters. The first eggs were passed out in feces on the 15th day. The study showed a
tendency for decrease in the half-life and fractional turnover rate as well as a significant (p< 0.05) decrease
in the total body water and fat free weight. The infection did not appear to affect adversely the water
balance, although the mean fecal output and fecal water excretion were lower in the infected animals. A
significantly {(p<0.05) change in the nitrogen (N) balance was also observed, with lower N intake and
reduction in the N retention by infected calves. A significant urinary N loss and decrease in the fecal N
excretion affected these changes.
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INTRODUCTION

Couperig sp.1s a common and widely distributed helminth
of cattle. In Brazil four species of this genus are present; C.
punciata, €. pectinata, C. oncophora and C. spatulata. C,
punctata s the prevalent species throughout the Country
{HONER & VIEIRA-BRESSAN, 1992).

An epidemiological study conducted with beef cattle in
the Cenrer-West Region showed 75.8% of Cooperia spp.
among the gastrointestinal nematodes recovered in
necropsies; (. puncrata represented 92% of this genus
(BIANCHIN ¢t erdii, 1990). Similar results were observed in beef
cultle of the Southeast (LIMA et alii, 1990) and South Region
{RASSIER e alii. 1990). Notwithstanding the differences of

chimate and manazgement in those regions, animals submitted
10 post-mortern exarninations were infected by 78.3% and 90%
of Cooperia spp. respectively, and again the prevalent species
was Cooperia punciata. VIEIRA-BRESSAN ef afii (1989)
found C. puncrata as the prevalent helminth in epidemiclogical
studies of dairy cattle in the Southeasiern Region. This worm
was recovered from all tracer and permanent animals
throughout the year with peaks at the end of spring and sunmer.

In spite of the high incidence of this parasite in cattle, only
scarce publications are available on the pathophysiological
effects of the bovine infection. The infection by C. oncophora
causes anorexia, weight loss, leakage of plasma proteins in
the intestinal lumen and a significant reduction of nitrogen
retention (ARMOUR et afii, 1987). Concurrent infections by ('
punciata and Haemonchus placei produced significant protein
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teukage i the intestinal lumen and hypoalbuminemia in the
infected animals. showing that in mixed infections by those
parasites C. punctatashould have an important role in changes
of the albumin metabolism (VIEIRA-BRESSAN e afif, 1953).

Based on such evidences, the present study was designed
to investigate changes in water balance and metabolism,
nitrogen balance, and body composition of calves after
multiple infection by C. punctata.

MATERIALS AND METHODS

Animals: Holstein-Friesan calves, tfour-months-old, mean
body weight ol 136 kg at the beginning of experiment, reared
helminth-free, fed with powder dry milk (DU Balde
Anhanguera) up to the 4th month, and gradually weaned at
this uge. After this, calves recetved daily one kg ol commercial
feed (Ternerina-Purina) and one kg of hay (Coast-cross,
Cvnodon dactvion). Water was given ad [ibitum.

Experimental design: Calves were daily infected for two weeks
with 20.000 infective larvae of Cooperia punciata given by
the oral route.

Before the infection. for five days and after the third week
of infection, also for five days, animals were kept in metabolic
cages, They were submitted to metabolic studies with tritiated
waler ¢ TOH) and nutritional studies such as the nitrogen
baiance. During these pertods, samples of blood, feces and
urine were daily collected: the intake of food and water, as
well as the output of feces and urine were meusured.

Animals were weighed once a week, blood and fecal
samples were taken for hematological and parasitic studies.

Calves were necropsied twenty-four days afler the
beginning of intection. to assess the helminth burdens.
Parasitic techniques: Strains of C. puncrara trom field isolates
have been maimtained since 1990 in worm-free calves in the
“Departamento de Parasitologia do Instituto de Ciéncias
Riomédicas da Universidade de Sdo Paulo” and the “Biotério
de Grandes Animais-ICB/USP™. Infective larvae obtained trom
larval cultures, not older than 15 days were kept at room
temperature up to the moment of being used. Calves were
daily infected with 20,000 L., for two wecks. Feecal cgg counts
were carried out once a week, by means of a modified Mac
Master technique (WIHTLOCK, 1948). At necropsy, the small
intestine was removed, opened along its entire length and ity
contents collected m a bucket. The mucosa was rinsed twice
I waler. After this, the intestine was immersed in a bath of
sodium chlonde solution 0.85% at 42°C for 12 hours to allow
the detachment of nematodes. The total collected washings
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were made up to a known volume of water and two 10%
aliquots were taken for later examination. All recovered
C. punctata specimens of one these aliquots were counted.

Radioisotope techniques: Radioisotope studies using tritrated
water (TOII) were done twice for five days periods. The first
study was conducted before the experimental infection; the
second started three weeks after the patent period. A stock
solution of tritiated water containing 70 MBg ml ', was
prepared. Each calf was injected through a catheter inserted
in the jugular vein with | MBg kg ' of TOH diluted in sodium
chloride 0.85% solution. Plasma samples were collected 2. 3.
4, 5 and 6 h. after injection, This was followed by daily
collections from Day 1 1o Day 5.

Radioisotope techniques, total body water (FBW) tritium
hati-life (T1/2) and turnover determinations were calculated
by dilution, using plasma values extrapolated by the
disappearing rate of TOIT in plasma. according to VIEIRA-
BRESSANef alii (1992).

The composition of body solids was calculated
according to a regressive equation with corrections for
body water suggested by MEISSNER et a/ii, {1990). This
calculation used the previously determined TBW and
living body weights recorded by the time TOH was
injected.

Feed and water intake; excretion of feces and urine: Calves
were put in metabolic cages a week before sampie
collection for studies of nitrogen and water balance.
Special bags for feces retention were attached to cach
amimal. Water, feed and hay were supplied twice a day,
after thoroughly weighed. Feces and urine voided were
also weighed, pooled and samples of 5% or 10% were
stored at  20°C. Plastic containers used for urine
collection were previously acidified with sulfuric acid 12N
(MARTIN, [966).

Metabolic water and fosses by evaporation of body water
were calculated by the indirect method suggested by VERMA
el al. (1980). The dry matter contents of the daily-pooled
samples of hay concentrate feed and feces were estimated
alter drying at 103° C for 24 h.

Nitrogen determination was dircctly made by the assay
of total nitrogen by using the macro and micro Kjeldahl
methods for feces and food and urine samples. respectively
{AOAC, 1980).

Statistical Analysis: Txata was analyzed by the analysis of
variance. Where effects were signiticant (p<0.415), differences
between means (+ standard deviation) of each observed
parameter, before and after infection, were compared wtth the
Tukey test (SAS, 1985).
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RESULTS

Clinical observations: Two infecled calves showed soft feces
on the third week after infection but recovered at the beginning
ol the fourth week. There was some anorexia after the third
week, but no significant differences were observed in the mean
weight gains (Table 1) or either in the packed cell volumes
(PCV) throughout the study (Figure 1),

Table 1 - Water balance and body composition in calves before and
after infection with Cooperia puctata.

Live T2 Turnover TBW* Fat* Fal free
Treatment  Weight Weight*
{kg) (hs) (mld'bw) (%bw) (%bw)  (S%hbw)
Infected 141.57 116.10 73.31 50.80 B82.82 37.19
n=4 t t = + 1 +
1112 6.0 3.71 097 071 0.71
No Infected 136.77 14313 88.78 74.07 4578  54.22
n=4 + - + + - +
8.49 9.73 3.64 216 1.58 1.58
n= number of calves per group *p<Q.05

Parasitic data: Positive fecal egg counts were detected in the
infected calves 15 days after infection increasing graduatly
up to the end of the experiment. The mean adult worm burden
recovered from necropsy 24 days after infection was 26,643 +
12,028 specimens. Most helminths were recovered from the
duodenum and jejunum, no immature stages being found.

Water metabolism and body composition: Table ! shows
the measurements ol TOH throughout the pre-infection
period (net infected/Day -5 through Day ) and after the
begimung of infection (Infected/ Day 120 through Day
124). The mean of TBW expressed in a body weight percent
shows a significant decrease in the infected calves when
compared with the pre-infected period. Consequently, the
body weight free from fat was reduced and an apparent
increase of fat as a component of body weight was
observed in those animals (p<0.035). The turnover rate and
halt-lTife of tritium apparently showed some decrease after
infection, hut were not statistically significant.

Water balance: Data of total water intake before or after
inlection did not show significant differences. However, the
mean daily excretion of water in feces significantly decreased
after infection being compensated by an apparent increase of
urine output within the same period. The mean daily excretion
of feces decreased after infection {p<0.035). There were no
significant ditferences between the ingestion and excretion of
dry matter in each one of the periods under study. The mean
values are shown in Table 2. '
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Table 2 - Mean daily intake and excretion of water and dry matter and
faecal excretion in calves before and after infection with C. punctata.

Water Water Excretion Dry matler Excretion
Treatment intake (+d") (kg d') of feces*
{Id) uine feces lotal intake excretion
Infected 9.21 374 318 693 385 093 4.13
n=4 + + + i S * +
0.22 076 006 O3 0.01 .01 0.07
No Infected 9.40 267 387 B35 384 0.98 4 65
n=4 + + + 1 i s x
043 063 019 048 0.02 0.04 0.22

n= number of calves per group *p<0.05

Nitrogen balance: Results of the daily means of input and
output of nitrogen (N) in the two periods are shown in Table 3.
In the post infection period there was a decrease in the N
intake (p=<0.05). The infected calves also showed a decrease of
fecal N (p<0.001) and increase of N in urine (p=<0.05).

Table 3 - Mean dailyN balance in caives before and after infaction
with C. punctata.

Nintake” N excretion (g d) Balance*
Treatment {g d") feces®  urine* total {gd")
infected 87.71 1M.69 28.00 3970 4801
n=4 + S ™ + +
0.16 G119 3.07 317 32
No Infected 91.94 15.00 21.34 3634 55.59
n=4 + * * L L
0.44 0.14 0.89 1.07 073
n= number of calves per group *p<0.05

Consequently, the N retention was significantly reduced n
the infected calves when compared with that observed in the
pre-infection perioad.

DISCUSSION

Physiopathologic changes produced m calves by single
infections of C. punctaia were previously unpublished. In the
present study the same animal is used as its own control,
observations being done before and after the experimental
infection.

Results showed that infections caused by C. punctata,
helminth to which are frequently exposed young calves under
field conditions throughout the year in virtually all livestock
regions of Brazil ure responsible by impaired development and
future fow productivity.

Clinical signs of infection by intestinal nematodes such as
those produced by C. punctata like soft feces observed at the
beginning of the patent period were also noticed at the
beginning of that period (COOP et alii, 1979) or later (ARMOUR
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et alii. 1987) with serial infections by €. oncophora. These
signs were concurrent with the increase of fecal egg counts
and physiopathological changes occurring in the post-
infection period keeping a close correlation with the individual
worm burdens and ¢gg counts. The pre-patent period
confirmed the previous observations made on C. punctata
{ALICATA & LYND, 1961). The lack ol changes in the PCV
does not agree with observations made on donor animals
harboring the same level ol a single infection by C. punciata.
In these animals. the icrease of PCV was concurrent with the
peak of egg counts, softening of feces or diarrhea (VIEIRA-
BRESSAN, personal communication); these differences are
probably due to the type of infection or to the condition of
animals. Notwithstanding, they arcin  agreement with the
observations made with muliiple infections by C. oncophara
(ARMOUR et alii, 1987).

The observation period and time of infection were not
sulticient 1o preduce changes in weight gains. The small body
weight increase detected in the post-infection period was
attributed to normal growth.

The significant reduction of body water and the not
significant decrease of the halt-life of tritium (27 h.) in the
post-infection period apparently affected the water turnover,

Animals have lost water in proportion to their live body
weights, Consequently, when evaluating body compesition,
this reduction resulted in the increase of fat proportion refated
ta body weight (with water) and a decrease of body weight
free of fat (without water). However, what really occurred was
a concentration of fat caused by the body waler loss and the
reduction of body weight free of fat (without water).

Although the water ingestion did not increase atter
infecrion, there was some little effect on the amount of water
excreted in leces. This quantity was small because of the reduced
excretion of feces within this peried. A compensatory 30%
increase in the output of unne maintained the water balance.

The lessening of [eed intake which occurred on the third
week of infection by C. puncrara has also been observed after
infections with C. pectinara (BREMMER, 1982} and C
oncophora (ARMOUR et alii, 1987). The biological
mechanism of this anorexia is not yet known.

Although the digestibility coefficient of dry matter did not
change between the pertods, the smaller quantity of N ingested
after the third week of infection leads to a significant reduction
of N retention because of the increased output of N through
the urine. Similar changes were observed in calves infected
with C. encophora, but this eccurred between the fourth and
eigrht weeks after infection (ARMOUR ez afii1987).

The smaller excretion of N in feces suggests a good protein
digestibility, whereas the greater output of N through the
urine denotes that catabolism has increased but not in such
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degree to cause N unbalance. The reduction in N balance
means that less protein is being used to build up the muscular
tissues because of the increased catabolism; there is, therefore,
more availability of protein.

Apparently, this study suggests that . punctata is more
pathogenic to cattle than C. oncophora. Some remarkable
changes of the analyzed parameters were detected after the
ingestion of a weekly smali number of infective larvae. This
changes occurred at a lessen degree even when a lurger number
of C oncophorag larvae were used (COOP e alii, 1979:
ARMOUR er afii, 1987). '

As demonstrated by VIEIRA-BRESSAN et alif (1995),
these metabolic changes are enhanced in mixed infections of
C. punctata and H. placei particularly i1 1s considered that
the elTects are rather muitiplicative than aditive,

RESUMO

Devido a alta prevaléncia de Cooperig punctata em
rebanhos brasileiros, um experimento foi conduzido com
finalidade de avaliar as alteragdes nos balangos hidricos ¢ de
nitrogénio, hem como na composi¢io corporal de hezerros
infectados com este nematdide. Quatro bezerros muchos
holandeses foram criados livre de parasitas e, a0s quatro meses
de idade foram inoculados com 20,000 larvas infectantes de C
punciata por dia durante duas semanas. Cinco dias antes da
infecciio, e trés semanas apos, os bezerros foram alojados em
gaiolas metabolicas e submetides a estudos nutricionuis e de
composi¢do corporal. Todos os animais receberam uma injecio
de 1 Mbq de dgua tritiada por kg de peso viva. Amostras de
[ezes, sangue e urina foram coletadas diartamente durante o
periodo experimental. Contagens de avos por grama de fezes
{opg) e acompanhamento do hematocrite foram realizados
durante o experimento. Os animais [oram necropsiados vinte ¢
quatroe dias apos a infeccfio. A carga parasitaria meédia a
necropsia foi de 26,643 ° 12,028 adultos por animal. Nao
observou-se alteragbes no hematocrito. Os primeiros ovos
foram encontrados nas fezes ao décimo quinto dia. O
experimento demonstrou uma tendéneia de diminuigac na meia-
vida do tricio ¢ no turnover da Agua, juntamente com um
stgnificante (p=0,05) decréscimo na dgua corporal total ¢ no
peso corpéreo desengordurado. A infecgdo aparentemente
ndo afetou de modo adverso o balango hidrico, contudo a
excrecio fecal média e a excregio fecal de dgua foram menores
nos animais infectados. Também foi ohservada uma alieragio
significante (p<0,035) no balango de nitrogénio {N), com uma
menor ingestio ¢ redugdo na retencdo de N pelos anmais
infectados. Estas alteracdes toram influenciadas por uma perda
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significante de N por via urindria e um decréscimo na excregio
tecal de N.

REFERENCES

ARMOUR_J; BAIRNEN, K.; HOLMES, P.H.; PARKINS, 1.1
PLOEGER.H.: SALMAN,S.K.; McWILLIAN, P.N.
Pathophysiological and parasitological studics on
Cooperia  oncophora infections in
Research Veterinary Science, 42: 373-81, 1987,

ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS
(USA) Official Methods of Analysis of the A.Q.A.C.
Washingtlon, D.C., USA, 1970

BIANCHIN, I.; HONER, M.R_: NASCIMENTQ, Y.A. do The
epidemiology ot helminths in Nelore beef cattle in the
Cerrados of Brazil. fn: Guerrero, J. & Leaning, WH.D.,
Epidermiology of bovine nematode parasites in the Americas,
Proceedings ot the Symposium by MSID AGVET, Salvador,
Bahya, Brazil. pp.41-47, 1990,

BREMNER, K.C. The pathophysiology of parasilic
gastroenteritis ot cattle. In: Symons LEA,
Donald A..Dineen I{ eds.): Biology and Control of
Endoparasites. Sydney. Australia, Academic Press, pp.
277-280, 1982,

COOPR.L.SYKES, A R. & ANGUS, K. W. The puthogenicity
of daily intakes of Coaperia oncophora larvae in growing
calves. Veterinary Parasitology, 5:261-269,1979.

HONER.M.R. & VIEIRA-BRESSAN, M.C R, Nematddeos
de Bovinos no Brasil: Situacio Atual da Pesquisa, 1991.

calves.

Revista Rrasileira Parasitologia Veterindria, 1,1: 67«
79,1992,

LIMA LD LIMA, W S GUIMARAES, A. M. LOOS. AL C.
S. & MALACCO, M. A Epidemiology of Bovine Nematode
Parasites in Southeastern Brazil. fu: Epidemiology of
Bovine Nematode Parasites in the Americas. Edited
Guerrero. | & Leaning, W. H. D., p 49, 1990.

MARTIN,R.A. & EHLE, F. R. Body composition of lactating
and dry Holstein cows estimated by deuterium dilution.,
Jowrnal Dairy Scienee, 69: 88-98, 1986.

RASSIER, D FARIAS, M. T.; BORDIN, E. L. & NEWCOMB
K. M. Epidemiological Study of Parasites in Young Weaned
Beef Cattle in the Temperate Zone of Brazil. /n: Epidemiology
of Bovine Nematode Parasites in the Americas. Fdited
Guerrero, J & Leaning, W, I1. D., p 65, 1990,

IE:

STATISTICAL ANALYSIS SYSTEM INSTITUTE. S48 User §
guide:Basics Cary, NC., SAS, 1982,

VERMA, DN; KUMARN,; DASS, R.S.; SINGH, U.I3. Studies
on water furnover and water requeriment in buffalo fed on
different levels of energy and protein in the diet. Jounal
Nuclear Agricultural Biology | 9: 97-9, 1980.

VIEIRA-BRESSAN, M.C.R.; GENNARI, §.M.; ABDALLA,
A.L. Body composition of calves infected wilth Haemanchus
Placei estimated by tritiated water technique. Revisia
Brasileira Parasitologia Veterindria (Braz. J. Vet
Parasitol ), 1:17-21,1992.

VILIRA-BRESSAN, M.C.R.; GENNARI, S.M.; POMPEUL J. &
ROGERQ, |. R. Pathophysiological Observations on Calves
Concurrently infected with Cooperia punciata  and
Haemonchus placei.  Arquivos Faculdade Medicing
Veterindgria, UFMG, 47(1),53-64, 1095,

WHITLOCK, H.V. Some modifications of the McMaster
helminth egg-counting technique and apparatus. Jowrnal
Council Science Industry Research, 21: 177-80, 1948.

(Receeived 4 June 1996, Accepted 20 July 1996)

Rev. Bras. Parasitol. Vet., 5, 2, 75-79 (1996)
(Brazil. J. Vet. Parasitol.)



