@"b‘
1SSG.

Invasive Species
Specialist Group,

GLOBAL INVASIVE SPECIES DRTRBASE

FULL ACCOUNT FOR: Plasmodium relictum

Plasmodium relictum 53| (E#H | System: Terrestrial
Kingdom Phylum Class Order Family
Protista Apicomplexa Aconoidasida Haemosporida Plasmodiidae
Common name avian malaria (English), Vogelmalaria (German), paludisme des oiseaux
(French)
Synonym Haemamoeba relicta , Grassi and Feletti 1891

Plasmodium inconsta , Hartman 1927
Plasmodium capistrani , Russell 1932

Similar species

Summary The protozoa, Plasmodium relictum, is one of the causative parasites of avian
malaria and may be lethal to species which have not evolved resistance to the
disease (e.g. penguins). It may be devastating to highly susceptible avifauna
that has evolved in the absence of this organism, such as native Hawaiian
birds. The parasite cannot be transmitted directly from one bird to another,
but requires a mosquito to move from one bird to another. In Hawaii, the
mosquito that transmits Plasmodium relictum is the common house mosquito,
Culex quinquefasciatus. Passerine birds are the most common victims of avian
malaria.
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Species Description

Histopathological examination may reveal numerous intraendothelial schizonts in spleen, lung, liver, heart and
kidney (Fix et al. 1988). Schizonts may be 16 to 28 micron by 11 to 16 micron large and contain merozoites of
two distinct sizes (macromerozoites, nuclei 1.0 micron; micromerozoites, nuclei 0.5 micron) (Fix et al. 1988).\r\n
The clinical signs of disease are caused by the tissue phase, causing tissue damage (Cranfield et al. Undated).
There may not be enough destruction within the red blood cells to cause clinical anemia. The clinical signs in
penguins are paleness, anoxia, dyspnea, inappetence, regurgitation, and death. The gross pathology reveals a
very enlarged spleen, swollen liver, and congested and extremely edematous lungs. Impression smears from
these tissues often reveals schizonts. Schizonts are present in several tissues throughout the body.
Histologically, the lungs have acute severe interstitial pneumonia with schizonts present. Post mortem blood
samples from major vessels or the heart can be extremely useful in the diagnosis, even up to 48 hours after
death (Cranfield et al. Undated). \r\n

Plasmodium pathology observed in native Hawaiian honeycreepers includes: extremely high blood parasitemias
(infection in up to 50% of circulating red blood cells), extensive damage to the liver and spleen, weight loss and
inappetance and high mortality rates (Trouble in Paradise Undated).
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Lifecycle Stages

This disease causing agent is carried and transmitted by a mosquito vector. The mosquito takes a blood meal
from the reservoir host and ingests micro and macro gametocytes. These develop into oocysts in the gut of the
mosquito. The oocysts then produce numerous sporozoites, which migrate to the salivary gland of the mosquito.
These are infectious agents of malaria and are injected into the blood stream of the bird when the mosquito is
taking its next blood meal. The cycle through the mosquito takes approximately 13 days (Cranfield et al.
Undated).\r\n

The sporozoites, on entering the blood stream of the bird, are picked up by macrophages and
reticuloendothelial cells where they develop into merozoites and then further on to schizonts (Cranfield et al.
Undated). It is the merozoites with accompanying toxins that cause the chills and fever of malaria (SPREP
Undated).The schizonts break apart shedding several more merozoites, which sets up the asexual tissue phase
of the infection (Cranfield et al. Undated). After several cycles through the tissue, the merozoites are picked up
by the red blood cells and develop into trophozoites and then on to either the sexual stage of the gametocytes
or the asexual stage of schizonts (Cranfield et al. Undated). Therefore avians have two cycles going - a tissue
phase and a blood phase. Within the blood phase, there is a sexual cycle and an asexual cycle (Cranfield et al.
Undated). Fully developed erythrocytic schizonts cause rupturing of the red blood cells to release merozoites (to
continue the blood cycle in the host) and gametocytes (capable of initiating sexual development if ingested by a
mosquito) (SPREP Undated).\r\n

It is the merozoites with accompanying toxins that cause the chills and fever of malaria (SPREP Undated).
Exponential growth every 36 hours while in circulating blood cells (SPREP Undated).

Habitat Description

Presence of the disease is linked with the presence of a suitable vector species. In the case of Hawaii this is the
range of the house mosquito Culex quinguefasciatus (USDI and USGS 2005), a primary carrier of the disease
causing agent. Studies by researchers at the Pacific Islands Ecosystem Science Center have revealed a lot about
the ecology of the bird malaria in Hawaii including the link between the vector range and disease prevalence.
Because this species of mosquito is more numerous at lower elevations, avian malaria is found mainly in birds of
the lowland forests (USDI and USGS 2005), however, recent evidence suggests the range of the vector and thus
disease could be moving into high land areas.

Reproduction
Undergoes sexual and asexual reproduction at different stages in both the vertebrate (bird) and invertebrate
(mosquito) hosts.\r\n

\r\nSporozoites are the infectious stage of the Plasmodium protozoan parasite and are transmitted to a
vertebrate host through blood feeding by a mosquito. The disease to the host is caused by the parasite
protozoan attacking red blood cells to continue its development. Fully developed erythrocytic schizonts cause
rupturing of the red blood cells to release merozoites (to continue the blood cycle in the host) and gametocytes
(capable of initiating sexual development if ingested by a mosquito). It is the merozoites with accompanying
toxins that cause the chills and fever of malaria (SPREP, 2000).

Exponential growth every 36 hours while in circulating blood cells.

Nutrition
This organism is an intracellular parasite that acquires most of its essential nutrients directly from the host cells.
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General Impacts

Several species of the filarial parasite Plasmodium are the causal organism for avian malaria. Plasmodium
relictum capistranoae Russell is the parasite found in infected Hawaiian birds (USDI and USGS 2005). In birds, P.
relictum reproduces in red blood cells. If the parasite load is sufficiently high, the bird begins losing red blood
cells causing anemia (USDI and USGS 2005). Because red blood cells are critical for moving oxygen about the
body, loss of these cells can lead to progressive weakness and, eventually, death (USDI and USGS 2005).
Malaria mainly affects birds in the order Passeriformes (perching birds). In Hawaii, this includes most of the
native honeycreepers and the Hawaiian crow. Susceptibility to the disease varies between species, for example,
the iiwi is very susceptible to malaria while the apapane less so (USDI and USGS 2005). Native Hawaiian birds
are more susceptible than introduced birds to the disease and exhibit a higher mortality rate (Van Riper et al.
1982; Atkinson et al. 1995). This has serious implications for native bird faunas (SPREP) with P. relictum being
blamed for the range restriction and extinctions of a number of bird species in Hawaii, primarily forest birds of
low-land forests habitats where the mosquito vector is most common (Warner 1968; Van Riper 1991; USDI and
USGS 2005). \r\n

Recent evidence indicates that some native Hawaiian lowland forest birds have developed some tolerance to P.
relictum. For example, the Amakihi are once again breeding in remaining lowland forest habitat although they
show a incidence of malaria (60-70%) (Trouble in Paradise Undated). Although this appears encouraging Freed
and colleagues (2005) point out that as more of the common species evolve tolerance they increase reservoirs
of the disease, which in turn increases the risk of transmission to rarer species that are vulnerable to avian
malaria. Most honeycreepers, especially endangered species, now persist only in forests above 1500m
elevation, where cool temperatures prevent effective malaria development in mosquitoes (Freed et al. 2005).
The prevalence of malaria in Hawaiian forest birds at 1900m on the island of Hawaii has more than doubled over
a decade. This increase is associated with breeding of mosquitoes and warmer summertime air temperatures.
Tolerance to malaria in native birds is adding to a reservoir of malaria at upper elevations even while vectors
are rare and air temperatures are too low for complete development of the parasite in the vector. Freed and
colleagues argue that malaria is becoming an emergent infectious disease at upper elevations and that the
spread of avian malaria can be partly attributed to climate change and increasing temperatures.\r\n

The parasite does not appear to be pathogenic in birds that have evolved with the parasite, often causing no
signs. However, it causes varying degrees of pathology and can cause high mortalities in species of birds that
have not evolved with the parasite. These susceptible species may come from areas without the vector, such as
very cold, dry, or windy environments. This is why avian malaria is so lethal to penguins (in which it is caused by
Plasmodium relictum and P. Elongatum), as illustrated by the 1986 outbreak of the disease in wild-caught
Magellanic penguins (see Spheniscus magellanicus in IUCN Red List of Threatened Species) at the Blank Park
Zoo in Des Moines, lowa, USA (Fix et al. 1988). It is the highest cause of mortality in outdoor penguin exhibits
and causes 50% or greater mortality in untreated juvenile and adult penguins when first exposed to the vector
(Cranfield et al. Undated). For more detailed information of the impacts of P. relictum, click here

Management Info

Preventative measures: Because P. relictum presence is linked to mosquito populations malaria is very hard to
eradicate. To effectively eliminate malaria from a habitat either the vector (mosquito) must be eliminated or
prevented from feeding on the bird (USDI and USGS 2005). This is difficult particularly in remote areas in the
wet forests of Hawaii where wallows from feral pigs and hollowed out logs of the native apuu ferns provide
ample areas of standing water where the mosquito breeds (USDI and USGS 2005). One effective procedure is to
reduce the number of potential water catchment containers in order to reduce the mosquito breeding sites
available (SPREP Undated). However, in Hawaii attempts to control the mosquitoes by larval habitat reduction
and larvicide use have been largely unsuccessful.

\r\nChemical: Captive bird populations may be treated with pharmaceuticals such as chloroquine and
primaquine to cure the disease (Cranfield et al. Undated). To see more detailed information of the management
and control of P. relictum, click here

Pathway
Introduction of game species. Infective birds not detected by standard diagnostics.
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ALIEN RANGE

[1] AUSTRALIA [1] BERMUDA

[1] BULGARIA [1] COOK ISLANDS

[1] FRANCE [3] FRENCH POLYNESIA

[1] JAPAN [1] KOREA, DEMOCRATIC PEOPLE'S REPUBLIC OF
[1] KOREA, REPUBLIC OF [1] LESSER ANTILLES

[1] MAURITANIA [1] NEW ZEALAND

[1] NIGERIA [1] NORTHERN EUROPE

[1] PAPUA NEW GUINEA [1] SOUTHERN EUROPE

[1] SPAIN [1] SWEDEN

[1] UNITED KINGDOM [9] UNITED STATES

[1] VENEZUELA
Red List assessed species 36: EW = 1; CR = 12; EN = 8; VU = 12; LC = 3;

Calidris minuta LC Charadrius pecuarius LC
Charmosyna diadema CR Charmosyna palmarum VU
Chasiempis ibidis EN Chasiempis sandwichensis VU
Chasiempis sclateri VU Corvus hawaiiensis EW
Hemignathus flavus VU Hemignathus kauaiensis VU
Hemignathus lucidus CR Hemignathus munroi EN
Hemignathus parvus VU Loxioides bailleui CR

Loxops caeruleirostris CR Loxops coccineus EN
Megadyptes antipodes EN Melamprosops phaeosoma CR
Mimus melanotis EN Myadestes lanaiensis CR
Myadestes obscurus VU Myadestes palmeri CR
Oreomystis bairdi CR Oreomystis mana EN
Palmeria dolei CR Paroreomyza maculata CR
Paroreomyza montana EN Progne modesta VU
Pseudonestor xanthophrys CR Psittirostra psittacea CR
Ptilinopus insularis VU Spheniscus mendiculus EN
Telespiza cantans VU Tringa glareola LC

Vestiaria coccinea VU Vini stepheni VU
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