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Simple Summary

Haemonchus contortus and Haemonchus placei are parasitic nematodes of sheep and goats
and cattle, respectively, but can cross-infect different species of ruminants when they share
the same pasture. Understanding the biology of both species is crucial, as it allows for the
application of different management strategies in animal production. The development
of H. contortus and H. placei from eggs to infective larvae was evaluated in two different
environments. Different temperatures were recorded for the short grass and the tall grass;
nonetheless, morphological development from eggs to infective larvae was similar for both
species, but the tall grass favoured the development of H. contortus and H. placei.

Abstract

Haemonchus contortus and Haemonchus placei infect different species of ruminants, but when
small ruminants and cattle share the same pasture, cross-infections can occur. Weather
conditions and the herbage microenvironment influence the development and survival
of larvae during the free-living stage. Development of free-living stages (eggs, L1, L2,
and L3) for both nematode species in sheep faeces deposited on short grass (4 cm) and
tall grass (60 cm) ground was evaluated during nine days at the beginning of the rainy
season. Rainfall occurred during five of the nine days assessed, and the tall and short grass
environments demonstrated different temperatures, with a maximum of 34.0 ◦C to 42.0 ◦C
and 31.0 ◦C to 38.0 ◦C and a minimum of 12.0 ◦C to 17.0 ◦C and 10.0 ◦C to 24.5 ◦C for the
short and tall grass, respectively. Due to the development of eggs into infective larvae (L3),
decreased egg counts were observed over time in faecal samples from both species and
environments. However, some eggs were still present in samples until eight days post-
deposition among tall grass. In both environments, the development times for all larval
stages were similar. Small numbers of H. contortus larvae were found in the soil and grass,
whereas no H. placei larvae were found. In conclusion, the trend of development in different
environments was similar for both nematode species; however, the tall grass environment
provided better conditions for the development of larval stages of both Haemonchus species.
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1. Introduction
Haemonchus contortus and H. placei are preferential parasites of small ruminants and

cattle, respectively, although cross-infections can occur when hosts share the same pas-
ture [1–3]. Haemonchus spp. infections lead to losses in livestock production, and the
growing issue of anthelmintic resistance jeopardises infection prophylaxis [4–6]. Infective
larvae (third-stage larvae or L3) of H. contortus are present in sheep-grazed pastures year-
round in Sao Paulo state, leading to high worm burdens and faecal egg counts (FECs) in
animals at any time [7,8]. For this reason, it is imperative to adopt grazing strategies to
minimise the risk of haemonchosis, which can cause anaemia, weight loss, and even the
death of livestock. Such prophylactic strategies require knowledge about the biology of the
free-living stages of the nematodes found in the pastures.

Haemonchus adult females are capable of producing thousands of eggs per day [9].
Such eggs are released to the environment in faeces, where the development of the pre-
infective stages takes place. However, only a small percentage of the eggs of cattle and
sheep nematodes give rise to the L3 in the environment [10,11]. Generally, the L3 with the
double cuticle (sheath) is the most resistant stage to environmental conditions, followed
by the embryonated egg, unembryonated egg, and first (L1) and second (L2) pre-infective
larval stages [12].

Environmental conditions influence the successful development and survival of
Haemonchus spp. in the free-living stages. The most favourable conditions for the develop-
ment of the pre-infective stages are relatively high temperatures and adequate moisture in
faeces, which is required to avoid desiccation before the L3 stage can be reached

Temperature and moisture predominantly influence the free-living stages, whereas
pasture conditions modulate these effects. The length and success of the development cycle
are dependent largely on temperature, with the development rate increasing at warmer
temperatures, e.g., H. contortus are most susceptible to cold temperatures, followed by
Trichostrongylus colubriformis and then Teladorsagia circumcincta. There has been somewhat
less research assessing the impact of moisture on free-living development; however, it
is evident that H. contortus is most vulnerable to desiccation during the pre-infective
stages. While a substantial amount of data exists regarding temperature thresholds for
development, information on the impact of temperature on the rate of development is
rather scarce. The creation of functions, informed by current temperatures, that delineate
the duration from egg deposition to each free-living stage, as well as the success rate
of development, would provide essential data for forecasting the probability of pasture
infectivity at a specific time after a grazing event [13]. In addition, larval development and
survival rate increase during the period of the year with high temperatures associated with
rainfall [14–16], which also contributes to the migration of H. contortus L3 from faeces to
the upper herbage strata, facilitating larvae ingestion by the host [17,18].

The height of the forage plays an important role in the microenvironment. The retrieval
of H. contortus and T. colubriformis L3 was insignificant when sheep faeces were deposited
on shorter herbage grounds, whereas higher rates of development were observed when
faeces were protected by taller forages [10,19]. Thus, this study aimed to evaluate the
influence of the herbage height on the development of the free-living stages of H. contortus
and H. placei and to compare the development rate of both species in sheep faeces. We
hypothesised that because sheep faecal pellets contain less moisture than cattle faeces, H.
placei might have a lower rate of development in sheep faeces compared to H. contortus. It
is possible that, during the process of speciation, H. placei became adapted to developing in
cattle dung that contains higher levels of moisture than sheep faeces.
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2. Materials and Methods
2.1. Experimental Site

This study was carried out at the beginning of the rainy season (November 2011) in a
paddock located at S 22◦ 53.268′ W 48◦ 29.236′ at an altitude of 876 m asl in the Sao Paulo
State University (UNESP), Botucatu, Sao Paulo State, Brazil. Rainfall and temperature
information was obtained daily on the study site. The rainfall was measured using a rain
gauge (Multitec®; São Leopoldo, Brazil), and the maximum and minimum temperatures
at ground level were measured using a thermometer (J Prolab®, Curitiba, Brazil). It was
decided to conduct the trial during a warm and rainy period of the year, which is considered
suitable for the Haemonchus spp. free-living stage migration previously observed at our
study site [17,18]. The total rainfall during the experiment was 35 mm, and the average
maximum and minimum temperatures were 27.7 ◦C and 15.7 ◦C, respectively. These data
and the relative humidity (RH) and solar isolation (SI) during the trial period were obtained
from the Meteorological Station of the Rural Engineering and Socioeconomics, School
of Agricultural Sciences, São Paulo State University (UNESP, Botucatu, São Paulo State,
Brazil), located 8 km from the experimental site.

2.2. Experimental Animals and Collection of Faecal Samples

The H. contortus isolate was donated by Dr F.A.M. Echevarria in 2001. Infective larvae
produced from housed sheep were kept frozen since that year until they were used in
this trial [20]. H. placei was isolated from a bovine naturally infected with gastrointestinal
nematodes in 2005 and was used to infect donor calves on two different occasions, the last
one in 2009. Two lambs were infected with H. contortus and two calves with H. placei; they
served as donors of faeces for faecal composites and produced fresh larvae to infect the
lambs used in this trial [20].

Two Santa Ines crossbred male lambs (Ovis aries), around six months old, were de-
wormed and maintained indoors to avoid any other infections with gastrointestinal ne-
matodes and used as faecal donors. One lamb was infected with H. contortus (4000 L3),
and the other one received H. placei (4000 L3). The lambs’ worm-free status as well as the
Haemonchus isolates used have been described previously [20].

On 21 November 2011 (day 0), each donor lamb was harnessed from 8 a.m. until 4 p.m.
for faecal collection. After removing the collection bag, five samples of each donor animal
(infected with either H. contortus or H. placei) were taken at random to estimate the faecal
egg counts using a modified McMaster technique [21].

Fifteen faecal samples, each with 50 intact faecal pellets, were prepared for each
Haemonchus species: five to be used as a control, five to be placed among short grass (4 cm),
and five to be placed among tall grass (60 cm). The control samples were placed in pre-
labelled Petri dishes and maintained in a BOD incubator (Eletrolab® EL101/3, São Paulo,
Brazil) at 26 ◦C; in these Petri dishes, moistened filter paper was attached to the upper plate
to provide a controlled environment for larval development.

The experimental area was planted with Urochloa decumbens grass, which had not been
grazed by animals, so it was free of gastrointestinal nematode larvae. The faecal deposition
sites had been previously chosen and marked with stakes to indicate the deposition of the
samples. The faecal samples were deposited on the soil next to each stake and among the
herbage (Figure 1).
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Figure 1. Schematic representation of the distribution of the faecal samples among the herbage. Each 
sample consisted of 50 intact faecal pellets containing either Haemonchus contortus (Hc) or Haemon-
chus placei (Hp) eggs. In the field, samples were placed among short grass (4 cm) and among tall 
grass (60 cm). The control samples were placed in Petri dishes and maintained in an incubator at 26 
°C. 

2.3. Sample Collection and Laboratory Analysis 

Faecal samples from the incubator (control group) and those deposited on pasture 
were processed in the same way. Starting 24 h after faecal deposition (day 1), samples 
were collected at 4 p.m. (for larvae and egg examinations), and these procedures were 
repeated on each consecutive day from day 1 until day 9. At each sampling time, four 
faecal pellets were recovered from each deposition. The pellet samples were stored sepa-
rately for subsequent processing in the laboratory. On the last day of the trial (day 9), the 
grass, from 10 cm from the centre of the pellet deposition, and the superficial layer of soil, 
to a depth of approximately 1 cm, from beneath the pellets, were also collected. The sam-
ples were stored separately in pre-labelled plastic bags for further processing in the labor-
atory. 

Laboratory analysis consisted of faecal pellet processing to determine FEC using two 
of the four collected pellets. The volume of the flotation solution was adjusted according 
to the weight of the faecal pellets, always maintaining the same proportion (1 g of faeces 
in 29 mL of flotation solution). Faecal egg counts were performed daily until day 8. The 
other two pellets were processed by the Baermann technique for larvae recovery [21]. The 
soil and pasture larvae were recovered according to techniques previously described 
[17,22]. 

The L1, L2, and L3 stages (Figure 2) were identified according to [23,24]. The L1 were 
identified after egg hatching based on size, oesophagus rhabditoid appearance, and bulb 
presence. The L2 were differentiated by size and the constriction of the oesophagus as it 
became less marked or lost its rhabditoid form. Finally, larvae with a double cuticle 
(sheath) were identified as L3. Haemonchus larvae were distinguished from free-living 
nematodes following the descriptions of [25]. 

Figure 1. Schematic representation of the distribution of the faecal samples among the herbage. Each
sample consisted of 50 intact faecal pellets containing either Haemonchus contortus (Hc) or Haemonchus
placei (Hp) eggs. In the field, samples were placed among short grass (4 cm) and among tall grass
(60 cm). The control samples were placed in Petri dishes and maintained in an incubator at 26 ◦C.

2.3. Sample Collection and Laboratory Analysis

Faecal samples from the incubator (control group) and those deposited on pasture
were processed in the same way. Starting 24 h after faecal deposition (day 1), samples
were collected at 4 p.m. (for larvae and egg examinations), and these procedures were
repeated on each consecutive day from day 1 until day 9. At each sampling time, four faecal
pellets were recovered from each deposition. The pellet samples were stored separately for
subsequent processing in the laboratory. On the last day of the trial (day 9), the grass, from
10 cm from the centre of the pellet deposition, and the superficial layer of soil, to a depth
of approximately 1 cm, from beneath the pellets, were also collected. The samples were
stored separately in pre-labelled plastic bags for further processing in the laboratory.

Laboratory analysis consisted of faecal pellet processing to determine FEC using two
of the four collected pellets. The volume of the flotation solution was adjusted according to
the weight of the faecal pellets, always maintaining the same proportion (1 g of faeces in
29 mL of flotation solution). Faecal egg counts were performed daily until day 8. The other
two pellets were processed by the Baermann technique for larvae recovery [21]. The soil
and pasture larvae were recovered according to techniques previously described [17,22].

The L1, L2, and L3 stages (Figure 2) were identified according to [23,24]. The L1 were
identified after egg hatching based on size, oesophagus rhabditoid appearance, and bulb
presence. The L2 were differentiated by size and the constriction of the oesophagus as it
became less marked or lost its rhabditoid form. Finally, larvae with a double cuticle (sheath)
were identified as L3. Haemonchus larvae were distinguished from free-living nematodes
following the descriptions of [25].
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3 36.0 12.0 24.0 34.0 15.0 24.5 0 50.5 7.2 
4 42.0 13.0 27.5 38.0 15.0 26.5 0 63.9 2.6 
5 40.5 17.0 28.8 36.0 17.5 26.8 0 70.6 6.2 
6 39.0 12.5 25.8 31.0 24.5 27.8 7.5 63.9 6.8 
7 39.0 15.0 27.0 32.5 18.0 25.3 0 74.9 5.9 
8 36.0 15.0 25.5 32.5 18.0 25.3 2.5 78.7 5.7 
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Figure 2. Free-living larvae of Haemonchus spp.: (A) first-stage larvae (L1); (B) second-stage
larvae (L2); (C) third-stage larvae (L3).
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2.4. Statistical Analysis

Data were analysed by a general linear model with the programme Statistical Anal-
ysis System®, version 9.2 (SAS Institute, Inc., Cary, NC, USA). Means were compared
by a Student’s t-test at a 5% significance level. The results were analysed following a
logarithmic transformation (Log10(x + 1)), and they are presented as the arithmetic mean
(±standard error) of untransformed data.

3. Results
3.1. Experimental Site and Meteorological Conditions

Precipitation occurred at 1, 2, 6, 8, and 9 days post-deposition, with accumulations of
7, 10, 7.5, 2.5, and 8 mm, respectively (Table 1). The average relative humidity during the
trial period was 67.4%, and the average solar insolation was 6.3 kWh/m2/d (Table 1). Due
to frequent rains, faecal samples began to degrade after seven days of deposition.

Table 1. Maximum, minimum, and mean daily temperature (measured at ground level), rainfall, rela-
tive humidity (RH) and solar insolation (SI) during the trial. Sheep faecal pellets containing eggs with
H. contortus or H. placei were deposited on day 0 on the ground covered by Urochloa decumbens grass.

Days Temperature (◦C) at
Short Grass Level (4 cm)

Temperature (◦C) at
Tall Grass Level (60 cm)

Rainfall
(mm) RH ** (%) SI **

(kWh/m2/d)

Maximum Minimum Mean Maximum Minimum Mean

1 34.0 * * 32.0 10.0 21.0 7.0 63.8 7.4
2 36.0 12.0 24.0 31.0 13.0 22.0 10.0 65.6 7.5
3 36.0 12.0 24.0 34.0 15.0 24.5 0 50.5 7.2
4 42.0 13.0 27.5 38.0 15.0 26.5 0 63.9 2.6
5 40.5 17.0 28.8 36.0 17.5 26.8 0 70.6 6.2
6 39.0 12.5 25.8 31.0 24.5 27.8 7.5 63.9 6.8
7 39.0 15.0 27.0 32.5 18.0 25.3 0 74.9 5.9
8 36.0 15.0 25.5 32.5 18.0 25.3 2.5 78.7 5.7
9 35.5 17.0 26.3 35.0 19.5 27.3 8.0 74.8 7.3

* Data was not recovered. ** Source: Rural Engineering and Socioeconomics, School of Agricultural Sciences,
São Paulo State University (UNESP, Botucatu, São Paulo State, Brazil), located 8 km from the study site.

The difference between mean temperatures above the soil of the short and tall grass ar-
eas was about 3.0 ◦C. In the short grass, the average maximum and minimum temperatures
were 37.6 ◦C and 14.2 ◦C, respectively, and the highest maximum temperature (42.0 ◦C)
was observed in this location at day 4 (Table 1). In the tall grass, the average maximum and
minimum temperatures were 33.6 ◦C and 16.7 ◦C, respectively.

3.2. Development of Eggs to Third-Stage Larvae

The initial (Day 0) mean FEC of the samples containing H. contortus and H. placei eggs
were 3560 ± 386.78 epg and 2240 ± 248.19 epg, respectively (Figure 3A,B). Free-living stages
of H. contortus developed in the short grass, L1 were present on Day 1 post-deposition, and
L2 and L3 on the following days (Figure 4); 45 L3 were recovered on the last day (Day 9),
corresponding to 0.06% of the total eggs deposited. H. placei also showed the presence of L1
on Day 1 post-deposition, demonstrating that the eggs developed and hatched (Figure 4).

In tall grass and in the control group (incubator), similar patterns of larval develop-
ment was observed for both Haemonchus species in the tall grass and incubator (control)
environments. The FEC decreased over time due to egg hatching associated with the
appearance of L1 (Figure 4A,B). L1 started to appear on Day 1 post-deposition, followed
by the presence of L2 (Figure 4C,D) from Day 2 post-deposition, which continued to be
recovered until the last day of sampling. The recovery of H. contortus and H. placei L3
started on Day 3 post-deposition, on the control for H. contortus and on tall grass and
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control of H. placei (Figure 4E and 4F, respectively). High numbers of L3 were observed
until the last day of the trial. In the tall grass, some eggs did not hatch during the initial
days of the trial and were still detected 8 days after faecal deposition (160 ± 160 H. contortus
and 60 ± 40 H. placei epg (Figure 3).

The highest recovery of H. contortus L3 from control cultures occurred in the last five
days of the trial (Days 5–9), with an overall mean of 805 L3 during this period (Figure 4E).
In the tall grass samples, the highest means were recorded in the last three days (Day 7–9),
with an overall mean of 54 L3 (recovered from the faecal pellets), a value that corresponds
to 6.7% of that recorded in the control cultures. In relation to H. placei, the highest yield
of L3 in the control cultures occurred in the last three days of the trial (Days 7–9), with an
overall mean of 199 L3 (Figure 4F), while in the tall grass, an overall mean of 14.5 L3 was
recorded in the last two days (recovered from the faecal pellets), corresponding to 7.3% of
the control group. L3 means differed between the tall and short grass on days 5, 6, 7, 8, and
9 due to an absence of L3 in the short grass faecal samples (p < 0.05).
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(p < 0.05) between the groups on each sampling day are indicated by different letters. Each bar
represents the mean of five samples and its standard error.
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Figure 4. Mean numbers of H. contortus and H. placei larvae recovered from faecal pellets as L1 (A,B),
L2 (C,D) and L3 (E,F) in three different environments: tall grass, short grass, and control (incubator).
Significant differences (p < 0.05) between the groups on each sampling day are indicated by different
letters. Each bar represents the mean of five samples and its standard error.

The presence of larvae was assessed in samples of herbage and soil collected on the
last day of the trial (Day 9) to estimate the L3 migration from faecal pellets to herbage and
soil. In the herbage, only 5 and 11 H. contortus L3 were recovered from the tall grass and
short grass, respectively. A single H. contortus L2 and three L3 were recovered from the five
soil samples of the short grass environment, whereas a total of five L3 were isolated from
the soil in the tall grass environment. No H. placei larvae were recovered from herbage or
soil samples in both environments (tall and short grass).

4. Discussion
An interesting finding of the present study was that in late spring, with moderate

rainfall and mild temperatures, there was almost a complete disappearance of the free-
living stages when faeces were deposited among short herbage and that the moisture
provided by frequent rains during the trial was insufficient to prevent the deleterious
effects of the direct solar radiation associated with high thermal amplitude (22.9 ◦C).
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Such adverse conditions possibly had a negative impact, especially in the initial free-
living stages that are very vulnerable and may be destroyed when direct solar radiation
causes faecal dryness [26]. Due to the double sheath, L3 are considered more resistant than
other free-living stages regarding desiccation and ultraviolet light exposure [27,28].

The decrease in the number of eggs at Day 1 is predictably explained by the hatching
of the eggs and the emergence of L1, which is not possible to observe from Day 2 onwards.
It is also observed that the number of recovered L1 and L2, mainly for H. contortus, does
not correspond to the number of L3. These results are not just from the field samples, but
they are confirmed with the control samples from the incubator.

Another important finding was that in a suitable microenvironment provided by
the tall pasture (60 cm), the L3 start to appear three days after faecal deposition in the
environment, i.e., only faeces protected from the sun at the base of the tall grass yielded
L3. The same was also observed in Botucatu, Brazil, where the highest recoveries of larvae
were observed in the tall grass (30 cm) environment, which was more favourable to the
development and survival of larvae than was short grass 5 cm in height [10,19]. Therefore,
the microclimate provided by herbage with high height helped to prevent desiccation
and protected faeces from solar radiation, which favoured the L3 survival. However, it
is important to emphasise that the number of L3 in this environment was significantly
lower than that observed under controlled conditions in the laboratory. Based on the
present results, it is possible to infer that an intensive rotational grazing system that reduces
herbage height to less than 5 cm, along with moving animals to a new paddock in less than
four days, might drastically reduce the risk of high infections during the “rainy season”,
corroborating previous studies [13,19].

In the tropical environment of the Pacific Island of Tongatapu, [29] observed that
hatching and development for all nematode species were rapid and continuous, with a
short survival period on the pasture (3–7 weeks) for the resulting L3. Their results indicated
that a rotational grazing system consisting of ten paddocks, grazed in sequence for 3.5 days
at a time, favoured the control of gastrointestinal nematodes in goats. The results of the
present study demonstrated that 3 days would be sufficient for L3 development under
climatic conditions similar to the ones recorded in the present study, i.e., if the animals
stayed in the same pasture for more than three days, they were at risk of acquiring infective
larvae derived from their own faeces. It is also important to consider that with rotational
grazing, it is possible to increase the stocking rates, which may have an adverse effect due
to an increase in environmental contamination by free-living stages of nematodes [30].

Similarly to H. contortus, the free-living stages of the cattle parasite H. placei developed
well in sheep faeces kept in the incubator. The trends in the development were like those
observed with H. contortus in the different environments. This finding reinforces the concept
that the host–parasite specificity is basically due to the host immune response [20], and it is
not related to poor development of H. placei free-living stages in sheep faeces. These results
indicate that sheep infected only with H. placei may be used as donors of infective larvae of
that species. It is much easier and cheaper to use a sheep as a donor than cattle.

5. Conclusions
H. placei and H. contortus present a similar rate of development in faeces, with the L3

starting to appear after three days in the environment during the rainy season. The results
indicate that intensive grazing of paddocks that reduces grass height, thereby allowing
direct solar exposure to the faeces, associated with a short time of grazing (no longer than
three days), might contribute to the prophylaxis of haemonchosis in sheep during the rainy
season (from late spring to early autumn) in the studied area.
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