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ABSTRACT

Cryptocaryon irritans is a ciliate protozoan parasite of wild and cultivated marine fish and causes
the clinical signs of white spot disease. It results in significant losses for aquarists and commercial
fishermen worldwide and infects various marine teleosts. This study reports on the efficacy of the
administration of hydroxychloroquine sulphate as a treatment for white spot disease caused by C.
irritans. Nine marine ornamental fish of different species showed behavioural changes such as
flashing and had white spots on their skin and fins. Four fish with higher numbers of white spots
were subjected to skin scraping to confirm the diagnosis under a microscope, through which the
presence of C. irritans was confirmed. The aquarium containing these fish species was treated with
20 mg L' of hydroxychloroquine sulphate for fifteen days. One day after the addition of
hydroxychloroquine sulphate to the tank, positive behavioural changes were observed among the
fish. On the third day, none of the nine fish had signs of white spots visible, and no parasites were
found on the skin scraping sample. In the study, it was concluded that hydroxychloroquine improved
the clinical signs and prognosis of the disease caused by C. irritans in the fish species examined.
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INTRODUCTION ary infections by bacteria, viruses, or fungi,
which can cause significant mortality in various
species of farmed marine fish (Gao et al., 2022,

Colorni & Burgess, 1997).

The protozoan parasite Cryptocaryon irritans
(Brown, 1951) belongs to the class Prostomatea.
This ciliated organism infects marine fish, both

in wild populations and aquaculture settings,
and is responsible for a disease commonly re-
ferred to as white spot disease or cryptocaryo-
niasis. This disease leads to significant econom-
ic losses for aquarists and commercial fisheries
worldwide and infects various marine teleost
species (Chi et al., 2017). Through the infesta-
tion of epithelial tissues, it produces numerous
tiny white spots (Li et al., 2022). The invasion of
the epithelial tissues in the skin, gills, and fins
can interfere with the host’s osmotic balance
and respiratory functions. Additionally, damage
to these tissues may pave the way for second-

White spots or nodules can be challenging to
detect on fish with light-coloured scales, mak-
ing it difficult to confirm the absence of Crypto-
caryon spp. infection through visual inspection
alone. This highlights the necessity of diagnos-
tic tests for accurate identification. When fish
are infected with Cryptocaryon spp., mortality
rates can escalate quickly within a few days. The
intensity of the outbreak is determined by sev-
eral factors, including the salt water tempera-
ture, the strain’s virulence, and the host previ-
ously exposed to the ciliated parasite (Yanong,
2009).

37


https://orcid.org/0000-0001-8387-0121
https://orcid.org/0000-0002-2211-9315
https://orcid.org/0000-0002-9887-5408
https://orcid.org/0009-0008-1867-0623
https://orcid.org/0000-0002-4623-6735
https://orcid.org/0000-0002-0862-6927

Aquat Sci Eng 2025; 40(1): 37-41
Cardoso, Balian, Soares, Kahwage, Lauri and Martins. Hydroxychloroquine for treating C. irritans

The parasite C. irritans completes its life cycle within 8 to 10 days
at temperatures ranging from 24 to 25 °C. However, has also
been observed to complete its cycle in as little as 7 days. The du-
ration of the life cycle can significantly fluctuate, from a few days
to several months, influenced by factors such as specific host
species and water temperature (Yanong, 2009).

The C. irritans life cycle has four morphologically and physiolog-
ically different stages: parasitic trophont, protomont, reproduc-
tive tomont and infective theront (in the environment) (Figure 1).
Trophonts are commonly found in marine fish. They appear as
white spots present in the host's gills, fins, skin, and eyes. In this
stage, the parasite penetrates the epithelial layer, forming a cav-
ity that shields it from the host’s immune defences while granting
it access to body fluids, tissue particles, and whole cells, which
serve as its food source. Microscopic can range in size from
about 27 um to 452 pm and have spherical to pear-shaped, cili-
ated and rolling in the slide. Mature trophonts leave the fish, be-
coming protomonts. After a few hours, protomonts reduce their
movements, slowing down and encysting in the tissue, and then
transform into tomonts, which are the reproductive stage. To-
monts undergo successive asymmetric binary fissions, dividing
into numerous tomites that develop into pear-shaped theronts.
The exact mechanism triggering the release of trophonts from
the host remains unclear, but evidence suggests that the photo-
period plays a significant role, as trophonts are typically released
into the water just before dawn. After fully developing, theronts
are released from the tomonts, leaving the cyst through a small
opening, thus beginning the infective free-swimming stage.
Theronts actively search for a new fish host, swimming quickly
until reaching their destination. They have a lifespan of approxi-
mately 24 h or more, but their infectivity quickly decreases after
they leave their original host (Li et al., 2022; Yanong, 2009).

Trophont
(feeding stage = host)

Theronts
(frec swimming stage = cnvironment)

Protomont
(environment)

Tomont
(encysted reproductive stage = environment)

Figure 1. Life cycle of Cryptocaryon irritans (Yanong, 2009).

If not treated early, white spot disease can yield a mortality rate
of 100% in a few days. Currently, the treatments available within
veterinary practice are chloroquine and cooper prolonged im-
mersion in the theronts phase. The use of copper sulphate
(CuSO,) at a therapeutic concentration of 0.2 mg L™ for two to
three weeks was found to help in removing Cryptocaryon sp. in-
fections in marine hosts but presented high toxicity to fish (Noga,
2010). Hydroxychloroquine sulphate is another possible treat-

ment, but its use is not very common in Brazil. This compound
disrupts the processes of endocytosis and haemoglobin break-
down in vulnerable parasites; it also increases the pH of acidic cy-
toplasmic vesicles and, therefore, inhibits the activity of lysosom-
al enzymes and other organelles (Schlesinger & Krogstad, 1987;
Al-Bari, 2017).

This study reports the results and efficacy of the administration of
hydroxychloroquine sulphate as a treatment for the disease char-
acterised by white spots and caused by C. irritans in nine marine
ornamental fish that belonged to an aquarist in S&o Paulo, Brazil.

MATERIALS AND METHODS

Case history

In this case, nine marine ornamental fish of different species
[Acanthurus achilles Shaw, 1803 (n=1), Acanthurus nigricans Lin-
naeus, 1758 (n=1), Amphiprion ocellaris Cuvier, 1830 (n=2),
Chelmon rostratus Linnaeus, 1758 (n=1), Pygoplites diacanthus
Boddaert, 1772 (n=1), Siganus vulpinus Schlegel & Mdiller, 1845
(n=1), Zanclus cornutus Linnaeus, 1758 (n=1), Zebrasoma desjar-
dinii Bennett, 1836 (n=1)] showed behavioural changes such as
flashing and had white spots on their skin and fins.

At the beginning of the present case, none of these ornamental
fish had shown any clinical signs of disease. The translocation of C.
rostratus and its introduction into the new habitat probably gener-
ated stress and changed the dynamics in the already established
environment, causing imbalance and favouring the emergence of
diseases. Thus, three days after the introduction of an apparently
healthy specimen of C. rostratus to the existing population of the
aquarium, all the fish began showing behavioural changes. In ad-
dition to behavioural changes, the species A. achilles, C. rostratus,
P diacanthus, Z. desjardinii (Figure 2) presented white spots on
their bodies, and these fish were chosen to verify the diagnosis by
microscopically identifying the presence of the parasite. The other
fish Acanthurus nigricans, Amphiprion ocellaris, Siganus vulpinus,
Zanclus cornutus, and Zebrasoma desjardinii did not show visible
signs of white spot disease, like the previous ones, but because
they were in the same environment they were considered to have
the same disease.

Treatment practice

The fish were housed in a 0.3 m3 reef aquarium with a recircula-
tion system and were fed three times daily with a commercial
feed (Aloe large granules, Dr. Bassler Biofish-food®, Belgium)
provided ad libitum. The water condition metrics of the aquari-
um were monitored weekly and maintained as follows: salinity at
33 g/L, temperature at 26 °C, alkalinity at 9 dKH, dissolved oxy-
gen at 5mg/L, pH at 8.3, total ammonia levels below 0.25 mg/L,
nitrite at 0.25 mg/L, and nitrate at 10 mg/L. The aquarium was
treated once with 20 mg L of hydroxychloroquine sulphate (Re-
uquinol® Aspen) for 15 days (Dhayanithi et al., 2022). No water
changes were made during the treatment: only the substrate was
cleaned using a gravel vacuum twice a day, and an external filter
was used. The temperature was controlled through a thermostat.
Right at the end of the treatment, 100 g of Hw® activated char-
coal was placed in the filter to remove residual hydroxychloro-
quine sulphate from the water.
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(A), C.

Figure 2. Clinical signs of white spots in fish: A. achilles (A),
rostratus (B), P. diacanthus (C), and Z. desjardinii (D).

RESULTS AND DISCUSSION

After skin scraping, trophonts were observed in the microscopic
had range in size from about 150 to 250 pm and have spherical to
pear-shaped, ciliated and rolling in the slide which confirmed the
presence of C. irritans (Figure 3) according to Yanong, (2009). One
day (24 hours) after the addition of hydroxychloroquine sulphate
to the tank, positive behavioural changes could be seen among
the fish; also, another skin scraping was done, and the trophonts
present in the sample showed less and slower movement than be-
fore. On the second day (48 hours) the trophonts did not move
and had small vacuoles in the cell. On the third day (72 hours), no
one of the nine fish expressed any manifestation of white spot vis-
ible in clinical inspection, in addition no parasites were found on a
skin scraping sample. Nonetheless, the administration of the med-
ication was continued until the end of the 15-day treatment cycle,
without water change. Thus, the application of hydroxychloro-
quine for the treatment of C. irritans resulted in a significant reduc-
tion in the clinical signs of infection within 72 h, with improved fish
behaviour and complete elimination of parasites observed under
microscopic analysis. No apparent adverse effects were detected
in the treated fish during the observation period, and mortality
was reduced to zero. The 20 mg L concentration demonstrated
superior efficacy compared with alternative treatments reported in
the literature, highlighting its potential as a safe and effective anti-
parasitic for ornamental marine fish.

The research conducted by Van and Nhinh (2018) demonstrated a
significant difference in the frequency of C. irritans in distinct fish
species. Certain species, such as Chaetodon adiergastos Seale,
1910; Paracanthurus hepatus Linnaeus, 1766; Amphiprion frenatus
Brevoort, 1856; Diodon holocanthus Linnaeus, 1758; Platax teira
Forsskal, 1775; Pterois volitans Linnaeus, 1758; Plectorhinchus vit-

Figure 3. Cryptocaryon irritans on wet-mount preparations
under a light microscope at magnifications of 10 x
(A) and 20 x (B).

tatus Linnaeus, 1758; Siganus guttatus Bloch, 1787; and Pygoplites
diacanthus Boddaert, 1772, show high susceptibility to the para-
site, with infection rates reaching up to 70%. In contrast, other spe-
cies like Rhinecanthus aculeatus Linnaeus, 1758, Zanclus cornutus
Linnaeus, 1758, and Zebrasoma veliferum Bloch, 1795 exhibited
much lower susceptibility, with infection rates under 50%. These
insights are valuable for aquarists managing ornamental fish in
controlled environments and addressing outbreaks of this para-
site. Although the previous study evaluated the susceptibility of
several species, we cannot state in this study that A. achilles, C.
rostratus, P. diacanthus, and Z. desjardinii, which had white spots
early, are less or more susceptible than the other inhabitants of the
aquarium (A. nigricans, A. ocellaris, S. vulpinus, Z. cornutus, Z. des-
jardinii). We chose to perform skin scrapings only on the animals
with the most evident clinical signs so as not to stress the other fish
and to begin treatment as soon as possible to ensure that all of
them survived this lethal parasite.

Prompt diagnosis of C. irritans infection in aquarium fish is cru-
cial, as the disease can lead to significant mortality in a brief
timeframe (Colorni & Burgess, 1997). Light-coloured fish are par-
ticularly vulnerable and may not survive without early detection.
The challenge in identifying this infection often arises from the
difficulty of observing white spots, which can go unnoticed even
by experienced professionals who lack specific training in recog-
nising these signs (Cardoso et al., 2019).

Hydroxychloroquine acts on Plasmodium spp (the protozoan
that causes malaria) by accumulating in the acidic food vacuole,
where it raises the pH and interferes with the digestion of hae-
moglobin, which is essential for the parasite. In addition, it inhib-
its the polymerisation of toxic haem into hemozoin, leading to
the intracellular toxicity of the protozoan. This mechanism com-
promises the survival of the protozoan and the continuity of the
infection. In addition, there are numerous other immunomodula-
tory effects of hydroxychloroquine that are still unclear (Ben-Zvi
et al., 2012). There are no studies of this information in relation to
the protozoan C. irritans, but taking into account the various pos-
itive effects against other comorbidities already described (Ab-
del-Aziz et al., 2022; Ben-Zvi et al., 2012) and the observation of
the evolution of the disease in the present case study, it is sug-
gested that hydroxychloroquine sulphate is a possible drug for
the healing of this disease in ornamental marine fish. However,
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more advanced and robust studies should be conducted in the
laboratory to confirm the clinical findings.

Picon-Camacho et al., (2011) conducted in vitro tests for the con-
trol of C. irritans theronts and found that hydroxychloroquine at
20 mg L' eliminated over 90% of theronts within 1.5 h, while dos-
es of 50 mg L' and 80 mg L' eliminated more than 93% and 96%,
respectively. Leethochavalit (2011) found that at a dose of 20 mg
L™ of hydroxychloroquine, 100% of the theronts were not moving
after 30 min of treatment. For chloroquine at a dose of 10 mg L
, after 60 min, more than 96% of the theronts were not moving.

The use of a drug based on chloroquine to treat parasites of the
phylum Ciliophora was found to be effective at doses of 10 and
20 mg kg' orally and presented low toxicity for the freshwater
fish Cyprinus carpio Linnaeus, 1758 , Ictalurus punctatus Rafin-
esque, 1818 and Ctenopharyngodon idella Valenciennes, 1844.
Nile tilapia Oreochromis niloticus (Linnaeus, 1758) was treated
with a prolonged immersion bath at 10 mg L' for 24 h and the re-
sults indicated moderate efficacy, suggesting that longer expo-
sure time or dose adjustments may be necessary for optimal re-
sults (Yevtushenko, 2019). The therapeutic concentration of chlo-
roquine was used in the form of prolonged immersion for treat-
ing protozoan parasites in aquarium fish at doses of 10 to 20 mg
L for up to 21 days and is nontoxic to fish but highly toxic to mi-
cro-and macroalgae and to various invertebrates (Noga, 2010). A
study using hydroxychloroquine phosphate at a dose of 10 mg
L' demonstrated that this was effective for controlling the para-
site Amyloodinium ocellatum Brown, 1931 in orange clownfish
(Amphiprion percula Lacepede, 1802) and was also effective for
increasing the survival of the affected fish when compared to tra-
ditional treatments, such as malachite green and formalin, which
can be toxic at therapeutic doses. A single dose of 10 mg L of
hydroxychloroquine was applied for a period of 15 days, and no
significant side effects or evident toxicity were observed in the
treated fish during the study. The authors assert that the relative
safety of hydroxychloroquine in this dose may be a viable thera-
peutic option for the management of parasites in ornamental
fish (Dhayanithi et al., 2022).

The present study corroborated previous investigations, and the
use of hydroxychloroquine sulphate at a dose of 20 mg L' for the
treatment of C. irritans in nine species of ornamental fish demon-
strated highly positive results. No deaths were recorded during
the 15-day treatment period, and the parasites were completely
eliminated within 72 h after the start of therapy. In addition, no
clinical signs or side effects were observed in the treated fish
throughout the study. These findings suggest that hydroxychlo-
roquine, at the dose used, is a safe and effective option for the
management of C. irritans in multispecies ornamental systems,
providing improvement in fish behaviour and the absence of re-
lapses until the end of the observation period.

Hydroxychloroquine degradation in aquariums occurs mainly
due to microbial action in the biofilms in the pipes, where micro-
organisms use the drug as a source of carbon and nitrogen. This
process can reduce the therapeutic concentration of the drug,
compromising antiparasitic treatment and favouring the selec-
tion of resistant parasites. In addition, degradation increases op-

erational costs due to the need for redosing and can impact wa-
ter quality and animal health. Strategies such as biofilm manage-
ment, water flow adjustments, and the development of more sta-
ble drugs are essential to mitigate these problems and ensure ef-
fective treatments (Hu et al., 2022). The researchers’ previous
findings led us to believe that a dose of 20 mg L' lasting more
than 15 days is a good alternative to prevent the complete deg-
radation of hydroxychloroquine.

Unfortunately, there is no test on the aquarium market that
measures the concentration of hydroxychloroquine sulphate in
aquarium water, as we have for copper sulphate, for example.
However, considering that hydroxychloroquine sulphate is a
promising drug for treating C. irritans and other possible para-
sitic protozoa, a test that measures the concentration gradient
in the water to check whether the drug remains stable over the
days of treatment would be very useful for professionals who
treat these animals. Although chloroquine and hydroxychloro-
quine are widely used worldwide by aquarists, scientific publi-
cations are scarce; therefore, our findings are extremely valu-
able and contribute to increasing scientific and technical dis-
semination. Larcombe et al., (2024) highlighted that the orna-
mental fish trade represents a multi-billion dollar global indus-
try, carrying significant responsibility for ensuring the welfare of
countless fish species regularly traded across international bor-
ders. Disease-related mortality and morbidity pose serious
threats to fish welfare and result in considerable economic loss-
es for the industry, highlighting critical gaps in scientific knowl-
edge that demand immediate attention.

As soon as there is any suspicion of a C. irritans infection, it is es-
sential for aquarists to consult a qualified professional. This en-
sures accurate identification of the disease and timely implemen-
tation of the appropriate treatment. C. irritans is known to cause
mortality rates of up to 100% in infected fish populations if left
untreated, posing significant economic and ecological challeng-
es to aquarists and the ornamental fish industry (Colorni, 1987;
Yanong, 2009; Dickerson, 2006; Fridman, 2022).

Therefore, the prompt diagnosis and timely application of
therapeutic strategies involving hydroxychloroquine-based
treatments can enhance both the clinical outcomes and the
overall prognosis of infections caused by C. irritans. The appli-
cation of this therapeutic approach should be carefully tai-
lored and monitored according to the specific fish species be-
ing treated.

CONCLUSION

In this context, it was concluded that the administration of hy-
droxychloroquine sulphate contributed to an improvement in
clinical signs and the overall prognosis of the disease caused by
C. irritans in the species studied A. achilles, A. nigricans, A. ocel-
laris, C. rostratus, P. diacanthus , S. vulpinus, Z. cornutus and Z.
desjardinii in a home aquarium. Further studies are necessary to
evaluate whether other species of marine ornamental fish might
exhibit sensitivity to hydroxychloroquine sulphate at the dose
used in this study. Additionally, future research should explore
the broader application of this therapeutic approach on a larger
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scale while assessing its potential ecotoxicological impacts
across diverse environmental contexts. Such investigations will
provide critical insights into the safety and efficacy of hydroxy-
chloroquine in managing parasitic infections in ornamental aqua-
culture.
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