Pre prints.org

Article Not peer-reviewed version

Hypobiosis and Development of
Haemonchus contortus and
Trichostrongylus colubriformis
Infection in Lambs under Different
Levels of Nutrition

Nadino Carvalho, José Henrique das Neves , Caio Santos Pennacchi,

Alessandro Francisco Talamini do Amarante

Posted Date: 28 August 2023
doi: 10.20944/preprints202308.1831.v1

Keywords: Nutrition; epidemiology; sheep; eosinophils; immune response

E Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of

E Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1636096
https://sciprofiles.com/profile/2824443

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 August 2023 d0i:10.20944/preprints202308.1831.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Hypobiosis and Development of

Haemonchus contortus and

Trichostrongylus colubriformis Infection in Lambs
under Different Levels of Nutrition

Nadino Carvalho 1, José Henrique das Neves 2, Caio Santos Pennacchi 2
and Alessandro Francisco Talamini do Amarante 3*

! Departamento de Medicina Veterinaria, Fundagao Universidade Federal de Rondonia (UNIR), Rolim de
Moura, RO, Brazil; nadino@unir.br; https://orcid.org/0000-0002-2552-8827

2 Universidade Estadual Paulista (UNESP), Faculdade de Medicina Veterindria e Zootecnia, Botucatu, SP,
Brazil; nevesjhvet@hotmail.com; https://orcid.org/0000-0003-3231-1113 and caiopennacchi@gmail.com;
https://orcid.org/0000-0002-1043-131X

3 Universidade Estadual Paulista (UNESP), Instituto de Biociéncias, Botucatu, SP, Brazil;
alessandro.amarante@unesp.br; https://orcid.org/0000-0003-3995-5501

* Correspondence: alessandro.amarante@unesp.br

Abstract: The influence of four levels of dietary supplementation on the development of the immune
response and on the biology of Haemonchus contortus and Trichostrongylus colubriformis was
evaluated in Dorper lambs under serial artificial mixed-infections with 1000 infective larvae (L3) of
each species, given every three days for 12 weeks. For each of the four diets formulated, one infected
group (n=7) and one control group (n=4) were set up. Diets 1, 2, 3 and 4 contained 0%, 25%, 50% and
75% of concentrate, respectively. There was an evident immune response to infection in all groups,
manifested through eosinophilia and production of anti-L3 immunoglobulins. There was a
significant inverse relationship between the levels of nutrients in the diets and the numbers of late
fourth-stage larvae, early fifth-stage larvae and adults of H. contortus. Most of the H. contortus
parasite population was in hypobiosis at the early-fourth stage, representing 59.5%, 75.8%, 83.3%
and 86.3% of the total Haemonchus worm burden, respectively, in the Diets 1,2, 3 and 4. In the case
of T. colubriformis, hypobiosis was not observed and the diet had no influence on establishment of
the parasite.

Keywords: Nutrition; epidemiology; sheep; eosinophils; immune response

1. Introduction

Haemonchus contortus and Trichostrongylus colubriformis are considered to be the most important
gastrointestinal nematodes of sheep in Brazil [1,2]. T. colubriformis causes disorders in the mucosa of
the small intestine, which affect digestion and absorption of nutrients and leads to impairment of
feed utilization [3-5]. Blood-sucking H. contortus parasitism leads to anemia, weakness and
frequently deaths, particularly among young sheep and periparturient ewes [6,7]. Populations of
both H. contortus and T. colubriformis with multidrug resistance are widespread [8-10], which make
it challenging to provide proper prophylaxis for parasitic infections and, in some circumstances,
impractical to have sheep production under the existing grazing conditions.

Significant reductions in performance occur among young sheep that are mix-infected with H.
contortus and T. colubriformis. Dorper lambs under conditions of serial artificial infection showed a
13.7% reduction in food consumption, 21.3% reduction in daily body weight gain and 16.6%
reduction in cold carcass weight [11]. A study on grazing lambs showed that supplemented animals
had lower FECs compared with unsupplemented groups [12].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Under a climate characterized by warm, rainy summers and dry winters, there is no seasonality
in the transmission of H. contortus and T. colubriformis to sheep. Large worm burdens may develop
even during periods of drought, due to the presence of infective larvae, which are able to survive
despite the low environmental humidity [1]. The infective larvae are considerably resilient, and can
survive on pasture for periods of some months, provided that temperatures are not extreme and
moisture is sufficient [13].

Once an infective larva has been ingested by a host, its success in becoming established in the
digestive tract depends on factors related to the host’s immune response. The optimal situation occurs
when larvae are ingested by a naive host. Conversely, in sheep that have developed immunity as a
result of ongoing infections, establishment of larvae may be drastically reduced [14,15]. In this case,
the infective larvae are often unable to settle in the mucosa and are eliminated. The development of
the immune response is related with the release of epithelial-derived cytokines that activates a variety
of innate immune cells that promote adaptive Th2 responses. Type 2 cytokines, either from innate or
adaptive origin, activate effector mechanisms at the gut tissue. IL-5 and IL-9 recruit eosinophils and
mast cells and IL-13 enhances the turnover of the epithelium. Goblet cell hyperplasia, augmented
mucus production along with changes in its composition, production of resistin-like molecule b
(RELM-b), and increased muscle contractility are common effector mechanisms against helminths
driven by both IL-4 and IL-13. All these local changes favor parasite dislodging and clearance [16].

As a way to evade the immune response of the host, the development of infective larvae that
manage to become established becomes inhibited, usually when the larvae are at the early fourth
stage (early-L4). This process of inhibition is called hypobiosis, dormancy or arrested development.
In the case of H. contortus, about 90% of hypobiotic larvae are recovered from the abomasal contents
and washings, thereby suggesting that early-L4 may be only loosely attached to the abomasal mucosa,
from which they may be dislodged during the processing of the abomasa for worm examination [17].

Some evidence suggesting a connection between presence of adult worms and inhibition of
development exists. Hypobiosis might involve a threshold of infection that is regulated by the adult
worm population that has already become established in the gastrointestinal tract. It was found that
greater numbers of inhibited H. contortus larvae were present when a challenge was superimposed
on extant infections, thus indicating that resident worms or a factor activated by their presence
induced developmental arrest [14,18,19].

Hypobiosis may also be triggered when the environmental conditions are adverse for
development and survival of the free-living stages. Because the infective stage of H. contortus is highly
susceptible to winter conditions, hypobiosis is usually the major factor in overwinter survival in cold
temperate zones, with arrested development of the majority of infective larvae ingested in autumn.
Rapid development during short periods of high summer temperatures can lead to haemonchosis [7].

There are also indications that hypobiosis can occur due to lack of moisture in markedly seasonal
climates with long and hot dry seasons, in semi-arid regions, which are also adverse for development
and survival of the free-living stages. Under such conditions, hypobiosis largely explains the common,
though sporadic, outbreaks of haemonchosis. There have been instances when acute haemonchosis
was reported during the dry season, even before the onset of the rains in semi-arid areas of Kenya.
The source of this disease was attributed to resumption of the development of hypobiotic larvae [17].

Although less frequent, there are also reports of inhibited development of Trichostrongylus spp.
While other trichostrongylids are inhibited as early-L4 larvae, Trichostrongylus spp. is found
inhibited as L3 [20,21]. According to [20], in the Netherlands, the main cause of inhibition of
Trichostrongylus spp. is presumably immunity of the adult sheep.

Because of the importance of hypobiosis in the epidemiology of parasitic gastroenteritis, the
present experiment was carried out with the aim of determining, under controlled conditions of
infection and nutrition, what influence four levels of dietary supplementation would have on the
development of the immune response and on the biology of H. contortus and T. colubriformis, in
Dorper lambs under serial artificial infections.
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2. Materials and Methods

All the procedures involving animals in this study were conducted in accordance with
international ethical standards and were approved by the local ethics committee on animal use
(protocol number 78/2014-CEUA; FMVZ/UNESP).

2.1. Description of the experiment

Details of the experimental design of the present study were published previously by [11].
Briefly, we used lambs raised in pens from birth with low exposure to helminth infection. On arrival
at the University facilities, nematode fecal egg counts (FEC) by means of the McMaster technique [22]
demonstrated that two animals had 100 eggs per gram of feces (EPG) of Strongyloides papillosus and
neither of them was shedding strongylid eggs. However, through using the Willis method, which is
more sensitive [22], it was found that 11 animals were infected with strongylids and 42 were infected
with S. papillosus. For this reason all animals were dewormed before the beginning of the study. No
nematode eggs were found in fecal examinations performed 14 days after the anthelmintic treatment.

The lambs were fed with one of the following four diets: Diet 1 - hay alone (7.4% metabolizable
protein (MP) and 1861 kcal/kg of metabolizable energy (ME)); Diet 2 - proportions of 75% hay and
25% concentrate (8.8% MP and 2133 kcal/kg ME); Diet 3 - proportions of 50% hay and 50% concentrate
(10.2% MP and 2418 kcal/kg ME); and Diet 4 - proportions of 25% hay and 75% concentrate (11.5%
MP and 2726 kcal/kg ME). The experiment used a completely randomized 2 x 4 factorial design
(infected or control x four diets) with 44 Dorper lambs, randomized to the eight treatments as follows:

¢ Diet 1 - Infected (n=7) and Control (n = 4);

¢ Diet 2 - Infected (n =7) and Control (n = 4);

® Diet 3 - Infected (n =7) and Control (n =4);

¢ Diet 4 - Infected (n=7) and Control (n = 4).

One animal in the infected group that received Diet 4 was excluded from the experiment because
it did not adapt to the diet and showed clinical signs of ruminal acidosis. For this reason, this group
was made up of six lambs.

The diets for this experiment consisted of ground coast cross hay (Cynodon dactylon) and
concentrate formulated with ground corn, soybean meal, calcitic limestone, urea and ammonium
chloride [11]. Before the beginning of the serial infections, the animals were subjected to a period of
adaptation to the diets over three weeks. The lambs were kept in individual pens (3 m2), where they
had free access (ad libitum) to the diets and water. At the time of the initial infection, the lambs were
four months of age and had a mean body weight of 31.5 + 3.24 kg.

2.2. Nematode isolates, production of infective larvae and serial infections

The T. colubriformis isolate was obtained in 2003 from a sheep that was naturally infected with
Haemonchus spp. and Trichostrongylus spp. In order to eliminate Haemonchus and thus isolate the
infective T. colubriformis larvae, two treatments with organophosphate were carried out (June 12, 2003,
and July 4, 2003), at a dose of 100 mg/kg body weight (Neguvon-Bayer), which caused elimination of
the Haemonchus infection [23].

The H. contortus isolate was obtained from two male lambs acquired in Pratania, state of Sao
Paulo, in May 2006 [24]. Upon arrival at the UNESP facilities, the animals were treated with
moxidectin (200 ug/kg, Cydectin NF*, 1% injectable solution, Fort Dodge®). On that day, the two
lambs presented 1100 and 3200 EPG. In coprocultures, only Haemonchus larvae were present. Seven
days after treatment, the animals showed increases in EPG counts, respectively to 5600 and 7400 EPG,
and coprocultures confirmed that the animals were only infected by Haemonchus spp. Since the time
of isolation, infective larvae (L3) of both isolates have been kept frozen in liquid nitrogen.

For production of the L3 used in the present trial, we used two donor lambs for each nematode
species. These lambs were infected immediately after the preserved larvae had been thawed.
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Each animal in the infected groups received 1,000 L3 of H. contortus and 1,000 L3 of T.
colubriformis every three days, thus totaling 28,000 infective larvae of each species over the 12 weeks
of the infection period.

2.3. Blood samples

Once a week, blood samples (5 mL) were collected by means of jugular vein puncture, into
Vacutainer® tubes containing anticoagulant (EDTA). Blood eosinophils were quantified and the
excess blood was centrifuged to collect plasma, which was stored at —20 °C for further immunological
tests.

2.4. Worm examination

All the lambs were slaughtered at the end of the trial, four days after the last infection, for
recovery and enumeration of parasites. After they had been euthanized, the abomasa and small
intestines were frozen at -20 °C. Subsequently, after thawing, each organ was washed separately in
saline solution and their contents fixed in 5% formaldehyde. The abomasal and small intestine
contents were collected and the parasites present in a 10% subsample were counted, sexed and
classified according to their stage of development and species [22].

2.5. Enzyme-linked immunosorbent assay (ELISA)

The plasma levels of IgG antibodies against total antigens of H. contortus and T. colubriformis L3
were estimated using ELISA. The antigen production method was previously described by [25], and
the protocol for measuring the parasite-specific plasma IgG levels was as described by [26], with the
following modifications: plates were coated with 2.5 pg/ml of antigen and peroxidase conjugate
diluted 1:20,000. The results were expressed as the percentage of the optical density value (OD) of the
positive standard serum, by means of the following formula: % OD = [(OD mean of the tested serum
— OD mean of blank)/(OD mean of the positive standard serum — OD mean of blank)] x 100 [27].

2.6. Statistical analysis

The data were assessed using analysis of variance for the variables with just one measurement
(EPG and worm counting). For the weekly measurements (eosinophils and IgG), repeated-
measurement analysis using the general linear models (GLM) procedure of the Statistical Analysis
System, version 9.4 [28] was used. Diet and infection status were the classes evaluated. Averages
were compared by means of Tukey’s test at a 5% significance level, and only significant interactions
at this level were reported in the results. Data on worm counting were analyzed under log
transformation (log (x+1)).

The association between the average number of worms and the chemical composition of the
diets (metabolizable protein and metabolizable energy) was evaluated by means of linear regression.

3. Results

3.1. Haemonchus contortus

With regard to averages (with minimum-maximum values) for H. contortus total worm counts,
10269 worms (6380-13240) were recorded in Diet 1; 6916 (530-9470) in Diet 2; 8153 (350- 13090) in Diet
3; and 7227 (830-12730) in Diet 4, which corresponded to mean (upper and lower confidence interval
limits (95%)) rates of establishment , respectively, of 36.7% (29 - 44), 24.7% (15 — 34), 29.1% (15 — 43)
and 25.9% (11 — 41) for the infective larvae (28000 L3) that were administered to the lambs during the
trial. Within the H. contortus worm population that became established, most specimens were found
at the early-L4 stage (Figure 1), which represented 59.5% (39.6 - 79.4), 75.8% (62.7 - 89.0), 83.3% (71.8
-94.7) and 86.3% (69.3 - 103.2) of the total Haemonchus worm burden in the Diet 1, 2, 3 and 4 groups,
respectively. This result indicates that larval development of H. contortus had become inhibited
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(hypobiosis). Averages of late-L4 males, early-L5 males and adult females were significantly lower
in the Diet 4 in comparison with Diet 1 group (P<0.05).

Haemonchus contortus
8000+

. 6000+

Worms 1S.E
iy
[—)
[—J
S

2000+

Trichostrongylus colubriformis
6000+

2000+

Figure 1. Average worm counts for Haemonchus contortus and Trichostrongylus colubriformis in lambs
serially infected 28 times, every three days, with 1000 H. contortus and 1000 T. colubriformis larvae. The
lambs were fed with Diet 1 (7.4% metabolizable protein (MP) and 1861 kcal/kg metabolizable energy
(ME)); Diet 2 (8.8% MP and 2133 kcal/kg ME); Diet 3 (10.2% MP and 2418 kcal/kg ME); or Diet 4 (11.5%
MP and 2726 kcal/kg ME). L =larvae; F = female; M = male.

Figure 2 presents the results regarding the association between H. contortus worm counts and
the levels of metabolizable protein (MP). There was no association between the level of MP in the diet
and the early-L4 counts (r =-0.25; P > 0.05). Conversely, significant inverse associations were detected
between MP and the other stages of development of Haemonchus with correlation coefficients
ranging from -0.92 to -0.99. For example, the numbers of adults, i.e. the most pathogenic stage,
corresponded to 10.6%, 5.1%, 4.8% and 3.3% of the numbers of L3 given, respectively, in diets 1, 2, 3
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and 4. The correlation coefficients between metabolizable energy (ME) and the total number of H.
contortus worms matched those obtained using MP. To avoid repetition, they are not presented here.
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Figure 2. Relationship between the average numbers of specimens of each stage of development of H.

contortus and the level of metabolizable protein in the four diets. The average for each group is

represented by a dot. r: correlation coefficient; L4: fourth-stage larvae; and L5: fifth-stage larvae

(juveniles).
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3.2. Trichostrongylus colubriformis

No group differences were detected regarding T. colubriformis worm counting (P>0.05); and no
significant correlations between worm counts and levels of MP or ME in the diets. The T. colubriformis
worm burdens were as follows: 8191 (6800-10490) in Diet 1; 9493 (6780-11830) in Diet 2; 8654 (4240-
12230) in Diet 3; and 7897 (3320-9690) in Diet 4. These corresponded to establishment of 29.3% (25 -
33), 33.9% (28 - 40), 30.9% (22 - 40) and 28.2% (19 - 37), respectively, of the 28000 L3 specimens that
were given to the lambs during the trial. Differently from Haemonchus, most of the T. colubriformis
worms were found in the adult stage (Figure 2) with percentages of 95.4%, 94.6%, 96.2% and 98.0%
of the total worm burden in the groups with Diets 1, 2, 3 and 4, respectively. Therefore, there was no
evidence of arrested development in T. colubriformis.

The non-infected control lambs did not present worms at the end of the trial.

3.3. Immune response

Infection had a significant effect on eosinophil counts (P < 0.001). The averages in the non-
infected control groups remained below 350 eosinophils/uL of blood during the study, while the
infected lambs showed increases in blood eosinophil counts (Figure 3), with significant differences
(P <0.05) between infected and non-infected animals from day 14 until the end of the trial (Figure 3).
No significant diet * infection interaction and no diet effect were recorded in relation to blood

eosinophils (P > 0.05).
-@- Diet 1 - Control -# Diet | - Infected
-o- Diet 2 - Control -~ Diet 2 - Infected
-&- Diet 3 - Control - Diet 3 - Infected
2000- -4- Diet4 - Control -+ Diet 4 - Infected

Mean blood eosinophils = S.E.

Figure 3. Average numbers of blood eosinophils (cells/uL) of lambs serially infected 28 times, every
three days, with 1000 H. contortus and 1000 T. colubriformis larvae. The lambs were fed with Diet 1 (7.4%
metabolizable protein (MP) and 1861 kcal/kg metabolizable energy (ME)); Diet 2 (8.8% MP and 2133
kcal/kg ME); Diet 3 (10.2% MP and 2418 kcal/kg ME); or Diet 4 (11.5% MP and 2726 kcal/kg ME).
There was a significant infection effect (P < 0.05) from day 14 to day 84.

Significant time * infection interactions (P < 0.0001) occurred in relation to IgG values. Sharp
increases in the averages for IgG anti-H. contortus and anti-T. colubriformis L3 antigens were observed,
with significant infection effects (P < 0.05), starting at days 28 and 42 post-infection, respectively, for
T. colubriformis and H. contortus, and continuing until the end of the study (Figure 4). The IgG levels
remained high and stable in the last three samplings from the infected animals. No diet effect was
recorded (P > 0.05).
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Figure 4. Average values of IgG anti-Haemonchus and anti-Trichostrongylus L3 antigens (percentages
of the optical density of the positive control) in lambs in the non-infected control group and in lambs
serially infected 28 times, every three days, with 1000 H. contortus and 1000 T. colubriformis larvae. The
lambs were fed with Diet 1 (7.4% metabolizable protein (MP) and 1861 kcal/kg metabolizable energy
(ME)); Diet 2 (8.8% MP and 2133 kcal/kg ME); Diet 3 (10.2% MP and 2418 kcal/kg ME); or Diet 4 (11.5%
MP and 2726 kcal/kg ME). *Significant infection effect (P < 0.05).

4. Discussion

An inverse relationship between the levels of nutrients in the diets (MP and ME) and the
numbers of late-L4, early-L5 and adults of H. contortus was observed based on the high negative
correlation coefficient recorded between the average numbers of specimens of each stage of
development and the level of metabolizable protein in the four diets. These results clearly showed
that the quality of the diet had a significant impact on H. contortus parasitism. This finding was in
agreement with those of other studies, which also showed that resistance to nematodes was
influenced by diet [29], and particularly by the supply of metabolizable protein [30]. There was an
evident immune response to infection in the lambs of all diet groups, manifested by eosinophilia and
production of anti-L3 immunoglobulins in comparison with the non-infected controls. These results
are in agreement with studies conducted with infected and non-infected sheep demonstrating an
important role of innate and adaptative response against helminth infection [16]. However, even the
animals fed only with hay were able to produce antibodies and inflammatory cells in numbers similar
to those observed in the other supplemented groups. Therefore, it was not possible to detect any
influence from the diets on these immunological variables.
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Multiple pathways related to the immune response and tissue repair play critical roles in the
resistance process. The type 2 immune response (Th2) has evolved to direct the wound-healing
machinery not only to repairing and remodeling tissue but also to mediating the containment,
destruction or expulsion of helminths [31]. The Th2 response induces mast cell hyperplasia,
eosinophilia and production of anti-parasite immunoglobulins, as demonstrated in the infected
lambs of the present trial. Resistance has been correlated also with hemostasis, which is important
for stopping bleeding, thereby deterring parasite feeding. This, in association with increased mucus
production could accelerate parasite expulsion [32]. Therefore, it is possible that with an increase in
diet quality, parasites may find a less friendly environment in well-nourished lambs, which would
lead to reduction of the numbers of larvae under development and the numbers of adult worms. In
this context, animals kept on a nutrient-rich diet would be able to respond more efficiently, with
greater capacity for clotting and for repairing tissue damage, thus reducing the harm caused by H.
contortus.

There was a marked difference between the species regarding the developmental stages at which
the parasites were found. While we did not find evidence of hypobiosis involving T. colubriformis,
most of the H. contortus parasite population was in the early fourth stage, thus indicating inhibition
of development. In the present trial, in which infection was administered over a 12-week period, the
early-L4 stage represented 56.4%, 67.2%, 78.4% and 77.4% of the total Haemonchus worm burden,
respectively, in the groups fed with Diets 1, 2, 3 and 4. In other studies conducted in our laboratory,
a single infection administered to worm-free lambs, consisting of 4000 L3 of H. contortus, resulted in
the presence of adult worms almost entirely, in counts performed between 28 and 42 days post-
infection [15]. The opposite occurred when lambs acquired natural infections while grazing on
contaminated pasture. In this case, the proportion of H. contortus early-L4 larvae was relatively high
[1,33].

Interestingly, in the animals of the same trials that were also infected with T. colubriformis,
virtually the entire population of T. colubriformis recovered was made up of adults [1,33]. Similar
results were reported in the United States, from St. Croix x Dorset lambs that were kept on
contaminated pasture for eight weeks [34]. Those lambs had parasite counts of 1535 adults and 2964
early-L4 larvae of H. contortus. The same animals also had a high T. colubriformis worm burden (17471
adult worms), but without evidence of inhibited development in this species. Our results, as well as
those of [19], indicated that in the case of H. contortus, the existence of an adult population established
in the abomasum is important for induction of hypobiosis. Similarly, some evidence suggesting a
connection between the presence of adult worms and inhibition of development of Ostertagia ostertagi
in cattle exists [35].

In the present experiment, as well as in other studies on T. colubriformis, adult worms
predominated, regardless of the type of infection (natural or artificial) (3,34). Therefore, in lambs, the
phenomenon of hypobiosis apparently does not occur in T. colubriformis, or it is far less important in
comparison with its occurrence in H. contortus. However, (21) found L3 of T. colubriformis in a state of
hypobiosis and drew attention to the difficulty in quantifying the parasites at this stage, which could
lead to underestimating the real number of worms in hypobiosis.

In Brazil, investigations on the importance of hypobiosis in the epidemiology of parasitic
gastroenteritis are scarce. It is likely that hypobiosis plays an important role in outbreaks that occur
during the periparturient relaxation of immunity in ewes. Outbreaks of haemonchosis have also been
reported in small ruminants during periods of prolonged drought, when it is unlikely that there is
any source of environmental infection. In this case, the resumption of the development of hypobiotic
larvae is possibly involved in these outbreaks. Therefore, the present results show that more attention
should be given to hypobiosis in epidemiological studies and also to designing approaches for
sustainable control of parasitic gastroenteritis. The efficacy of anthelmintic treatments against
hypobiotic larvae is possibly reduced. A similar problem can occur with the vaccine against
haemonchosis (Barbervax®), because the worms are affected when they ingest blood with antibodies
produced by vaccinated sheep, which attach to the lining of the worm intestine, blocking digestion
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and starving the parasite. Because the larvae in hypobiosis are not feeding, they might survive. These
issues need to be addressed in further studies.

5. Conclusions

As the amount of metabolizable energy and metabolizable protein in the diet of Dorper lambs
increased, there were decreases in the recovery of H. contortus at late-L4, early-L5 and adult stages.
However, there was no effect from the diet on the numbers of hypobiotic larvae (early-L4), which
became the predominant stage in the H. contortus abomasal population at the end of 12 weeks of serial
infections. In the case of T. colubriformis, the phenomenon of hypobiosis was not observed, and the
diet had no influence on establishment of the parasite.

There was an evident immune response to infection in the lambs of all diet groups, manifested
by eosinophilia and production of anti-L3 immunoglobulins in comparison with the non-infected
controls, but it was not possible to detect any influence from the diets on these immunological
variables.
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