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SUMMARY: The comparative results are given for tracer and permanent beef cattle during a two-year
epidemiological experiment. Two animals in each category were slaughtered monthly from June 1987 to
May 1989. During the first year, faecal samples were taken from the animals when they were stabled for
30 days, and again before slaughter ("initial" and "final" samples). During the second year, fagcal samples
were taken weekly during the stabling period ("sequential® samples). Larval cultures and recalcutated,
proportional egg-counts were compared with pasture contamination levels (Weybridge technique) and post
mortern helminth burdens. The relatively high oviposition rates of the genera Haemonchus and
Oesophagostomum are reflected in modifications in the proportions of the larval cultures of the sequential
samples. The initial samples from tracer animals were closely related to the pasture contamination levels

as recorded by the Weybridge technique.
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INTRODUCTION

Three techniques have commonly been employed to
estimate the population dynamics of gastrointestinal
helminths in ruminants namely, pasture larval counts,
faecal egg-counts and the wse of tracer animals. In the
course of a two-year epidemiological experiment using
tracer and permanent beef cattle on improved pastures in
the Cerrado region of central Brazil, carried out at the
National Centre for Beef Cattle Research (CNPGC, part
of the Brazilian Corporation for Agricultural Research -
EMBRAPA), it was noted during the tirst year that changes
occurred in the relative proportions of the genera of
gastrointestinal nematodes during the 30-day stabling
period hefore slaughter, as evidenced by faecal samples
taken at the start and end of this period 10 determine egg
counts per gram of lacces and make larval cultures. In the
second ycar of the experiment, therefore, faecal samples
were taken weekly during the stabling period and changes
in the egg counts and larval cultures recorded, and these
obscrvations related to pasture larval counts and post mortem
helminth counts. The results of this expcriment, which have
a bearing on Lhe use of tracer animals in epidemiotogical
cxperimentation, are presented here and discussed.

MATERIALS AND METHQODS

A description of the materials and methods used was given
by GUERRERO & LEANING (1990) and BIANCTIIN,
HONER & NASCIMENTO (1990). Spccifically, two tracer

and two permanent animals of the same age and origin were

slaughtered each month from June 1987 1o May 1989, The
worm-free tracers remained on pasture for 30 days and were
then stabled for a further 30 days to facilitate post mortem
nematode counts. During the first year of the experiment
(June 1987 to May 1988), faecal samples were taken from
tracers and permanent animals at the beginning ("initial
samples”) and at the end ("final samples") of the stabling
period. During the second year (June 1988 to May 1989),
faecal samples were taken weckly ("sequential samples”)
from both groups of animals, Grazing densitics were
maintained throughout the experiment by the presence of
non-gxperimental animals of the same age and origin.
The moditied MacMaster technique (GORDON &
WHITLOCK., 1939) wus used to obtain egg-counts per gram
of faeces (EPGs) and that of ROBERTS & O'SULLIVAN
(1950) for larval cultures (LCs). Paslure sumples were taken
following the Weybridge technique {Anonymous, 1971), the
counts of infective larvae (L3) being converted to La/kg dry
malter (DM). Larvae were identified using the key developed
by KEITH (1933). The post mortem techniques used were
detailed by BIANCHIN (1991). Data was normalized by
square root iransformations and analyzed by regression
methods (least squares). Metearological data was obtained
from the CNPGC synoptic station, located abour 2km from
the experimentul pasture.

RESULTS AND DISCUSSION

Four genera of gastrointestinal nematodes predominated in
the tracer and permanent animals, namely, Cooperia,
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Haemonchus, Trichestrongylus and Oesophagostomum.

In Fig. 1A and 1B the initial and final LC counts are shown
for Coaperia and Haemonchus in the wacer animals during
the entire experiment. Two changes were seen in the
proportions of these LCs: one during the course of the entire
experiment (along the X-axis) and the other between the
initial and final counts (Y-axis). Although during the second
vear, for example, the trucers were stubled with very low
counts of Haemonchus larvae and high ones for Cooperia.
some compensating mechanism was evidently functioning
to change the final proportions, as measured by LC
percentages at the final count. Similar observations were
availahle for the permanent animals, other helminth genera
and for EPG counts during the first year of the experiment,
Fig. 2 presents the sequential mean EPGs for tracer and
permanent animals during the second year of the
experiment. It can be seen that these follow a similar
pattern (permanent animals r =0.8632, P =0.06(; tracers
v =0.8849, P =0.046), although the mean EPGs of the
tracers were less than hall of those of the permanent
animals,

HONER ef afif

ol

EPG [ Thousands |

initial sample # 2 23 Sample #4 # S

Number of sample
E= Tracer animals

Fre. 2 - Mean sequential counts ol eggs per gram o laeces (EPGas {or
permanent and tracer animals (48 anirmals in each category).

"] Parmanent animals

80 A |_

60

40

®e Larval culture

20 4

f
Initial

Number of somple

[ Covparia
EE] Oesophagostomum

[ Heemonchus
M Trichostrongylus

bieo 3 - Mean proportions of larvac Ly of the four gencra of gastrointestinal
nentodes inthe sequential faecal samples of racer animals.

100

BO

60

40 +

tasval culture

/s

20 -

0 T = —
[nitial #*# 2 *3 #*#4
Number of sample

——  Cocparia ——- Hoamonchua

== Ossophagostemum == Trichostrongylus

Fig. 4 - Smoothed best-fit curves derived from Fig. 3, representing the mean
proportions of the tour gencra of gastrointestinal nematodes in the larval
cultures of tracer animals.

As explained previously, weekly larval cultures were made
during the second year and these are presented in Fig. 3
in terms of mean values. The summary of the regression
analysis (least squares of transformed LCs * scquential
samples) is given in Table 1, where it can be seen that
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Table I - Summarized regression analysis of the sequentiul sumples (EPG counts
and larval culturesy taken from stabled tracer (t) and permanent (p) beef cattle,
A8 unimals in cach category. sumples | to 4.

Sample type Vo r P a h

EPG "t 08849 00461 23410 29170

EPG p 0.8632 0.0595 1572.70 486.10
Larval cultures

Genera

Cooperia t -0.9473 0.0627 104.80 -14.97
Cooperia p -0.9776 0.0224 51.75 -4.08
Haemanchus t 09326 0.0674 -16.67 14.83
Haemonchus g 08889 01111 18.90 8.13
Trichostrongyius t 0.9444  0.0556 -0.42 0.35
Trichostrongylus p 0.8569 0.1431 2.25 0.72
QOesophagostomum  t 0.9303  0.0697 -1.95 276
Qesophagostomum  p 0.0811 0.8389 13.00 012

r = regression coctficient; P = probability value; a = iatereept and b = slope, of
regression line.

there was asignilicant decrease in the proportion of Coaoperia
larvae  (r = -0.9473) and significant increases in those of
larvae of Haemonchus (r = 0.9326). Trichostrongylus (r =
0.9444) and Oesaphagostenmnum (v = 0.9303). This situation
is summarized in l'ig. 4, where smoothed. best-fit curves
represent the relative proportions of larvae of these four
genera in the fueces of the tracer animals during the stabling
period. Similar results were obtained for the permanent
animals, Tig. 5. but their exposure to pasture contarnination
over longer periods of time resulted in some diferences in
their helminth population structures. This can be most clearly
seen in Tuble 1, where, with the exception of Cooperia, the
vatlues of P for the permanent animals are lower than those
of the tracers. The most striking difference was in the case
of Oesophagosionum, the animals coming ofl pastures with
high proportions of these larvae in the cultures. For this
genus, high initial counts declined in the second sample and
subseguently increased again lincarly; for this rcason the
value of r is only 0.0611. A graphical representation of the
proportions of the four genera in the permanent animals,
represented with smoothed best-fit curves is given in Fig. 6,
which should be compared to Fig. 4 for the trucer animals.
When pasture contamination is being measured, the
interpretation of tracer animal data depends on the complex
relationship between animal behaviour, the immunological
status of the host, the relationship between tarval cultures and
true helminth  burdens, relative oviposition rates and
competition between the genera present. EPG counts are
frequently criticized because they do not truly reflect the
helminth population in the host, giving information only of
the presence of adult female helminths. For this reason the
monitoring of helminth population dynamics is imprecise,
when compared to that of ectoparasites (HONER & GOMES,
19903.In the present case, where post mortem helminth counts
were available for all animals in the experiment, it was
feasible to examine the possibility of estimating the
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Table IT - Pupulation parammelers of the four principal species of gastrointestinal
nematades in tracer (1) and permanent (p) animals, 48 in each category

Helminth* tp Wean CV%  Max  Min Nor- Chif
species mal

Hecon t 7725 789 2197 0 + 8.67

Hecon p 1309.5 103.0 5887 20 10.67

Cpun t 45034 1028 17003 102 - 1200

Cpun p 95285 91.8 38035 121 - 1267

Tax t 122.5 1109 457 5 - 1733

Tax p 9249 606 2266 240+ 6.0C

Orad t 183.7 809 600 0 + 5.33

Orad p 3472 1205 1844 6 - 1333
Heon=Raemonchis CORIOTTUS, Cpun=Coeperia punciaia;
Tax=Trichustrongylus uxei: Orad=0¢sophagostomim radictin,

CV%=coefficient of variation; Normal=normality of the count distribution,
32 S
tested by Chi®, vaiue given in the last celumn.

proportions of helminths of the four genera being considered,
weighting their participation on the basis of their approximate
oviposition rates.

Female Haemonchus and Oesophagostomum are the most
prolific egg-layers (2000 - 10000 eggs/day). while Cooperia
and Trichostrongyius produce relatively few eggs (200
eggs/day). The maturing of females of the first two genera
during the stabling period of tracer animals could lead o a
"dilution” of the eggs of the latter genera. thus giving the
appearance of a shift in the helminth population as alrgady
noted. The stabling pericd of 30 days is close to. or less than,
the prepatent period ol many helminths, with the exception
of Cuoperia spp. where the stabling period is about twice
that of prepatency. Table 2 presents the post morterm mean
burdens per species of the two categories of animals and
Table 3 the overall proportions (%) of the principal genera
in both categories. The proportions of the four genera in the
two groups {aken as entitics are not significantly different
(P>0.01), but Table 2 shows that the populations of the
principal species are different in size (permanent helminth
burdens being between twice and five times the size of those
ol the tracers), and also in their frequency distnibutions, for
example, Fig, 7 for T axei and Oe. radiatum, These
differences reflect the longer exposure of the permanent
animals 10 pasture contamination when compared to the naive
tracers, Within the limits of the present experiment it would
appear that the tracers reflected satisfactorily the relative
proportions of the principal genera of helminths present in
the permanent animals (goodness of fit between entire groups
P = 0,78).

When EPG counmts were  converted  into proportional
egg-counts per genus, l'ig. 8 was obtained. for final samples.
The recalculated EPG counts reflect more closely the post
mortem helminth burdens of Cooperia and Trichostrongylus.,
i.e. genera with a low egg-laying rate, than the other two
genera present. In these, the EPGs overestimate worm counts
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Table 11 - Proportions (57) of the principal genera in tracer and permanent
animuls. 48 unimals in cach category.

HONER et alif

Table 1V - Relative proportions genera of gastrointestinal nematodes found by
larval cultures and posr mariem worm counts, in two permanent animals (hat
died shortly afler cnlering the stable.

Category
) AnimaI_Days EPG Larvai culture % Post-mortem counts
Helminth genus Tracer Permanent n?  stabled
Cooperia o807 78.7 CHTO € H CH C
Haemonchus 13.8 10.8
Trichostrongyius 2.2 7.6 266p 3 6300 65 19 4 12 77456 8529 9.1 90.1
Oesophagostornum 3.3 2.9 257p 5 4100 32 30 0 38 26975 10270 2.6 724

Kolmognrnv-5mirnoff two-group test: Dhyaa = 0.0500: Critical valuc at (1.5 level
=0.1923. Chi~ 0.5000. P=().7758.

and especially those of the permanent animals. The
comparison of sequential LCs with true helminth burdens
vields Fig. 9, which illustrates the mechanism of the
proportional shifts shown in Figs. 4 and 6. where smoothed
best-fit curves were given. The imitinl and second LCs
approximate  the  burdens of  Haemonchus  and
Trichosirongvlus: in the case of Cooperia they grossly
overestimate tracer burdens und equally underestimate those
of the permanent animals. The third and final LCs
overestimatc Haemonchus in both categories of animals.
approximate the tracers burdens of Cooperia bul continue Lo
underestimate the permancnt burdens, reflect the true burdens
of Trichostrongylus and overestimate to a certain degree those
of QOesophagostomum. In Fig. 2, where the progression ol
the sequential "raw"” EPGs was given, there is fall in total
EPG between the second and third count and this is reflected
in the separation of (initial + second) and (third + fourth)
LCs in Fig. 9The aim of using tracers animals in
epidemielogical experimentation is to measure the pasture
contamination rates to which permanent animals may be
exposed during specitied periods of time. BRYAN & KERR
(1988) found that tracers and pasture sampling were similarly
effective in representing pasture contamination, within the
limits of their cxperiment. Throughout the present
caperiment, the Weybridge technique was applied as an
independent measure of contamination. Figs. 10 and 11
present the resuits obtained by this technique in lerms of
La/kg DM versus initial LCs Tor Haemonchus and Ceoperia.
In the first year of the experiment, both techniques identified
fluctuations In the pasture contamination levels, bul without
exact correlation.

During the second year of the experiment both the tracer and
the pasture LCs identified a low level of contamination for
Haemonchus and a high level for Cooperia, Both techniques
identified definitive, synchronized changes in the ratio of T.3s
after May 1988, Fig. 10 and 11, and this could be related
principally to the luck of rainfall during the exceptionally dry
scason, Fig. 12, During the course of this experiment two
permancnt animals died shortly (three and five days) after
being stabled. ‘Their initial LCs and pes: morterm helminth
burdens are shown in Table 1V, where the opposed trends
between Cooperia (C) and [faemonchus (H) can be seen in
the ratio of the (wo genera C/H. The relatively large

C = Cooperia: H = Haemonchus; T = Trichostrongyins,
Q = Qesophagosiompm: p = permanent animal.

proportion of Oe. radiatimn can also be seen, with post
mortern counts of 146 und 181 adulls, respectively. The loss
of helminth burdens in stabled, non-wreated ruminants has
been known for some time (GIBSON. 1964; TURTON &
CLARK. 1974). The latter authors calculated this loss as 7%
per day in stabled, vntreated sheep infected artificially with
Haemonchus contortus. Observations of this nature were
responsible Tor the development of the controlled test for
anthelmintics in naive ruminants, i.e those maintained
helminth-free before exposure 1o artilicial infections
(HONER, 1980). The tracer animals in this experiment were
maintained Iree of infection until entering on pasture and can,
therefore. be considered as nuive. If these had been
slaughtered directly after their removal from pasture. the
impression obtained us to the composition of the helminth
burden might be very different to that obtained if the animals
were slaughtered after three to four weeks of stabling. In the
first case, it might be possible to conclude that the genus
Cooperia was dominant, but accompanied by large numbers
of Haemonchus larvae. This may cxplain earlier records of
the possible occurrence of hypobiosis in Haemonchus spp in
various regions of Brazil (PIMENTEL NETO, 1976
BIANCHIN, 1978; MELQ, 1977, MELO & GOMES, 1979),
since in each case animals were slaughtered on removal from
pasture or maintained for only a few days in stables.
BIANCHIN (1991) und the participants of the I Meeting on
the epidemiclogy of Bovine Nematodes in Brazil (HONER,
1991), found no evidence for hypobiosis in Brazil, with the
exception of Ostertagia spp., and then especially in the
southern part of the country.

The objections raised by BRYAN & KERR (1988) as 1o the
suitability ol tracer animals for measuring pasture
contamination are apparently, at least purdally, eliminated by
the type of tracer animal employed in this experiment, since
there is a close relationship between the Li/kg DM counts
and the initial LC proportions. The preparation of the tracers
as used in this experiment and others carricd out at the
CNPGC (BIANCHIN, 1991; BIANCIIIN, HONLR &
NASCIMLENTO, 1990y implies that these animals are of the
same age and origin, i.e. with a grazing cxperience similar
to that ol the permanent animals, so that their bite size and
grazing selectivity can be presumed to be similar, It has been
shown (CHACON, STOBBS & BALE, 1978) that bite size
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and larval.intake are related. If this is accepted, then the larval
intake of the tracer animals is closely related both to the
pasturc sampling technique and the intake of the permanent
animals as depicted by initial LCs. The interpretation of the
later I.C proportions is more indirect, however, since relative
oviposition rates modify the final proportions obtained.
This is also true for the relationship between LCs and
converted EPG counts. Finally, it should noted that tracer
helminth burdens reflect generic proportions only, differing
both in size and dispersion from those in the permanent
animals,

SUMARIO

S&o apresentados os resultados comparativos de animais
tracadores e permancntes durante  um  experimento
epidemiolégico com bovinos de corte durante dois anos. Dois
animais de ambas as categorias  foram  sacrificados
mensalmente de junho de 1987 a maio de 1989. Durante o
primeira ano, amostras fecais foram coletadas por ocasido do
inicio ¢ da conclusfo (imediatamente antes do sacrificio) da
estabulaciio dos animais por um perfodo de 30 dias. No
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I'ig. 6 - Smoothed best-fit curves derived from Fig. 5, representing the mean
proportions of the four gencra of gastrointestinal nematodes in the larval
cultures of permanent animals.
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segundo ano, estas amostras foram coletadas semanalmente
{amostras "seqilienciais"). Larvaculturas e contagens de ovos
por grama de fezes proporcionais por género foram
comparadas com os niveis de contaminagio da pastagem
(técnica de Weybridge) e contagens posi mertem de
helmintos. As altas taxas de oviposicio dos géneros
Huemonchus ¢ Oesophagostomum tefletitam-se em mudangas
nas proporcdes das larvaculturas das amostras seqlienciais. As

amostras iniciais dos animais tragadores mostraram-se
relacionadas aos niveis de  contaminagio da  pastagem

registrados pela técnica de Weyhridge.

PALAVRAS  CHAVE: nematddeos  gastrintestinais,
contaminagdo da pastagem, tracadores, contagens de ovaos,
larvaculturas, contagens post mortem, gado de corte.
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