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Abstract Cardozo SV, Berto BP, Cardozo 
TSF, Mesquisa EFM, Lopes CWG. 2013. 
Oocysts of Cryptosporidium Tyzzer, 1907 
(Apicomplexa: Cryptosporidiidae) in 
brown mussels Perna perna L., 1758 (Mol-
lusca: Bivalviae) in Ponta do Tinguí, Man-
garatiba, RJ: A biomarker of environmen-
tal contamination [Oocistos de Cryptospori-
dium Tyzzer, 1907 (Apicomplexa: Cryptospo-
ridiidae) em mexilhões Perna perna L., 1758 
(Mollusca: Bivalviae) na Ponta do Tinguí, 
Mangaratiba, RJ: Um biomarcador de conta-
minação ambiental.] Coccidia 1, 32-38. Curso 
de Especialização em Ciências do Laboratório 
Clínico e Diagnóstico in vitro, Escola de Ci-
ências da Saúde, Universidade do Grande Rio. 
Rua Prof. José de Souza Herdy, 1160, 25071-
202, Duque de Caxias, RJ, Brasil. E-mail: 
sergian.cardozo@unigranrio. com.br 

Discharge of treated or untreated sewage 
into rivers and seas undermines the quality of 
the water, besides introducing human or ani-
mal enteric pathogens and contribute to higher 
levels of organic nutrients in these areas. The 
aim of this work was to use oocysts of Cryp-
tosporidium Tyzzer, 1907 as a biomarker of 
environmental contamination in bivalve mol-
luscs Perna perna L., 1758 collected in Ponta 
do Tingüi, Mangaratiba, RJ. For this, the mus-
sels collected were processed in the laborato-
ry, being detached from their shells and mace-
rated. The biomass was diluted in distilled 
water and filtered to obtain a water-biomass 
solution, which was subjected to formalin-
ether sedimentation technique, with observa-
tion in bright field, and safranin-methylene 
blue staining technique. All samples were po-  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
sitive for Cryptosporidium oocysts. Forty 
oocysts were measured and compared with 
Cryptosporidium hominis Morgan-Ryan, Fall, 
Ward, Hijjawi, Sulaiman, Fayer, Thomp-
son,Olson, Lal, Xiao, 2002 oocysts by using 
histograms and linear regressions. Morphome-  
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tric differences were observed when both 
oocysts samples were compared; however, 
this statistical morphometric evaluation was 
efficient to determine the presence of Cryp-
tosporidium oocysts in samples of mussels, 
although inconclusive in determining the spe-
cific identification. In conclusion, this study 
reported the presence of Cryptosporidium sp. 
from biomass of mussels P. perna and, conse-
quently, environmental contamination, wheth-
er by human or animal waste, in Ponta do 
Tingüi, Mangaratiba, RJ.  
 
Keywords coccidium, morphometry, mussels, 
environmental contamination, sewage, bio-
marker, bioaccumulation. 
 
Resumo O despejo de esgoto sem tratamento 
ou tratado em rios e mares compromete a 
qualidade destes corpos hídricos, pois pode 
introduzir patógenos entéricos humanos ou 
animais além de contribuir para a elevação 
dos níveis de nutrientes orgânicos nestas á-
reas. O objetivo do presente trabalho foi utili-
zar oocistos de Cryptosporidium Tyzzer, 1907 
como biomarcador de contaminação ambien-
tal em moluscos bivalves Perna perna L., 
1758 coletados na Ponta do Tinguí, Mangara-
tiba, RJ. Para isso, os mexilhões coletados 
foram processados em laboratório, sendo des-
tacados de suas conchas e macerados manu-
almente em gral e pistilo. O macerado foi 
diluído em água destilada e filtrado obtendo-
se uma solução água-biomassa que foi subme-
tida à técnica de centrífugo-sedimentação 
formaldeido-éter com observação em campo 
brilhante, e à técnica de coloração de safrani-
na-azul de metileno. Todas as amostras foram 
positivas para os oocistos de Cryptosporidi-
um. Quarenta oocistos foram medidos e com-
parados com oocistos de uma amostra positiva 
para Cryptosporidium hominis Morgan-Ryan, 
Fall, Ward, Hijjawi, Sulaiman, Fayer, Thomp-
son, Olson, Lal, Xiao, 2002, através de histo-
gramas e regressões lineares. Diferenças 
morfométricas foram observados quando 
ambas as amostras de oocistos foram 
comparadas; no entanto, esta avaliação 
morfométrica estatística foi eficiente para 
determinar a presença de oocistos de 
Cryptosporidium em amostras de mexilhões, 
embora inconclusiva na identificação 
específica. Neste sentido, conclui-se que foi 

identificada a presença de oocistos de Cryp-
tosporidium na biomassa dos mexilhões P. 
perna e, conseqüentemente, a contaminação 
ambiental, seja por dejetos humanos ou ani-
mais, na Ponta do Tinguí, Mangaratiba, RJ. 
 
Palavras-chave coccidium, morfometria, me-
xilhões, contaminação ambiental, esgoto, bio-
marcador, bioacumulação. 
 
Introduction 
 

The domestic and industrial waste dis-
charge, which contaminates rivers, lakes and 
seas, is responsible for the degradation of 
water resources in Brazil and most countries 
of the world (Valença 2003). 

Marine bivalves are distributed along the 
coastal environment and, due to their filter-
feeding habits, can accumulate large numbers 
of bacteria, parasites and heavy metals (Car-
valho 2001, Leal & Franco 2008). These mol-
lusks filter 19 to 50 liters per hour with little 
or no selective capability (Galvão 2004). In 
oysters, for example, several bacteria survives 
the digestive process due to the adaptation to 
the marine environment, mechanisms of en-
zymatic resistance and use of the intestinal 
environment of the host as a nutritional source 
(Silva et al. 2004). 

In humans, many food outbreaks are asso-
ciated to fresh consumption of seafood con-
taminated with gastrointestinal pathogens 
(Croci et al. 2000 Pereira et al 2007). Shellfish 
are the biggest bioaccumulators of pollutants 
from the environment, and thus they are bio-
indicators of unsanitary water (Leal & Franco 
2008). The main biomarkers detected and 
quantified in these bioindicators are fecal 
coliforms (Sande et al. 2010) and protozoa of 
the genera Cryptosporidium Tyzzer, 1907 and 
Giardia Kunstler, 1882 (Leal & Franco 2008, 
Cardozo et al. 2012). 

Worldwide, few studies are aimed to detect 
oocysts of Cryptosporidium and cysts of 
Giardia from marine ecosystems, although, 
both protozoa already have been reported 
from beaches and estuarine regions of some 
countries, including Brazil (Johnson et al. 
1995, Cardozo et al. 2012). 

The aim of this study was to detect conta-
mination by waste of human and/ or animals 
in the natural banks of Ponta do Tingüi, Man-
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garatiba, RJ, by isolation of oocysts of Cryp-
tosporidium from biomass of brown mussels 
Perna perna L., 1758. Secondly, these oo-
cysts, which are biomarkers of environmental 
contamination, were morphometrically com-
pared with oocysts of Cryptosporidium homi-
nis Morgan-Ryan, Fall, Ward, Hijjawi, Sulai-
man, Fayer, Thompson,Olson, Lal, Xiao, 
2002, searching for similarities that would 
suppose the species isolated from the mussels. 

 
Materials and methods 
 
Study area 
 

Brown mussels P. perna were directly col-
lected from natural banks located in Ponta do 
Tingüi, in the coastal region of Sepetiba Bay. 
The Sepetiba bay is a partially mixed estua-
rine system located at latitude 23º S and longi-
tude 44º W,  in the southeastern coast of the 
state of Rio de Janeiro covering the munici-
palities of Rio de Janeiro, Itaguaí and Manga-
ratiba. Sepetiba bay has been a site of indus-
trial and domestic waste discharge, which 
constituents are accumulated within the bay 
due to the reduced current dynamics. 

 
Experimentation sites 
 

The samples of brown mussels were ana-
lyzed at the Laboratório de Coccídios e Coc-
cidioses in the Universidade Federal do Rio 
de Janeiro, Seropédica, RJ and at the Scien-
tific Research Center (SRC) in the Universi-
dade do Grande Rio, Duque de Caxias, RJ. 
  
Samples processing 
 

At the SRC, the biomass of the mussels 
was removed from the shell, sectioned and 
macerated. Then, this macerate was diluted in 
distilled water and filtered to produce a bio-
mass-water solution. This solution was proc-
essed according to formalin-ether sedimenta-
tion technique (Ritchie 1948). An aliquot of 
the pellet of each sample was observed in 
bright field microscopy, being the positive 
samples stained by safranin-methylene blue 
technique. 

Measurement and photomicrography 
 
The oocysts of Cryptosporidium recovered 

from the biomass of the mussels were meas-
ured at the Laboratório de Coccídios e Coc-
cidioses using a Carl Zeiss binocular micro-
scope with an apochromatic oil immersion 
objective lens and an ocular micrometer (K-
15X PZO, Poland). Size ranges are shown in 
parenthesis followed by average and shape 
index (L/W ratio). Photomicrographs were 
taken using a digital camera (Evolution MP 
5.0 Colled). 

 
Statistical evaluation 

 
Two statistical methods were employed for 

morphometric comparison of the oocysts of 
Cryptosporidium isolated from brown mussels 
in the current study, compared to oocysts of 
C. hominis from a sample previously identi-
fied by molecular methods: (1) Histograms 
were prepared to plot the values of the length, 
width and shape-index of the oocysts, as well 
as their relative frequencies, according to 
Sampaio (2002) and Berto et al. (2008); (2) 
Linear regression was prepared to compare 
the distribution of the samples of Crypto-
sporidium using methods proposed by Norton 
& Joyner (1981) and modified by Sampaio 
(2002) and Berto et al. (2011). The graphic 
and coefficient of regression line was obtained 
using the software Microsoft Excel 2007®. 
 
Results and discussion 
 

Oocysts of Cryptosporidium (Figure 1a) 
were recovered and identified from all sam-
ples of biomass of brown mussels P. perna. 
Fourty of these oocysts were morphometri-
cally compared with oocysts of C. hominis 
(Figure 1b), resulting in the graphs of the Fig-
ures 2 and 3. 

The histograms (Figure 2), showed a regu-
lar distribution when it was observed each 
sample separately; in other words, the fre-
quencies of the different classes increased and 
declined gradually, indicating only one spe-
cies in each sample. The histogram of shape-
index (Figure 2c) revealed a higher frequency 
in the range of values from 1.1 to 1.3. This 
observation indicates a tendency for the oo-
cysts to adopt a ellipsoidal shape. 
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In a comparative evaluation between sam-

ples, it was observed the uniformity of fre-
quencies in the length classes (Figure 2a), 
which would suggest that the oocysts recov-
ered from brown mussels would be C. 
hominis; in contrast, in the histograms of 
width and shape-index (Figure 2b-c) it were 
observed widely divergent frequencies in sev-
eral classes. 

The linear regression (Figure 3) confirms 
the morphometric differences between the 
samples. The regression lines were not super-
imposed and the different inclinations indicate 
different shapes of oocysts, which can also be 
observed in the histograms of shape-index. 
The regression line more inclined for the 
sample from brown mussels indicates that 
these oocysts were more spherical than oo-
cysts of C. hominis. In addition, the oocysts 
recovered from brown mussels were distrib-
uted in a regular regression, with R2 near 0.7, 
while the oocysts of C. hominis were irregular 
in its distribution. 

Importantly, these morphometric differ-
ences do not necessarily indicate that the oo-
cysts recovered from brown mussels in the 
current study are of a different species than C. 
hominis. There are environmental factors as-
sociated with host-parasite interaction and, 
particularly, to methods of isolation and iden-
tification, which may become polymorphic 
oocysts. Ramirez et al. (2008) concluded that 
the oocysts of Cryptosporidium become more 
polymorphic by Ziehl-Neelsen staining tech-
nique compared to flotation in Sheather’s 
sugar solution. Therefore, this statistical mor-
phometric evaluation was efficient in the cha-
racterization and morphometric comparison of 
samples evidencing the presence of Cryptos- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

poridium sp. in samples of mussels; however, 
it is inconclusive in specific identification. 

In another aspect, the presence of oocysts 
of Cryptosporidium in the biomass of brown 
mussels revealed environmental contamina-
tion by human and/ or animal waste in the 
study area. According to Leal & Franco 
(2008) the location at which occur the produc-
tion and extraction of different species of bi-
valve molluscs intended for human consump-
tion needs to be extensively studied so that 
they can be traded safely and free of any pa-
thogenic microorganisms. These observations 
support this study, since that these brown 
mussels contaminated by Cryptosporidium are 
widely traded and consumed by the surround-
ings of Ponta do Tingüi. 

Outbreaks associated with the consumption 
of bivalve molluscs have been reported 
worldwide, especially in North America, Asia, 
Europe and Oceania, and in the last three dec-
ades there has been a increase in reports of 
outbreaks caused by eating oysters, clams and 
mussels (Potasman et al. 2002). The largest 
outbreak ever reported occurred in Shanghai, 
China, in 1988, where 290,000 people have 
contracted hepatitis A after eating clams 
(Tang et al. 1991). 

Currently, contamination of bivalve mol-
luscs by pathogenic protozoa has been pre-
sented as an emerging aspect with implica-
tions for public health. Although there has not 
been reports of outbreaks of protozoan infec-
tions related to the ingestion of seafood 
worldwide, the natural occurrence of Cryptos-
poridium has been reported in several coun-
tries in different species of bivalve molluscs 
(Leal & Franco 2008, Cardozo et al. 2012). 
Thus,  concepts  have  been  widely  discussed  

Fig. 1. Oocysts of Cryptosporidium recovered from brown mussels in Ponta do Tingüi, Mangaratiba, RJ 
(A) and oocysts of Cryptosporidium hominis (B). Safranin-methylene blue staining. Scale: 10μm. 
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Fig. 2. Histograms of length (a), width (b), and shape-index (c) of Cryptosporidium sp. recovered from 
biomass of brown mussels Perna perna in Ponta do Tingüi, Mangaratiba, RJ, compared to Cryptospori-
dium hominis. Y axis: frequencies, X axis: classes of measures. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

37 
 
 

Cardozo et al.  

Coccidia, 1(2), 32-38, 2013

Fig. 3. Linear regression of the oocysts of Cryptosporidium sp. recovered from biomass of brown mus-
sels Perna perna in Ponta do Tingüi, Mangaratiba, RJ, compared to Cryptosporidium hominis. Y axis: 
width, X axis: length. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and disseminated worldwide on the potential 
risks of acquiring protozoosis by ingestion of 
raw or undercooked shellfish (Rose et al. 
2002). 

Finally, it becomes especially relevant and 
necessary the parasitological monitoring of 
bivalve molluscs that will be traded, and also 
in the areas where the bivalve molluscs are 
found, both on mariculture farms and in natu-
ral environments available for exploratory 
collection. 
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