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Magellanic penguins (Spheniscus magellanicus) routinely migrate from their bree-
ding colonies to Southern Brazil often contracting diseases during this migration, nota-
bly avian malaria, which has been already reported in Brazil and throughout the world. 
Detection of Plasmodium spp. in blood smears is the routine diagnostic method of avian 
malaria, however it has a low sensitivity rate when compared to molecular methods. Con-
sidering the negative impact of avian malaria on penguins, the aim of this study was to 
detect the presence of Plasmodium spp. in Magellanic penguins using Polymerase Chain 
Reaction (PCR) and by verifying clinical, hematological, and biochemical alterations in 
blood samples as well as to verify the likely prognosis in response to infection. Blood 
samples were obtained from 75 penguins to determine packed cell volume (PCV), red 
blood cell (RBC) and white blood cell (WBC) counts, mean corpuscular volume (MCV), 
uric acid, total protein, albumin, globulin and aspartate aminotransferase (AST) activity 
levels. Whole blood samples were used for PCR assays. Plasmodium spp. was detected in 
32.0% of the specimens using PCR and in 29.3% using microscopic analyses. Anorexia, 
diarrhea and neurological disorders were more frequent in penguins with malaria and a 
significant weight difference between infected and non-infected penguins was detected. 
PCV and MCV rates showed no significant difference. RBC and WBC counts were lower in 
animals with avian malaria and leukopenia was present in some penguins. Basophil and 
lymphocyte counts were lower in infected penguins along with high monocyte counts. 
There was no significant difference in AST activities between infected and non-infected 
animals. There was a significant increase in uric acid values, however a decrease in al-
bumin values was observed in infected penguins. Based on this study, we concluded that 
Plasmodium spp. occurs in Magellanic penguins of rehabilitation centers in Southeastern 
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RESUMO.- [Análise dos valores hematológicos e bio-
químicos de Spheniscus magellanicus com detecção 
molecular de parasitos maláricos aviários (Plasmo-
dium spp.).] O pinguim-de-Magalhães (Spheniscus ma-
gellanicus) migra das suas colônias reprodutivas até o 
extremo sul do Brasil. Esses pinguins frequentemente são 
acometidos por doenças, notavelmente a malária aviária, 
que é relatada no Brasil e no mundo. A detecção de Plas-
modium spp. no esfregaço sanguíneo é o método de rotina 
mas apresenta baixa sensibilidade quando comparado aos 
métodos moleculares. Considerando o impacto negativo 
da malária aviária nos pinguins, o objetivo deste estudo 
foi detectar a presença de Plasmodium spp. em pinguins-
-de-Magalhães usando a Reação em Cadeia da Polimerase 
(PCR), verificar as alterações clínicas, hematológicas e bio-
químicas e o provável prognóstico em resposta à infecção. 
Amostras de sangue foram obtidas de 75 pinguins para 
determinar o hematócrito (Ht), contagens totais de eri-
trócitos e leucócitos, volume globular médio (VGM), con-
centração de ácido úrico, proteínas totais, albumina, glo-
bulinas e atividade da aspartato aminotransferase (AST). 
O sangue total foi usado para ensaios de PCR. A detecção 
de Plasmodium spp. foi obtida em 32,0% dos indivíduos 
pela PCR e em 29,3% pela análise microscópica. Anorexia, 
diarreia e alterações neurológicas foram mais frequentes 
nos pinguins com malária, e uma diferença significativa no 
peso entre pinguins infetados e não infectados foi detec-
tada. Ht e VGM não mostraram diferença significativa. A 
contagem de eritrócitos e leucócitos foi menor nos animais 
com a malária aviária e leucopenia esteve presente em al-
guns pinguins. Contagens de basófilos e linfócitos foram 
mais baixas nos pinguins infectados, bem como elevadas 
contagens de monócitos estavam presentes. Não houve 
diferença significativa para a atividade da AST entre os 
animais infectados e não infectados. Houve um aumento 
significativo nos valores de ácido úrico, entretanto houve 
redução nos valores da albumina entre os pinguins infec-
tados avaliados. Concluiu-se que Plasmodium spp. ocorre 
em pinguins-de-Magalhães de centros de reabilitação no 
sudeste brasileiro, comprometendo o peso dos animais 
infectados e com alterações clínicas aparecendo em casos 
graves da doença. Percebeu-se que embora alterações he-
matológicas possam não ser conclusivas, leucopenia, mo-
nocitose e diminuição de basófilos e linfócitos revelaram 
prognóstico desfavorável. A infecção por Plasmodium spp. 
pode cursar com aumento da concentração de ácido úrico 
e baixos valores de albumina.
TERMOS DE INDEXAÇÃO: Pinguim-de-Magalhães, Spheniscus ma-
gellanicus, reação em cadeia da polimerase, Plasmodium spp., bio-
química, prognóstico.

INTRODUCTION
Various studies have attempted to elucidate how hemopa-
rasites may negatively affect the reproductive success of 
different species and make them more susceptible to pre-
dators and less able to establish territories (Feldman et al. 
1995, Deviche et al. 2001).

The Magellanic penguin, Spheniscus magellanicus Fos-
ter, 1781 (Sphenisciformes: Spheniscidae), is a migratory 
marine bird of the South American continent which migra-
tes from its breeding colonies to southern Brazil in search 
of food (Pütz et al., 2000, 2002, 2007,Cranfield 2003, Ruop-
polo et al. 2004, Cubas et al. 2007, Mäder et al. 2010, Sera-
fini et al. 2010). Along this route, some birds, especially the 
young ones, are exposed to adverse environmental condi-
tions and occasionally get lost, reaching Southeastern and 
Northeastern Brazilian shores, where they are eventually 
seen stranded (García-Borboroglu et al. 2006, Cubas et al. 
2007, Serafini et al. 2010).

Upon reaching these shores, the birds are fairly weak 
and often afflicted with diseases, such as avian malaria, a 
malady responsible for high mortality rates in captive pen-
guins kept in uncovered areas (Griner 1974, Cranfield et al. 
1991, Cubas et al. 2007). The disease is caused by blood 
protozoa (Plasmodium spp.) that affect various avian spe-
cies and families, as well as reptiles, humans and other 
mammals (Thrall 2004, Belo 2007).

The signs vary from asymptomatic cases to death, whi-
ch can be associated to higher parasitemia and immuno-
suppressive factors. The most frequent signs in penguins 
include anorexia, dyspnea, pale mucosa, regurgitation and 
sudden death (Fix et al. 1988, Atkinson et al. 2000, Cubas 
et al. 2007).

The detection of parasites in blood smears is still the 
routine diagnostic method, but may present a low sensiti-
vity rate and is a cumbersome procedure (Perkins & Schall 
2002, Belo 2007). Molecular diagnostic methods such as 
Polymerase Chain Reaction (PCR) assays can increase sen-
sitivity in identifying infections, although its cost is a limi-
ting factor in rehabilitation centers.

Plasmodium spp. infections have been reported in at 
least ten different penguin species (Aptenodytes patagoni-
cus, Eudyptes crestatus, E. chrysolophus, Eudyptula minor, 
Pygoscelis antarcticus, P. papua, Spheniscus demersus, S. 
humboldti, S. mendiculus and S. magellanicus) (Griner 1974, 
Fix et al. 1988, Brossy et al. 1999, Levin et al. 2009, Bueno 
et al. 2010, Dinhopl et al. 2011).

Graczyk et al. (1994), in search of Plasmodium spp. in 
23 African penguins (Spheniscus demersu), noted that 5 
animals (21.7%) presented detectable parasitemia in their 

Brazil, compromising the weight of infected animals with clinical alterations appearing in 
severe cases of this disease. It was also noted that, although the hematological abnorma-
lities presented by these animals may not have been conclusive, leukopenia, monocytosis 
and the decrease of basophils and lymphocytes revealed an unfavorable prognosis, and 
Plasmodium spp. infections may progress with elevated uric acid concentration and low 
albumin levels.
INDEX TERMS: Magellanic penguin, Spheniscus magellanicus, Plasmodium spp., avian malaria parsite, 
polymerase chain reaction, biochemistry, prognosis.
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blood. As for the Magellanic penguins, a previous study 
with 25 specimens kept in rehabilitation centers in the city 
of Niteroi-RJ, detected a 24.0% prevalence of Plasmodium 
spp. (Pereira et al. 2009) in blood smears. Another study in 
Brazil reported the presence of malaria in Spheniscus ma-
gellanicus at the São Paulo zoo (Bueno et al. 2010).

However, there are few studies, especially in the state 
of Rio de Janeiro, on the diagnosis and laboratory findin-
gs of avian malaria in penguins. For instance, biochemistry 
tests have been largely used in domestic animals, but its 
use in wild birds still has unanswered gaps. According to 
Fleischman et al. (1968), Fix et al. (1988) and Graczyk et al. 
(1995), malarial exoerythrocytic schizonts inhabit the tis-
sues of different internal organs, which allows us to assume 
that these schizonts might impair their functions and in-
duce detectable variations in serum chemistry parameters.

Considering the significantly negative impact of avian 
malaria on this penguin species in various parts of the world 
and the lack of information on the prevalence of this disease, 
especially in the Brazilian Southeastern cost, as well as, on 
the hematologic and biochemical alterations caused by this 
malady, the aim of this study was to detect the presence of 
Plasmodium spp. in naturally infected Magellanic penguins 
using Polymerase Chain Reaction (PCR) assays along with 
clinical, hematologic, and biochemical examinations, as well 
as, to verify the likely prognosis of the infected animals.

MATERIALS AND METHODS
The development of this study has been approved by the Ethics 
Committee on Animal Research of the Universidade Federal Flu-
minense (nº 215-10) and licensed (nº 23927-1) for activities with 
scientific purpose by the Sistema de Autorização e Informação em 
Biodiversidade (SISBIO/IBAMA).

Study areas and blood sample collection. For this study 75 
Magellanic penguins with or without clinical signs of avian mala-
ria obtained from three institutions: Niterói Zoo, in Niterói city , 
Brazil (22° 53’ 00” S, 43° 06’ 13’’ W), Universidade Estácio de Sá 
in Rio de Janeiro city, Brazil (22° 54’ 10” S, 43° 12’ 27’’ W) and the 
Santos Municipal Aquarium, in Santos city, Brazil (23° 57’ 39” S, 
46° 20’ 01’’ W) were studied between July and November 2010.

All of the Magellanic penguins Spheniscus magellanicus Foster 
1781 (Sphenisciformes: Spheniscidae) present in these institu-
tions were included in the study, regardless of age, sex and phy-
sical status.

Blood samples were collected from all animals by venipunc-
ture and part of the whole blood was placed in ethylenediami-
netetraacetic acid (EDTA) tubes and the remainder placed in 
anticoagulant-free tubes. Blood smears were done immediately 
after blood collection, fixed in methanol and stained with Giemsa 
(Merck®, Rio de Janeiro, RJ, Brazil). During collection, the animals 
were submitted to individual physical exams and relevant findin-
gs were registered. All of the animals (n= 75) were submitted to 
onsite weighing during blood collection.

Hematologic and biochemical analysis. Using the blood in 
the EDTA tubes, microhematocrit tubes were filled and centrifu-
ged to determine packed cell volume (PCV). Red blood cell (RBC) 
and white blood cell (WBC) counts were carried out in Neubauer 
counting chambers. Mean Corpuscular Volume (MCV) was calcu-
lated following the same method used for mammals. Differential 
WBC counts in blood films were performed based on the count of 
100 WBC under 1000x magnification. Blood films were also used 
to verify infection by Plasmodium spp. within erythrocytes.

Serum was collected from the anticoagulant-free tubes and 
analyzed with spectrophotometry (BIO-200F, Bioplus®, São Paulo, 
SP, Brazil) to determine uric acid, total protein, albumin and glo-
bulin levels, as well as, aspartate aminotransferase (AST) activity. 
For this, commercial kits (Labtest®, Labtest Diagnóstica AS, Lagoa 
Santa, MG, Brazil) were used according to manufacturer recom-
mendations.

Due to the rapid processing of samples, there was no hemoly-
sis. Afterwards, the remaining whole blood was frozen at -20ºC 
for DNA extraction and PCR assays.

Reference values for healthy S. magellanicus used for compa-
rison in this study were obtained from the International Species 
Information System-ISIS (www.isis.org).

DNA extraction and PCR amplification of Plasmodium spp. 
cyt b fragment. DNA extraction from whole blood was performed 
using a commercial kit (illustra blood genomic Prep Mini Spin Kit 
– GE Healthcare®, São Paulo, SP, Brazil), according to manufac-
turer recommendations, for nucleated red blood cells. The DNA 
obtained from these samples was submitted to amplification of 
a conserved region of the cytochrome b gene using nested-PCR, 
according to Perkins & Schall (2002), with modifications.

The PCR reactions were carried out under the following condi-
tions: an outer reaction using dNTPs (0.2 mM), magnesium chlo-
ride-MgCl2 (3.0 mM), primers DW2 5’-TAA TGC CTA GAC GTA TTC 
CTG ATT ATC CAG-3’ (10 pmol) and DW4 5’-TGT TTG CTT GGG AGC 
TGT AAT CAT AAT GTG-3’ (10 pmol), Taq DNA polymerase (5 U/
µL), a buffer and 3.0 µL of genomic DNA. The reaction was subject-
ed to 35 cycles at 94ºC for 30 s, 50ºC for 30 s, and 72ºC for 1.5 min.

A 1.0 µL aliquot of this product was used as a template for a 
nested reaction under the same conditions except using 1.5 mM of 
MgCl2, and primers DW1 5’-TCA ACA ATG ACT TTA TTT GG-3’ (10 
pmol) and SABR 5’GCT-GTA-TCA-TAC-CCT-AAA-GG3’ (10 pmol). 
The reaction was subjected to 40 cycles at 94ºC for 30 s, 55ºC for 
30 s, and 72ºC for 1.5 min and then 72ºC for 5 min.

This last primer was obtained based on sequences available 
at the National Center for Biotechnology Information database 
(www.ncbi.nlm.nih.gov). The primer was also submitted to the 
Basic Local Alignment Search Tool (BLAST; www.ncbi.nlm.nih.
gov/blast.cgi) and tested for the formation of primer dimers and 
its melting temperature (IDT, Integrated DNA Technologies; www.
idtdna.com/analyzer). The conditions were optimized by setting 
an annealing temperature and MgCl2 concentration gradient. By 
using the new primer, it was possible to diminish the expected 
size of the products, facilitating its amplification.

Two samples of purified DNA of Plasmodium vivax confirmed 
by blood smears and extracted from naturally infected patients 
were used in each reaction as positive controls (about 676bp). 
These samples were provided by PhD Martha Cecilia Suárez Mutis 
(Instituto Oswaldo Cruz, Fundação Oswaldo Cruz, Rio de Janeiro, 
RJ, Brazil). Ultrapure water was added to each reaction as nega-
tive control.

The amplicons were subjected to electrophoresis in 1.5% aga-
rose gel stained with ethidium bromide and observed under UV 
light.
Statistical analysis. Statistical analysis was performed using the 
Statistical Analysis System (“The SAS System”, SAS Institute Inc., 
USA). The effect of infection or non-infection by Plasmodium spp. 
on the studied variables of the penguins in this study was evalua-
ted using the chi-square test with a 5% significance.

RESULTS
Prevalence of Plasmodium spp.

All of the obtained blood samples (n= 75) were submit-
ted to PCR assays. Plasmodium spp. was detected in 32.0% 
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(24/75) of the Magellanic penguins in nested-PCR assays 
and in 29.3% (22/75) in microscopic analyses.

Hematological and biochemical results
In the present study, infected and non-infected pen-

guins had mean RBC and PCV values below normal ISIS 
ranges, but MCV within normal range in all animals (Table 
1). PCV and MCV values showed no significant difference 
between infected and non-infected penguins. There was a 
significant difference (p <0.05) in RBC and in WBC counts, 
which were lower in animals with avian malaria (Table 1). 
There were no significant red cell morphologic alterations 
and hypochromic erythrocytes were not seen.

None of the animals showed leukocytosis. Yet, some in-
fected penguins had leukopenia. Eosinophil averages were 
within ISIS reference values (Table 1) but high monocyte 
counts were found, although no significant difference was 
found between positive and negative animals. Basophil 
and lymphocyte counts were lower than the reference 
values in infected penguins. These values (basophils and 
lymphocytes) were also significantly lower (p <0.05) than 
values in non-infected penguins (Table 1). High counts of 
heterophils were observed in both groups.

AST activity was above normal range in 66.6% of infec-
ted penguins (16/24), however, there was no significant 
difference between infected and non-infected animals (Ta-
ble 1). There was a significant increase in uric acid levels 
and decrease in albumin levels in infected penguins (Table 
1). However, high concentrations of uric acid, increased se-
rum AST activity and low albumin levels were also found in 
penguins where Plasmodium spp. was not detected, which 
suggests that the penguins in the present study may have 
been affected by other inflammatory disorders and / or in-
fectious diseases that contributed to the results. The serum 
protein and globulin levels were below ISIS reference va-
lues in some infected and non-infected birds but there were 
no significant differences between then.

Clinical signs
There were significant differences in weight averages 

among the analyzed penguins, where the average weight of 

animals infected with Plasmodium spp. (2.42kg ± 0.83) was 
significantly lower than the average weight of non-infected 
animals (3.02kg ± 0.99).

The signs and symptoms observed during physical exa-
mination of each animal were dyspnea, anorexia, regurgi-
tation, neurological disorders (which include tremors and 
incoordination) and greenish to blackish diarrhea. The 
frequency of anorexia, neurologic disorders and diarrhea 
was significantly (p<0.05) higher among malaria-positive 
animals (Table 2).

DISCUSSION
Differing from this study, Jones & Shellam (1999) investi-
gated blood smears of free and captive penguins of the An-
tartic region (Aptenodytes forsteri and Pygoscelis adeliae) 
and of temperate regions (Eudyptula minor and Spheniscus 
humboldti) but did not find a positive result for Plasmodium 
spp.

The presence of Plasmodium spp. in our study was hi-
gher than those found by other authors. Varghese (1987) 
found a 10.2% prevalence in 1977 and a 4.5% prevalence 
in 1984 when evaluating blood films of 16 different bird 
species of Papua New Guinea; Graczyk et al. (1994) found 
a 21.7% prevalence in blood films of African penguins (S. 
demersus) at the Baltimore Zoo, USA; Ribeiro et al. (2005) 
found Plasmodium spp. 16.5% of blood smears of 275 pas-
serines captured in Minas Gerais state, Brazil; and Pereira 

Table 1. Mean ± standard deviation for hematologic and biochemical 
variables of positive and negative Magellanic penguins (Spheniscus 
magellanicus) for Plasmodium spp. by Polymerase Chain Reaction

	 Variable	 Negative	 Positive	 Reference
		  penguins (n=51)	 penguins (n=24)	 Values (ISIS)

	 Red blood cell (x106/µL)	 1.29A ± 0.338	 1.09B ± 0.314	 1.6 ± 0.53
	 Packed cell volume (%)	 37.18A ± 8.24	 36.15A ± 10.45	 41.4 ± 9.2
	 Mean Corpuscular volume (fL)	 294.86A ± 61.581	 336.43A ± 69.141	 313.4 ± 146.7
	 White Blood Cell (/µL)	 12,476A ± 4,999.02	 10,003B ± 3,979.70	 12,160 ± 5,976
	 Basophils (/µL)	 81,08A ± 116,05	 23,54B ± 64,49	 207 ± 126
	 Eosinophils (/µL)	 196,41A ± 233,79	 230,04A ± 263,79	 513 ± 533
	 Heterophil (/µL)	 7,786.06A ± 3,428.90	 6,501.38A ± 2,870.06	 5,366 ± 3,341
	 Lymphocyte (/µL)	 4,129.78A ± 2,271.59	 2,827.77B ± 1,409.84	 6,426 ± 3,393
	 Monocyte (/µL)	 261.49A ± 391.28	 335.92A ± 273.35	 165 ± 84
	 AST (UI/L)	 248.60A ± 153.44	 302.64A ± 174.45	 169 ± 42
	 Uric acid (mg/dL)	 10.12B ± 6.78	 16.88A ± 7.30	 7.6 ± 3.5
	 Total protein (g/dL)	 4.08A ± 1.39	 3.48A ±1.74	 4.9 ± 0.6
	 Albumin (g/dL)	 1.25A ± 0.34	 1.03B ± 0.41	 1.6 ± 0.3
	 Globulin (g/dL)	 2.87A ± 1.24	 2.45A ± 1.53	 3.4 ± 0.5

Means followed by different letters (A or B) differed at a 5% significance.

Table 2. Frequency of clinical signs observed in positive and 
negative Magellanic penguins (Spheniscus magellanicus) for 

Plasmodium spp. by Polymerase Chain Reaction

	 Variable	 Frequency (%)
		  Negative	 Positive
		  penguins (n=51)	 penguins (n=24)

	 Anorexia	 27.91%*	 69.57%*
	 Neurological alterations	 0.00%*	 17.39%*
	 Diarrhea	 13.64%*	 52.17%*
	 Dyspnea	 11.76%	 12.50%
	 Regurgitation	 0.00%	 4.17%

* Frequencies that differed at a 5% significance.
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et al. (2009) observed a 24.0% prevalence in blood smears 
of Magellanic penguins from the city of Niteroi, Brazil.

Using PCR, Ribeiro et al. (2005) reported a 39.6% pre-
valence of avian malaria in passerine birds from Brazil; Le-
vin et al. (2009) reported a 5.0% prevalence of Plasmodium 
spp. infection in Galapagos penguins (S. mendiculus) and 
Bueno et al. (2010) detected P. relictum in S. magellanicus 
at the São Paulo Zoo, Brazil.

We believe that, when living in uncovered facilities, the 
animals are more exposed to avian malaria vectors and, 
therefore, a high incidence of infection was expected in this 
study, since most animals in this study were kept in uncove-
red areas and, according to Fleischman et al. (1968), Griner 
(1974) and Cubas et al. (2007) avian malaria is a serious 
problem in penguins kept in unprotected facilities.

The higher incidence obtained in this study can be ex-
plained by the geographical location of the state of Rio de 
Janeiro that has an essentially tropical climate and, as a re-
sult, is predisposed to a greater spread of vectors. We also 
cannot disregard the low sensitivity rate of morphological 
diagnoses when compared to the molecular detection me-
thod used in the present study.

It is reported that during the acute phase of malaria, 
birds can lose body mass (Al Dabagh et al. 1961, Massard 
& Massard 1981, Massard 1982, Fix et al. 1988, Yorinks & 
Atkinson 2000, Atkinson et al. 2001), justifying the average 
weight found in the animals infected with Plasmodium spp. 
(2.42kg ± 0.83) that was lower than the average weight 
found in the non-infected animals (3.02kg ±0.99).

All signs observed during physical examinations of the 
studied penguins are frequently described in avian malaria 
reports (Atkinson et al. 2000, Cubas et al. 2007). Fix et al. 
(1988) and Cubas et al. (2007) characterized forceful food 
regurgitation as a clinical alteration in penguins with mala-
ria. During this research, regurgitation was observed in one 
animal (1/24, 4.17%), which was infected by Plasmodium 
spp.

Weakness, neurological signs and greenish feces cau-
sed by severe cases of avian malaria have been described 
before (Al Dabagh et al. 1961, Massard & Massard 1981, 
Massard 1982, Grim et al. 2003). In this study, aggravating 
signs of infection were also observed: 17.39% of parasiti-
zed animals presented neurological signs and 52.17% of 
the malaria-positive penguins presented greenish to bla-
ckish diarrhea.

It is described that infection by hemosporidians leads 
to anemia, however, laboratory abnormalities may be ab-
sent (Massard & Massard 1981, Campbell & Dein 1984, 
Atkinson et al. 2001, Thrall 2004, Valkiunas 2005, Mitchell 
& Johns 2008). Bueno et al. (2010), in an investigation of 
P. relictum in Magellanic penguins, did not find any altera-
tions in blood counts.

Mean values for RBC and PCV found in healthy S. ma-
gellanicus by Hawkey et al. (1989) (RBC=1.99 x106/µL 
±0.42; PCV=42% ±4.0) were higher than the mean values 
found in the present study. Although the mean values of 
RBC and PCV were also below ISIS reference values (Table 
1), there were no significant differences for PCV and altera-
tions in RBC counts were not enough to alter MCV values. 

Therefore, it was not possible to associate anemia with in-
fection by Plasmodium spp. in these animals.

Leukocytosis is an alteration described in avian mala-
ria (Almosny & Santos 2001, Fowler & Fowler 2001, Thrall 
2004, Cubas et al. 2007, Mitchell & Johns 2008), however, 
none of the infected animals showed this in the present stu-
dy. Yet, some penguins had leukopenia. Leukopenia due to 
infectious and inflammatory processes can be considered 
an unfavorable prognosis by indicating that the produc-
tion rate is below demand (Feldman et al. 2000, Cubas et 
al. 2007).

Infected birds presented high monocyte counts in this 
study. Monocytes are involved in inflammatory responses, 
phagocytic activity and migration into tissues to become 
macrophages (Harmon & Glisson 1990), which could occur 
perhaps in response to avian malaria and could explain our 
monocytosis findings, though there are no reports so far 
linking monocytosis to inflammatory diseases in penguins.

The role of basophils and eosinophils in birds is still not 
fully understood and may be different from that of mam-
mals (Cubas et al. 2007). Basophils contain heparin and 
the vasodilator histamine, which promotes blood flow to 
tissues. Therefore, they can induce eosinophil activity and 
assist in inflammatory processes. In the present study, the 
count of basophils was significantly (p <0.05) lower in pen-
guins with Plasmodium spp., reinforcing the idea of an un-
favorable prognosis.

In broiler chicken and other birds, chronic stress and 
handling can lead to lymphoid tissue atrophy and reduce 
the number of circulating lymphocytes (Zulkifli& Siegel 
1995, Scope et al. 2002). Considering this, it is presumed 
that this was the cause of the significant reduction of lym-
phocytes in infected penguins in this study.

The AST activity ​​is one of the most sensitive indica-
tors of liver disease in birds but is not liver-specific (Fud-
ge 2000, Thrall 2004, Schmidt et al. 2007). There were no 
significant differences between infected and non-infected 
penguins and, therefore, it was not possible to assert that 
Plasmodium spp. compromises liver function. The high AST 
activity values in 66.6% of animals with avian malaria sug-
gests the presence of liver injury, but further tests are nee-
ded for confirmation (Vashist et al. 2011).

Uric acid is commonly used to evaluate renal function 
in birds (Fudge 2000, Thrall 2004). Graczyk et al. (1995) 
reported uric acid increases in captive African penguins (S. 
demersus) from the USA that were experimentally infected 
with P. relictum and, according to Fleischman et al. (1968), 
in African penguins, malaria can trigger extensive kidney 
damage, which is what possibly occurred to the Magellanic 
penguins in this study, leading to an increase in serum uric 
acid in the infected birds. However, in the study of Bueno et 
al. (2010), the investigated biochemistry results were mos-
tly within normal range.

There was a significant decrease in albumin levels ​in 
infected penguins, what differs from the study of Graczyk 
et al. (1995) who did not observe any connection between 
protein, albumin and globulin levels or albumin/globulin 
ratios and African penguins infected with P. relictum. Albu-
min represents about 40-50% of serum proteins, it is syn-
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thesized by the liver and its measurement can complement 
the diagnosis of liver diseases (Thrall 2004, Schmidt et al. 
2007). Thus, it is possible that albumin values have a grea-
ter importance in the diagnosis and prognosis of avian ma-
laria in Magellanic penguins than what has been reported 
so far.

There was no significant difference in total protein and 
globulin levels between infected and non-infected pen-
guins, and many penguins, regardless of infection, showed 
low serum protein levels. Considering that hypoproteine-
mia may also be observed in cases of food deprivation, liver 
disease or proteinuria in renal diseases (Lewandowski et 
al. 1986, Bowes et al. 1989, Ritchie et al. 1994, Thrall 2004, 
Schmidt et al. 2007), the low serum protein levels found in 
the studied specimens may be related to these causes ra-
ther than to infection.

Apparently, in some birds, such as chicken, this parasi-
te seems to benefit from the host but without harming it 
(Anderson & May 1979, Belo 2007). However, this is not 
observed in Magellanic penguins. The penguins that arrive 
at the Brazilian coast have a low resistance to Plasmodium 
spp. resulting in the large negative impact of this parasite 
on these young animals (Cubas et al. 2007). Further studies 
are important for a better understanding of the damage 
caused by avian malaria, including tests to identify liver in-
jury, and to create a routine screening method in rehabili-
tation centers.

CONCLUSIONS
This study allowed us to conclude that Plasmodium spp. 

occurs in Southeastern Brazil which associated to the exis-
tence of vectors in the region, makes it an important risk 
factor for Magellanic penguins kept in rehabilitation cen-
ters of such region.

Avian malaria compromises the weight of infected Ma-
gellanic penguins with anorexia, neurological alterations 
and diarrhea appearing in severe cases of the disease in 
these birds. Hematologic abnormalities may not be conclu-
sive, but leukopenia, monocytosis and significant decrease 
of basophils and lymphocytes revealed the presence of an 
inflammatory process associated with chronic stress and 
an unfavorable prognosis.

Plasmodium spp. infections may progress with elevated 
uric acid concentrations, and low albumin values. Increa-
sed AST activity was noted in infected penguins, however, 
high concentrations of uric acid, increased serum AST ac-
tivity and low albumin values were also found in penguins 
in which Plasmodium spp. was not detected. This suggests 
that the penguins in the present study may have been affec-
ted by other inflammatory disorders and / or infectious di-
seases that contributed to the results.

We suggest that there is a lack of adaptation in the host-
-parasite relationship between Magellanic penguins and 
Plasmodium spp. justifying the high infection rate observed 
in this study, as well as the observed clinical, hematologic 
and biochemical alterations.
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