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Success of Infection by Parasites

Sajad Farahani*
University of Applied Science and Technology (UAST), Tehran, Iran

Abstract

The success of infection by parasites during the host-parasite coevolution is related to
increasing a parasite’s ability to alter intermediate host behaviour, resulting in higher fitness
of parasites. The “increased host abilities’ hypothesis” posits that parasites manipulate the
behavior of their intermediate hosts or improves its chances of intermediate host survival in
order to enhance their transmission to the next host. Research shows that the transmission
of the parasites to their definitive host is facilitated by ilnon-host predator avoidance by the
intermediate host, which would otherwise prevent completion of the parasite’s life cycle.

Introduction

Parasitesconsist of approximately 50% of the total speciesinecosystems
[1]. In aquatic ecosystems their biomass, is greater than the biomass of
their predators [2]. Parasites dominate the links in food webs. This means
that food webs, which show the flow of energy throughout an ecosystem,
include more parasite-host links, e.g., trophic transmission of the parasite
from one intermediate host to the definitive host, than predator-prey
links [3]. This is true, even though the probability of parasites finishing
their life cycle is controlled by several factors, which include intermediate
and definitive hosts, as well as non-host predators. Parasites start their
development in the intermediate host and can manipulate the physiology
and behaviour of their intermediate hosts [4]. Parasites complete their
life cycle in the definitive host to which the parasites are transmitted by
predation of the intermediate host [4]. At the end of the life cycle, adult
parasites typically mate and reproduce inside the definitive host. The
resulting eggs or larvae are transmitted via defecation of the definitive
host and subsequent infection of the intermediate host [5].

Parasites could act as a digestive food source for non-host predator
[6] or as a non-digestive food source for a paratenic host predator-a
vertebrate host that comes before the definitive host and does not require
a certain developmental stage of the parasite [7]. Digestion by non-
host predators means the end of the parasite’s life cycle and leads to no
fitness for the parasite. The selection pressure on parasites to reach their
definitive host predator is higher than reaching a non-host predator,
because transmission to suitable definitive hosts is mandatory for the
survival of the parasite (life-dinner principle) [8]. The extinction or low
fitness of intermediate or definitive hosts or both could lead to alternative
mechanisms exhibited by parasites to increase their survival and the
completion of their life cycle. For example, parasites have changed their
intermediate hosts within the same family over evolutionary history [9],
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expanded the diversity of definitive host predators
[10], or increased intermediate hosts abilities upon
non-host predators’ avoidance behaviour [11]
resulting in higher survival of parasites, completion
of their life cycle and success in parasite colonization.
Parasites have the ability to acquire both novel native
and invasive intermediate hosts [12].

Increased Host Abilities’ Hypothesis

In “increased host abilities’ hypothesis” both
the parasite and its intermediate host benefit from
increased host ability to survive [11]. This hypothesisis
in opposition of the “handicapped host’ hypothesis”
which emphasizes the handicapping effects of
parasite on infected intermediated hosts. According
to the “increased host abilities’ hypothesis”, it is
the capability of the parasite to affect the host’s
phenotype which is the target of natural selection
[13]. The multi-dimensionality in parasite-induced
changes of the hosts’ phenotype has attracted the
interest of parasitologists [14]. Multi-dimensional
host manipulation denotes the phenomenon when
a single parasite alters multiple phenotypic traits
of its intermediate host [14]. Changes in the micro-
distribution of intermediate hosts are often viewed asa
consequence of multi-dimensional host manipulation
by the parasite to increase its probability of trophic
transmission [15]. Multi-dimensional manipulation
does not have to be specific to be adaptive e.g.,
carotenoid-based coloration of acanthocephalans
has no adaptive value in terms of transmission [16].
Also, when predation risk by non-host predator is
low, even highly nonspecific manipulation strategies
can be adaptive. However, when initial predation risk
is high, manipulation needs to be specific to increase
parasite transmission success [17].

Conclusion

Previous studies have demonstrated that parasites
decreasenon-hostpredator exposurebymanipulating
the behaviour of their intermediate host[18]. To reach
optimal fitness a parasite must keep their infected
intermediate hosts in an optimal balance between
survival - i.e., protection from non-host predator
- and foraging - ie., seeking food or mate[19,20].
The “increased host abilities” hypothesis posits
that parasites have evolved in response to selection
pressures on transmission to the next host, i.e.,
the ability to manipulate the behaviour of the
intermediate hosts in such a way that it increases the
chance of transmission [11,21]. The resent researches
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suggested that parasite ability to alter the host’s
behavior may have evolved to specifically target
sympatric host species [22]. And also, same species
of parasite comprises morphologically similar but
genetically are divergent subspecies [23].

As emphasized at several occasions, natural
selection in a host-parasite system may not
necessarily target host traits directly, but instead
on the ability of parasites to alter hosts traits in a
manner enhancing the trophic transmission of the
parasite [14,17]. This means that the host -parasite
coevolution is directly related to the concept of
the “extended phenotype” introduced by Richard
Dawkins in 1982 [14, 17]. Evidence in support of new
results suggested that modulation of intermediate
host behaviour has evolved through ‘adaptation’
e.g., Acanthocephalans(24] and/or ‘exaptation’ by
nematodes e.g., Marshallagia marshalli [25]. This trait
can potentially be explained as an exaptation of a
parasite manipulating its intermediate host behavior
in a manner that places the intermediate host in
the vicinity of the definitive host. Hence, parasite
evolution may be explained by a shift in function,
from regulation of survival in the intermediate host
to reproduction in the definitive host.

References

1. Hudson PJ, Dobson AP, Lafferty KD. Is a healthy ecosystem one
that is rich in parasites? Trends Ecol Evol. 2006 Jul;21(7):381-
5. doi: 10.1016/j.tree.2006.04.007. Epub 2006 May 18. PMID:
16713014.

2. Preston DL, Orlofske SA, Lambden JP, Johnson PT. Biomass and
productivity of trematode parasites in pond ecosystems. J Anim
Ecol. 2013 May;82(3):509-17. doi: 10.1111/1365-2656.12030.
Epub 2013 Mar 12. PMID: 23488451.

3. Lafferty KD, Dobson AP, Kuris AM. Parasites dominate food
web links. Proc Natl Acad Sci U S A. 2006 Jul 25;103(30):11211-
6. doi: 10.1073/pnas.0604755103. Epub 2006 Jul 14. PMID:
16844774; PMCID: PMC1544067.

4. Tain L, Perrot-Minnot MJ, Cézilly F. Altered host behaviour
and brain serotonergic activity caused by acanthocephalans:
evidence for specificity. Proc Biol Sci. 2006 Dec
22;273(1605):3039-45. doi: 10.1098/rspb.2006.3618. PMID:
17015346; PMCID: PMC1679890.

5. de Vries LJ, van Langevelde F. Two different strategies of host
manipulation allow parasites to persist in intermediate-definitive
host systems. J Evol Biol. 2018 Mar;31(3):393-404. doi: 10.1111/
jeb.13230. Epub 2018 Feb 2. PMID: 29282789.

6. Thieltges DW, Amundsen PA, Hechinger RF, Johnson PTJ,
Lafferty KD, Mouritsen KN, Preston DL, Reise K, Zander CD,
Poulin R. Parasites as prey in aquatic food webs: Implications

Farahani S (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1780



Lif&Pature

for predator infection and parasite transmission. Oikos
2013;122:1473-1482.

7. Médoc V, Rigaud T, Motreuil S, Perrot-Minnot MJ, Bollache
L. Paratenic hosts as regular transmission route in the
acanthocephalan Pomphorhynchus laevis: potential implications
for food webs. Naturwissenschaften. 2011 Oct;98(10):825-
35. doi: 10.1007/s00114-011-0831-y. Epub 2011 Aug 4. PMID:
21814810.

8. Dawkins R, Krebs JR. Arms races between and within species.
Proc R Soc Lond B Biol Sci. 1979 Sep 21;205(1161):489-511. doi:
10.1098/rspb.1979.0081. PMID: 42057.

9. Lyndon AR, Kennedy CR. Colonisation and extinction in relation
to competition and resource partitioning in acanthocephalans
of freshwater fishes of the British Isles. Folia Parasitol (Praha).
2001;48(1):37-46. doi: 10.14411/fp.2001.007. PMID: 11266134.

10.Vanacker M, Masson G, Beisel JN. Host switch and infestation
by Ligula intestinalis L. in a silver bream (Blicca bjoerkna L.)
population. Parasitology. 2012 Mar;139(3):406-17. doi: 10.1017/
S003118201100206X. Epub 2012 Jan 5. PMID: 22217256.

11.Medoc V, Beisel JN. An acanthocephalan parasite boosts the
escape performance of its intermediate host facing non-host
predators. Parasitology. 2008 Jul;135(8):977-84. doi: 10.1017/
S0031182008004447. Epub 2008 May 14. PMID: 18477417.

12.Bauer A, Haine ER, Perrot-Minnot MJ, Rigaud T. The
acanthocephalan parasite Polymorphus minutus alters the
geotactic and clinging behaviours of two sympatric amphipod
hosts: The native Gammarus pulex and the invasive Gammarus
roeseli. Journal of Zoology. 2005;267:39-43. doi: 10.1017/
S0952836905007223.

13.Thomas F, Adamo S, Moore J. Parasitic manipulation: where
are we and where should we go? Behav Processes. 2005 Mar
31;68(3):185-99. doi: 10.1016/j.beproc.2004.06.010. Epub 2005
Jan 18. PMID: 15792688.

14.Cézilly F, Perrot-Minnot MJ. Interpreting multidimensionality
in parasite-induced phenotypic alterations: Panselectionism
versus parsimony. Oikos. 2010;119:1224-1229.

15.Lagrue C, Kaldonski N, Perrot-Minnot MJ, Motreuil S, Bollache L.
Modification of hosts' behavior by a parasite: field evidence for
adaptive manipulation. Ecology. 2007 Nov;88(11):2839-47. doi:
10.1890/06-2105.1. PMID: 18051653.

16.Jacquin L, Mori Q, Pause M, Steffen M, Medoc V. Non-specific
manipulation of gammarid behaviour by P. minutus parasite
enhances their predation by definitive bird hosts. PLoS One.
2014 Jul 7,9(7):e101684. doi: 10.1371/journal.pone.0101684.
PMID: 25000519; PMCID: PMC4084987.

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

17.Seppédla O, Jokela J. Host manipulation as a parasite
transmission strategy when manipulation is exploited by non-
host predators. Biol Lett. 2008 Dec 23;4(6):663-6. doi: 10.1098/
rsbl.2008.0335. PMID: 18700200; PMCID: PMC2614144.

18.Friman VP, Lindstedt C, Hiltunen T, Laakso J, Mappes J.
Predation on multiple trophic levels shapes the evolution of
pathogen virulence. PLoS One. 2009 Aug 25;4(8):¢6761. doi:
10.1371/journal.pone.0006761. PMID: 19707586; PMCID:
PMC2726984.

19.Dianne L, Perrot-Minnot MJ, Bauer A, Gaillard M, Léger E, Rigaud
T. Protection first then facilitation: a manipulative parasite
modulates the vulnerability to predation of its intermediate
host according to its own developmental stage. Evolution. 2011
Sep;65(9):2692-8.  doi:  10.1111/j.1558-5646.2011.01330.x.
Epub 2011 May 28. PMID: 21884065.

20.Dianne L, Perrot-Minnot MJ, Bauer A, Guvenatam A, Rigaud T.
Parasite-induced alteration of plastic response to predation
threat: increased refuge use but lower food intake in Gammarus
pulex infected with the acanothocephalan Pomphorhynchus
laevis. Int J Parasitol. 2014 Mar;44(3-4):211-6. doi: 10.1016/j.
ijpara.2013.11.001. Epub 2013 Dec 1. PMID: 24291320.

21.Beisel JN, Médoc V. Bird and amphipod parasites illustrate a
gradient from adaptation to exaptation in complex life cycle.
Ethology Ecology and Evolution. 2010;22:265-270.

22.Farahani S, Palsbgll PJ, Pen |, Komdeur J. Effects of parasites
upon non-host predator avoidance behaviour in native and
invasive gammarids. Parasitology. 2021 Mar;148(3):354-360.
doi: 10.1017/S0031182020002140. Epub 2020 Nov 13. PMID:
33183360; PMCID: PMC7890349.

23.Grabner D, Doliwa A, Bulantova J, Horak P, Sures B. Morphological
comparison of genetically differentiated Polymorphus cf.
minutus types. Parasitol Res. 2020 Jan;119(1):153-163. doi:
10.1007/s00436-019-06525-1. Epub 2019 Nov 30. PMID:
31786696.

24 Fayard M, Dechaume-Moncharmont FX, Wattier R, Perrot-Minnot
MJ. Magnitude and direction of parasite-induced phenotypic
alterations: a meta-analysis in acanthocephalans. Biol Rev Camb
Philos Soc. 2020 Oct;95(5):1233-1251. doi: 10.1111/brv.12606.
Epub 2020 Apr 27. PMID: 32342653.

25.Aleuy OA, Peacock S, Hoberg EP, Ruckstuhl KE, Brooks T, Aranas
M, Kutz S. Phenotypic plasticity and local adaptation in freeze
tolerance: Implications for parasite dynamics in a changing
world. Int J Parasitol. 2020 Feb;50(2):161-169. doi: 10.1016/j.
ijpara.2019.12.004. Epub 2020 Jan 29. PMID: 32004511.

How to cite this article: Farahani S. Success of Infection by Parasites. 2023 July 31; 4(7): 1153-1155. doi: 10.37871/jbres1780, Article
ID: JBRES1780, Available at: https://www.jelsciences.com/articles/jbres1780.pdf

Farahani S (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1780



