www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éb INTERNATIONAL JOURNAL OF CREATIVE

RESEARCH THOUGHTS (1JCRT)
PR

An International Open Access, Peer-reviewed, Refereed Journal

Molecular And Ecological Perspectives On The
Plasmodium Life Cycle: Host Interactions And
Transmission Pathways

Dundappa. M. Sarashetti
Associate Professor, Zoology.
G.P. Porwal Arts, Commerce and V.V. Salimath Science College Sindagi, Vijayapura, Karnataka -
586128.

Abstract

Malaria, a persistent global health threat, particularly in tropical and subtropical regions, is caused by
Plasmodium species, parasites transmitted to humans through the bite of infected Anopheles mosquitoes.
This article delves into the intricate life cycle of the malaria parasite, focusing on its interaction with two
hosts: humans and mosquitoes. Understanding the complexities of the Plasmodium life cycle is not just
crucial but empowering, as it enables the development of better prevention and treatment strategies. This
review outlines the stages of parasite development, from the initial infection in the human host to the
maturation of the parasite within the mosquito, and discusses its profound impact on disease transmission

and control efforts.
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1. Introduction

Malaria is a mosquito-borne infectious disease caused by Plasmodium parasites. It remains one of the most
devastating diseases globally, particularly in sub-Saharan Africa, South Asia, and parts of South America.
Five species of Plasmodium infect humans, with Plasmodium falciparum and Plasmodium vivax being the
most widespread and deadly (Cowman et al., 2016). The life cycle of the malaria parasite is complex,
requiring both a vertebrate host (humans) and an invertebrate host (mosquitoes) for its transmission (Ashley
& Phyo, 2018). Understanding this intricate life cycle is vital for controlling and eradicating the disease.

The parasite's alternating residence in the human host, where it undergoes asexual reproduction, and the
mosquito vector, where it completes sexual reproduction, is a process that allows Plasmodium to evade the
immune system and adapt to diverse environments within the hosts. This ability of the parasite to develop

inside both humans and mosquitoes makes the life cycle a fascinating and engaging area of study in
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parasitology. This article comprehensively reviews the malaria parasite's life cycle, focusing on how it

interacts with human and mosquito hosts.

2. Objectives
e To provide a detailed overview of the Plasmodium life cycle.
e To explore how Plasmodium interacts with both human and mosquito hosts.

e To highlight the implications of this interaction for disease transmission and control strategies.

3. Life Cycle of the Malaria Parasite
Malaria parasites follow a complex life cycle involving human and mosquito hosts. This life cycle can be
broken down into three key stages: the exo-erythrocytic stage (liver stage) in humans, the erythrocytic stage

(blood stage) in humans, and the sporogonic stage in mosquitoes (Smith R C et al., 2014).

3.1. Exo-Erythrocytic Stage (Liver Stage) in Humans

The life cycle of Plasmodium begins when an infected female Anopheles mosquito bites a human, injecting
sporozoites from her salivary glands into the bloodstream (Bennink S. et al., 2026). These sporozoites,
which are motile forms of the parasite, quickly travel to the liver within 30 minutes of the mosquito bite.
Inside the liver, the sporozoites invade hepatocytes (liver cells), where they undergo a process of asexual
reproduction known as schizogony. During this phase, each sporozoite multiplies, producing thousands of
merozoites, a new form of the parasite. These merozoites are eventually released into the bloodstream when
the infected liver cells burst (Ménard, R. et al., 2013). This asymptomatic liver phase lasts about 1-2 weeks,
depending on the species of Plasmodium. In some cases, such as with Plasmodium vivax and Plasmodium
ovale, dormant liver forms called hypnozoites can remain in the liver for months or years before reactivating,

leading to relapses of the disease (Lindner et al., 2012).

3.2. Erythrocytic Stage (Blood Stage) in Humans

Once the merozoites enter the bloodstream, they invade red blood cells (erythrocytes), marking the start of
the erythrocytic cycle, which is responsible for the clinical symptoms of malaria. The merozoites transform
inside the red blood cells into trophozoites, which mature and consume haemoglobin. The trophozoites grow
into schizonts, which undergo another round of asexual reproduction to produce new merozoites (Alves e
Silva, T., 2021). These newly formed merozoites are released when the infected red blood cells rupture,
leading to the destruction of red blood cells and the release of toxins, which cause the cyclical fever, chills,
and other symptoms characteristic of malaria (Ghosh et al. et al., 2011). Some merozoites, instead of
reproducing asexually, differentiate into gametocytes—the sexual form of the parasite. These gametocytes
circulate in the bloodstream, awaiting uptake by a female Anopheles mosquito during a blood meal (Law

R. Hetal., 2013). The presence of gametocytes is crucial for continuing the malaria transmission cycle.
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3.3. Sporogonic Stage in Mosquitoes

When a female Anopheles mosquito bites an infected human, it ingests blood containing male and female
gametocytes. Inside the mosquito's gut, the gametocytes undergo sexual reproduction. The male gametocyte
undergoes exflagellation, releasing several microgametes, while the female gametocyte matures into a
macrogamete. These male and female gametes fuse to form a zygote, which develops into a motile form
called an ookinete (Gong, L. et al., 2015). The ookinete penetrates the mosquito's gut wall and forms an
oocyst on the outer surface of the midgut. Inside the oocyst, the parasite undergoes multiple rounds of
division to produce thousands of sporozoites. When the oocyst ruptures, the sporozoites migrate to the
mosquito’s salivary glands, where they are ready to be injected into a new human host during the mosquito's
next blood meal, thus completing the life cycle (WHO, 2020).

4. Host-Parasite Interaction and Disease Transmission

In humans, Plasmodium parasites exploit liver cells and red blood cells, key components of the host's
physiology, to reproduce and sustain their life cycle. The parasite's ability to modify red blood cells allows
it to avoid immune detection and extend its survival. By destroying red blood cells, the parasite triggers
symptoms such as anaemia, fever, and fatigue. In severe cases, especially with P. falciparum, the infection
can cause complications like cerebral malaria, which can be fatal if left untreated (Medcalf et al., 2019).
The interaction between Plasmodium and the human immune system is particularly fascinating. The parasite
employs various strategies to evade immune detection, such as antigenic variation, where the parasite
changes the proteins on its surface to avoid being recognized and attacked by the host's immune system
(Pham et al., 2019).

5. Mosquito Host Interaction
In mosquitoes, Plasmodium manipulates its host to facilitate its transmission. For instance, infected
mosquitoes may become more efficient at feeding, increasing transmission rates. The parasite also avoids
detection by the mosquito's immune system by forming protective structures like oocysts, allowing it to
complete its development without destruction (Corby-Harris V. et al., 2010). The mosquito host plays a
vital role in the life cycle of the malaria parasite because it allows the parasite to undergo sexual
reproduction, which increases genetic diversity. This genetic variation is one reason Plasmodium has

evolved resistance to antimalarial drugs, posing challenges to malaria control (Yamamoto et al. et al., 2018).

6. Discussion
Understanding the complex life cycle of Plasmodium is essential for developing effective strategies to
combat malaria. Targeting different stages of the life cycle can offer various intervention points. For
example, antimalarial drugs like chloroguine and artemisinin target the erythrocytic stage, while mosquito
control efforts aim to prevent the transmission stage (Dong Y. et al., 2011). Vaccines are also being
developed to block the liver stage (e.g., the RTS, S/AS01 vaccine) and transmission stages (e.g.,

transmission-blocking vaccines) (Yoshida, S. et al., 2007). Moreover, public health strategies such as the
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use of insecticide-treated bed nets, indoor residual spraying, and prompt diagnosis and treatment have been

instrumental in reducing malaria transmission

7. Conclusion

The life cycle of Plasmodium highlights the intricate relationships between parasites and their hosts. By

understanding these interactions, we can identify critical points for intervention and develop strategies to

control and eventually eradicate malaria. As Plasmodium continues to evolve in response to drug treatments

and environmental changes, ongoing research into its life cycle will remain crucial for global health efforts.
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