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Parasites: Friend or foe?

Muhammed Amla

Accounting for nearly 40% of all species on Earth', parasites are organisms which survive and reproduce
by forming symbiotic relationships with other organisms (known as hosts in this relationship) which benefit
the parasite and generally harm the host. Many parasites cause death and disease, but they also have
helpful roles in health, industry, crime, and agriculture.

Why are parasites important?

While they are not holidaying in your guts or using their host as live cocoons?, parasites can actually be
greatly beneficial, from improving agriculture to triggering major evolutionary changes:

Farming

With an estimated 20-40% of global agriculture lost to insects, parasites may offer a far more effective
solution than damaging farmlands with costly pesticides. Parasitoids are insects behaving like parasites
that kill their hosts in the process?, with many naturally preying on crop pests.

One example is the Aphidius ervi, a parasitic wasp that lays its eggs in aphids, turning the aphids into a
parasitised mummy*. Within 2 weeks, the offspring eat their way out of the aphid, searching for more
aphids and perpetuating the cycle.

UK rapeseed oil production is hindered by midges. Several wasp parotoids, such as the Platygaster
subuliformis attack these midges, killing up to 75% of their larvae®. This non- chemical control of pests not
only reduces damage to farmland, but also to health of the farmers. Indeed, it is widely accepted that long-
term pesticide exposure is linked to Parkinson’s disease, asthma, depression, ADHD, anxiety, and
cancers®.
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Figure 1: Monarch survival to adulthood when exposed to the protozoan parasite, fly alone, and the
protozoan and fly combined™®

Boosting the immune system

Being infected is not always a terrible thing. In some cases, it can supply more benefits, such as increased
protection in hosts from infection by pathogens. Enterococcus faecali, a mildly pathogenic bacteria living in
worms, can evolve rapidly to protect their hosts from more lethal infections’. This blurs the line between
parasitic relationships, where the parasite feeds from the host while causing harm, and mutualistic
relationships, where the parasite and host both provide benefits to each other.

There are two forms of protection a parasite can provide to its hosts: resistance, and tolerance?®. Parasites
that provide resistance reduce the likelihood of other species infecting. For example, bacteria in the gut
resist the invasion of non-native species. This specific example is also known as colonisation resistance®.
Meanwhile, parasites providing tolerance reduce the harm of another invading species. For example, when
Monarch Butterfly Larvae are inoculated with Ophryocystis elektroscirrha, a virulent protozoan parasite,
they have a higher chance of survival when attacked by the lethal parasitoid fly, Lespesia archippivora,
than if exposed to the parasitoid alone (Figure 1)°.

Research has shown that when infected with an intestinal worm, the number of lymphoid follicles
(microscopic compartments storing B cells, which produce antibodies against pathogens) in mice
increased.

The body naturally produces more B cells to increase antibody production in response to an infection, but it
does not typically increase the number of lymphoid follicles. However, upon infection with intestinal worms,
a cytokine molecule (IL-4) is produced which stimulates B cells to produce lymphotoxin. This then interacts
with stromal cells, which produce another cytokine (CXCL13) stimulating follicle production in the lymph
nodes™".
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B cell follicle formation was previously thought to only occur during the post-natal period (immediately after
birth), but this research showed that this process can also occur in adult mammals in the event of a worm
infection'. While it is not recommended to use intestinal worms directly to boost the immune system, it is
important to note that they do strengthen the immune system uniquely and this may shape novel research
and ultimately treatment strategies in the future.

Another study involving amphibian hosts and trematode parasites displayed how parasite richness not only
dampens pathogen transmission, but also inhibits the spread of Ribeiroia ondatrae, a deadly parasite which
causes limb malformations in amphibians’.

Driving evolutionary change

While there are a wide variety of other factors that influence evolutionary change and diversity, it can be
said that parasitic organisms could also have played a key role. It is important to note that the following are
mainly theories, with many other factors contributing towards evolutionary change, as opposed to
exclusively or mainly parasites.

It is hypothesised that parasites drive organisms to become more diverse and complex.

The constant evolutionary arms race between the two promote increased defences by the host against the
parasite, meanwhile the parasite increases its effectiveness to infect its host. Using computer programs
and parasitic programs in a simulation, it demonstrated how diverse lineages arise from the coevolution of
hosts and parasites, encouraging then to form complex traits'*. Similar demonstrations with bacteria® also
indicate the importance of parasites, showing a noticeable effect on population dynamics and evolution.

Parasites and sex

Another hypothesis is parasites could have influenced the existence of sexual reproduction. One advantage
gained, from shuffling genes and producing genetically diverse offspring, is surviving parasites more
effectively. The presence of parasites can encourage the constant genetic turnover and force hosts to keep
evolving®®.

An experiment conducted with worms and parasites displayed how selfing populations were wiped out
within 20 generations, as opposed to outcrossing populations which persisted throughout the experiment?”.
Male snails also start to disappear from the population in areas where parasites are rare, favouring asexual
reproduction over sexual, due to the substantial costs of sexual reproduction?®.

Parasites and the brain

Certain parasites have been known to manipulate host behaviour, for example Toxoplasma gondii, which
diminishes a rodent’s predator evasion around cats, turning it into an easy meal. Other examples include
rabies, and some sexually transmitted pathogens have been known to influence sexual behaviour. It can be
suggested that the human central nervous system has evolved to be incredibly complex as a protective
countermeasure against parasites that influence behaviour.

The blood brain barrier is a first line defence from pathogens and toxins present within the bloodstream™. In
the constant arms race,

there are other parasites that have evolved to pass the barrier using white blood cells and monocytes as a
mode of transport®®. Some parasites can cleverly manipulate behaviour externally, for example Toxoplasma
gondii increases dopamine, a behaviour altering substance®'. Others can secrete different hormones and
activate specific immune responses to manipulate their host to complete their life cycle or leach resources.

Another countermeasure to protect the brain against behavioural changes by parasites is an increase in the
amount of neurochemicals required to induce responses. Some parasites release neurochemicals to alter
behaviour, the more required to create a response, the greater metabolic cost on the parasite. Due to the
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generally large size difference between host and parasite, it renders the attack ineffective. The relentless
pressure from the increasing brain size through the course of human evolution could have led to parasites
adopting alternative strategies®.

Rather than the parasites directly attaching and physically affecting the brain, some parasites like
Ophiocordyceps unilateralism almost never touch the brain, yet precisely control insect behaviour®.

Another advantage of increasing brain size is developing higher levels of protective complexity, meaning
they can take more damage while maintaining normal functionality and behaviour. For this reason, mind
controlling parasites are more commonly seen in insects. Increasing neuro- signalling complexity, with the
use of a range of receptors, neurochemicals, and timed pulses, closes off a parasite’s attacking options.
While more complex signals have an increased metabolic cost, it is disproportionately more expensive for
parasites, forcing other means of manipulation®.
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