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Unusual double erythrocyte infection by heterogeneric parasites
in the lacertid lizard Psammodromus algirus (Linnaeus, 1758)

Sara Blazquez-Castro'-", Rafael Barrientos?, and Rodrigo Megia-Palma'-

The term “multiple infection” describes the co-
occurrence of multiple parasites of the same genus
(i.e., monogeneric) in a single host cell (Martinez-de la
Puente et al., 2006). This phenomenon can occur both in
erythrocytes and leukocytes of the hosts. For example,
up to six sporozoites of Schellackia (Apicomplexa:
Coccidia: Eimeriorina) were found to infect a leukocyte
in a blood smear of Asian grass lizard, Takydromus
sexlineatus Daudin, 1802 (Megia-Palma et al., 2014).
On the other hand, “double infection” specifically
describes the co-occurrence of two monogeneric
parasites in a single blood cell (Jovani et al., 2004). In
the case of parasites with sexual stages (gametocytes),
observations of double gametocyte infections have been
documented for the parasite genera Plasmodium (in
reptile hosts), Haemoproteus (in both avian and reptile
hosts), Leucocytozoon (in avian hosts), Karyolysus (in
reptile hosts), Hepatozoon (in both avian and reptile
hosts), and other hemogregarines (in reptile hosts),
and also with Schellackia sporozoites (in reptile hosts)
(Aparicio and Cordero del Campillo, 1980; Mutinga
and Dipeolu, 1989; Jovani et al., 2004; Roca and
Galdon, 2010; Shafeey et al., 2019). In fact, double
infections represent relatively common observations in
avian and reptile hosts (e.g., Jovani, 2002; Jovani et al.,
2004; Jovani and Sol, 2005; Martinez-de la Puente et
al., 2006; Megia-Palma et al., 2014).
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Multiple hypotheses have been proposed to explain
this phenomenon. For example, double infections may
favour parasite transmission between hosts because their
cells are more susceptible to a founder infection (Jovani,
2002). Also, they can be adaptive for gametocytes in the
host blood if double infections increase the encounter
rate between male and female gametocytes (Jovani,
2005; Martinez-de la Puente et al., 2006), which might be
crucial when their densities in the host are relatively low
(Jovani, 2002). However, the evidence supporting the
latter hypothesis has been mixed. For example, a study
in parasites of the genus Plasmodium demonstrated that
double infection frequency was independent of parasite
density (Jovani and Sol, 2005), but other studies found
a positive relation between this and the presence of
multiple infections (Martinez-de la Puente et al., 2007;
Martinez-de la Puente and Merino, 2008).

Alternatively, other authors have proposed that
multiple infections could be induced by host-related
factors (Miller et al., 1984; Franzén et al., 1989;
Ramasamy et al., 1999; Martinez-de la Puente et al.,
2007). For example, Miller et al. (1984) and Franzén
et al. (1989) found that the presence of monoclonal
antibodies increased the number of multiple infections
in Plasmodium. This might be adaptive for the host
because parasite gametocytes find it difficult to reach
maturity in multiple infected cells (Ahmed and
Mohammed, 1978; Inselburg, 1983; Martinez-de la
Puente et al. 2007). Therefore, according to the host
adaptive hypothesis (Martinez-de la Puente et al.,
2007), a high number of multiple infections may benefit
hosts by reducing the total number of infected cells
(e.g., Miller et al., 1984). This can be achieved by a
more efficient immune response that would kill more
parasites in fewer host cells. In turn, a milder anaemia
will be produced in those infections that demanded
destroying fewer host cells (Martinez-de la Puente et
al., 2007). Nevertheless, double infections can also
occur randomly, with no adaptive function for the host
nor the parasite, because parasites undergo merogony,
or another type of asexual reproduction, in host blood
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cells (e.g., genera Plasmodium, Hemolivia, Babesia,
and Theileria; Mehlhorn and Schein, 1985; giroky et
al., 2007).

Although coinfections by heterogeneric parasites
in single host organisms are common (e.g., Alvarez-
Ruiz et al., 2018; Megia-Palma et al., 2018, 2022,
2023a; Zechmeisterova et al., 2019), to our knowledge
double infections by heterogeneric blood parasites in
single host cells have not been documented. A hybrid
term to describe such an uncommon situation could
be “coinfection (implying heterogenetic parasites) of a
single host cell”.

As part of an ongoing study of the phenology of blood
parasites in the lizard Psammodromus algirus collected
on the outskirts of Madrid, Spain (40.5167°N, 3.7833°W;
elevation 650 m), we microscopically screened 12,000
blood cells per blood smear made from a total of 156
lizards, a sample of 1,872,000 screened cells in 2022.
We found a total of 1524 infected cells, of which 837
were infected by gametocytes and trophozoites of the
protozoan genus Karyolysus (Apicomplexa: Coccidia:
Adeleorina) and 690 by sporozoites of the protozoan
genus Schellackia (Apicomplexa: Coccidia: Eimeriorina).
These two eukaryotic blood parasites have independent
phylogenetic origins and can be morphologically
differentiated (Megia-Palma et al., 2018; 2023a,b).
Schellackia has one faintly bluish refractile body and
Karyolysus has a characteristic banana-like shape,
with throphozoitic stages having multiple digestive
vacuoles, and gamonts typically embedded in an obvious
parasitophorous vacuole (Beyer and Sidorenko, 1984).
Furthermore, gametocyte infections are often associated
with distortion of the host cell nucleus (Megia-Palma et
al., 2023b). Recent research in the same population has
suggested a differential recovery ability of the lizards
from infections by these two genera of blood parasites
(Megia-Palma et al., 2023a).

This unusual observation was made in a blood smear
of an adult male P. algirus. In this sample, we observed
12 cells infected by Karyolysus (two trophozoites, five
microgametocytes, five macrogametocytes) and 20
by Schellackia (mean + standard error of the number
of infected cells: Karyolysus = 9.08 + 0.78, n = 90;
Schellackia=11.17+2.42, n= 60). Multiple infections by
a single parasite genus were observed in 1.9% of the cells
in this blood smear (two sporozoites of Schellackia in a
single erythrocyte and two more in an azurophilic cell).
In contrast, the case of a single host erythrocyte infected
by one sporozoite of Schellackia and one gametocyte of
Karyolysus (Fig. 1) was detected only once and had a
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frequency of 6.56 x 10 (observed heterogeneric single
host cell coinfections/infected erythrocytes) (Jovani and
Sol, 2005). Coinfections of Karyolysus and Schellackia in
lizards are relatively common, although not in single host
cells. For example, in the same study area, 26.9% of hosts
P. algirus were coinfected (Megia-Palma et al., 2022).

The observation reported here is noteworthy because
it represents a rare case of double heterogeneric (co)
infection in a single host erythrocyte. The low frequency
of these observations in the sample suggests that the
co-occurrence of one Schellackia sporozoite and one
Karyolysus gametocyte within a single host erythrocyte
would not benefit either the parasites or the host. We
conclude that it represents a stochastic event of single
host cell coinfection.
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Figure 1. Microphotograph showing a single erythrocyte coinfected by Schellackia and Karyolysus. The blue arrow indicates the
diagnostic refractile body in a Schellackia sporozoite next to the parasite nucleus; the latter structure is stained in faint purple. The

orange arrow indicates a Karyolysus gametocyte.
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