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DETECTION OF ROTAVIRUS FROM PIG LIVESTOCK WASTEWATER
OF SAO PAULO STATE, BRAZIL

DETECCAO DE ROTAVIRUS EM EFLUENTES DE CRIACOES DE SUINOS NO
ESTADO DE SAO PAULO, BRASIL
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SUMMARY

Rotavirus is one of the most important viral agents of gastroenteritis among child and animals from different species.
It’s high environmental resistance and the fecal-oral way of transmission makes this virus likely to be transmitted by
wastewater. This study seeks to detect the wastewater elimination and circulation of group A rotavirusin low technified
pig farms from Sao Paulo State, Brazil. A total of 25 samples, including piglet feces with diarrhea and untreated
wastewater samples, from 7 different farms, were submitted in a parallel screening scheme of rotavirus infection
through polyacrilamide gel eectrophoresis (PAGE) and ELISA, which the positive samples were further confirmed by
RT-PCR (reverse-transcription polimerase chain reaction). The PAGE revealed only one positive sample (1/25 or 4%)
from feces, while by ELISA, 6 (6/25 or 24%) samples were positive, which 4 were from feces and 2 from wastewater.
The RT-PCR confirmed all positive PAGE and ELISA results. Therefore, the rotavirus was found in 3 of 7 (42.86%)
researched farms, which in 2 of these were detected both in animals and wastewater and one were found virus only in
fecal samples. In view of these results, there was rotavirus detection from untreated pig farm wastewater, posing as a
risk of spreading for humans and animals, implying the need of assuring microbiological and environmental safety
measures with this material.
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RESUMO

Os rotavirus sdo um dos principais agentes virais envolvidos na ocorréncia de gastroenterites em criangas € em animais
de diferentes espécies. Sua elevada resisténcia ambiental aliada a via de transmissdo fecal-oral, torna-o um agente
propicio de se propagar pela agua, principalmente nos efluentes. O objetivo deste estudo foi 0 de se detectar a
circulagdo e eliminacdo de rotavirus em criagdes de suinos de baixa tecnificagdo do Estado de Sdo Paulo, Brasil. Um
total de 25 amostras, incluindo fezes de leitdes com diarréia e efluentes ndo tratados, de 7 diferentes propriedades,
foram testadas em paralelo para detec¢do do rotavirus através da eletroforese em gel de poliacrilamida (PAGE) e
ELISA, sendo as positivas confirmadas por RT-PCR (transcri¢do reversa - reagdo em cadeia pela polimerase). A PAGE
evidenciou apenas uma amostra positiva (1/25 ou 4%) proveniente de material fecal, enquanto que pela ELISA, 6 (6/25
ou 24%) amostras positivas, das quais 4 de materia fecal e 2 de efluentes. A RT-PCR confirmou todos os resultados
positivos de PAGE e ELISA. Portanto, os rotavirus foram encontrados em 3 de 7 (42,86%) das criagdes pesquisadas,
das quais em duas destas, o virus foi detectado tanto no efluente quanto nos animais. Face a estes resultados, houve a
detecgio de rotavirus nos efluentes ndo tratados de criagdes de suinos, constituindo um risco para a disseminagdo do
agente para humanos e animais, implicando na necessidade de assegurarem-se medidas de seguranga ambiental ¢
microbiologica deste material.

PALAVRAS-CHAVE: Diarreia. Efluente. Meio-Ambiente. Rotavirus. Suino.
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INTRODUCTION

The intensification of the pig farming increased not
only the environmental concerns, but also health issues
due to toxic substances and great variety of microbia
disease agents in the wastewater (WHO, 2004). These
sawage pathogenic agents are not well studied and
many of them can be transmitted from animals to
human by various routes, such as by manure
management work or eating raw food fertilized with
manure slurry (CONSTANTINI et a. 2007, GERBA &
SMITH JUNIOR, 2005).

As the low technified pig farms may have poor
wastewater treatment practices, once the short
production-scale and restricted profitability pose as
limiting factors in order to adopt treatment systems like
stabilization ponds, biodigesters and composting
manure, there is, as consequence, a potential risk of
spreading of enteric pathogens arising from the
improper disposal of this material.

Rotavirus is one the most important viral agents of
gastroenteritis in children and different animals
species, by oral-fecal route, in which water plays an
important role in the transmisson (ESTES &
KAPIKIAN, 2007, PAHO, 2001), and both bovine and
swine act as a genetic and antigenic reservoir of the
human rotavirus diversity (COOK et a. 2007,
MARTELLA et al. 2005, PAHO, 2001). In pig, it
affects mostly animals aged from 5 to 35 days, causing
economic losses by weight reduction, mortality
(MORES €t al. 1987).

There are several reports about the animal-human
rotavirus interaction in the world. Laird et al. (2003)
detected P genotypes with porcine and canine originin
Mexico; BanerjeE et a. (2007) found in India, a
rotavirus G11P[25] which they considered a possible
zoonotic transmission, once the G11 genotype is more
commonly found in swines and bovines. These same
authors also found a G3P[3] sample, which the G3
genotype had greater nucleotide identity with animal
strains, when compared with humans.

In Brazil, Gabbay et a. (2008) detected by PCR a
group C rotavirus that had porcine virus characteristics
in children feces and Mascarenhas et a. (2007) found
human rotavirus with same RNA seguences of VP4
and NSP4 from swine origin

Considering the zoonotic and inter-species aspects
of the infection of rotavirus and need of information
about the agent environmental contamination by
wastewater, the aim of this study was the detection of
rotavirus in piglets and low technified pig farms
wastewater.

MATERIAL AND METHODS

Between May 2007 and June 2008, 7 farms located
in Sdo Paulo Brazil were visited and the animal feces
with diarrhea and 300ml of wastewater collected, using
for both stool container. A total of 25 samples (18 of
feces and 7 of wastewater) were submitted in a parallel
screening scheme of rotavirus infection through
polyacrilamide gel electrophoresis (PAGE) and
ELISA, which the positive samples were further

confirmed by RT-PCR
polimerase chain reaction).

Stool samples were prepared as 20% suspensionsin
TRIS-HCI 0,1M pH 7,3 buffer and clarified at 12,000x
o/ 30 minutes at 4°C, and the supernatant was stored at
-20°C until analysis.

The wastewater samples were initialy clarified at
12,000x ¢/ 30 minutes at 4°C, and after concentrated by
osmosis, using dialysis bags (LaBELLE & GERBA,
1980) (SIGMA® D6191) and saccharose, in order to
reduce the volume to approximately 5 mL.

After, the samples were screened for rotavirus 11-
segmented RNA in PAGE (polyacrylamide gel
electrophoresis) according to Herring et al. (1982).
Total RNA was extracted with phenol/ chlorophorm,
precipitated with ethanol and resolved in 3.5% / 7.5%
discontinuous polyacrylamide gel under 20 mA for 2
hours and silver stained. The NCDV (Nebraska Calf
Diarrhea Virus) rotavirus strain (MEBUS et a. 1969,
WHITE et a. 1970) was included as positive and TRIS
(base) 0.1IM pH 7.3 solution as negative controls,
respectively.

As a parallel test, a double-sandwich ELISA for
group A rotavirus detection (GREGORI et a. 2000)
was aso applied to the same fecal and wastewater
suspensions, with the NCDV strain as positive and
TRIS (base) 0.1M pH 7.3 solution as negative controls,
respectively.

For the RT-PCR, the TRIzol® (Invitrogen™)
reagent was used to extract the total RNA from fecal
suspensions or wastewater, according to the
manufacturer’s instructions. After, 5.6 uL of this RNA
solution was mixed with 1.4 puL of DMSO and
denatured at 95°C for 5 minutes.

Reverse transcription (cDNA synthesis) was carried
out at 42°C for 60 min in a reaction mix with 1xFirst
Strand Buffer (Invitrogen™), ImM of each dNTP, 10
mM DTT, 1uM of each primer (Con2 and Con3, for P
detection; Beg9, End9, EndOUK, and End9CRWS, for
G detection, according to GOUVEA et a. 1994ab),
7uL of RNA sample (as described) and 200 U of M-
MLV Reverse Transcriptase (Invitrogen™) in a 20uL
final reaction volume.

As next step, 5 pL of the cDNA were added at the
PCR solution composed of 1x PCR Buffer
(Invitrogen™), 0,2 mM of each dNTP, 0,5 pmol/ pL of
each primer (Con2 and Con3, for P detection; Beg9,
End9, End9UK, and End9CRWS, for G detection), 1,5
mM of MgCl,, 1,25 U of Tag DNA Polymerase
(Invitrogen™), ultrapure water in a 50 pL. The
solution, then, was submitted in thermal cycler, at 30
cycles of 94°C/ 1 minute, 42 °C/ 2 minutes, 72°C/1
minute, and then, at 72°C/1 0 for final extension.

The second round amplification (“nested-PCR”),
was consisted in mixing 5uL of amplified DNA from
the previous stage with a solution composed of 1x PCR
Buffer (Invitrogen™), 0,2 mM of each dNTP, 0,5
pmol/uL of each primer (Con2, pUK, pNCDV,
pGOTT, pB223, and pOSU for P detection; sBeg9,
FT5, ET10, DT6, BT11, and HT8 for G detection), 1,5
mM of MgCl,, 1,25 U of Tag DNA Polymerase
(Invitrogen™), ultrapure water Q.S. 50uL, and
submitted at 25 cycles of 94°C/1 minute, 55°C/2

(reverse-transcription
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minutes, 72°C/1 minutes, followed by a final step of
72°C/10 minutes for final extension.

As following, 10uL from the first and second
amplifications were analyzed by agarosis gel
eletrophoresis a 1.5% (p/v) in 0.045 M TRIS-borate
buffer; EDTA 0.001 M pH 8.0, colorating the gel in
water bath with 0.5 pg/mL of ethidium bromide for 10
minutes. Each RT-PCR step (extration, reverse
transcription, PCR and eletrophoresis) were conducted
in separate rooms, using as positive control the NCDV
rotavirus sample and the ultrapure water as negative.

Samples with visible bands of correspondent size
from those described by GOUVEA et a. (1994ab),
which are: for G; 876 bp — first amplification, 780 bp -
G5, 500 bp - G6, 274 bp - G8, 715 bp - G10, and 337

Table 1 - Rotavirus fecal and wastewater results

bp for G11 and to P; 876 bp — first amplification, 622
bp - P1, 555 bp - P5, 423 bp - P6, 502 bp - P7, 314 bp -
P11) in any PCR round (first or second), were
considered positives, having as reference the adding of
10 puL of 100 bp DNA ladder (Invitrogen™).

RESULTS

The PAGE test detected rotavirus in one sample
(125 or 4%), whereas in ELISA atotal of 6 (6/25 or
24%) samples were positive, which 4 (4/18 or 22.23%)
were from feces and 2 (2/7 or 28.57%) of wastewater
(Table 1). The RT-PCR confirmed all positive results
from the previously cited techniques (Table 1).

Sample Site Type PAGE ELISA RT-PCR
1st G 2nd G Ist P 2nd G

1 1 Fecal - + + - + -

2 1 Feca - - NT NT NT NT
3 1 Feca - - NT NT NT NT
4 1 Feca - - NT NT NT NT
5 1 Wastewater - - NT NT NT NT
6 2 Fecal + + - - + P[6]
7 2 Fecal - + + G[10] + -

8 2 Feca - - NT NT NT NT
9 2 Feca - - NT NT NT NT
10 2 Feca - - NT NT NT NT
11 2  Wastewater - + + G [10] + -

12 3 Feca - - NT NT NT NT
13 3  Wastewater - - NT NT NT NT
14 4 Feca - - NT NT NT NT
15 4 Feca - - NT NT NT NT
16 4 Feca - - NT NT NT NT
17 4 Feca - - NT NT NT NT
18 4  Wastewater - - NT NT NT NT
19 5 Feca - - NT NT NT NT
20 5 Feca - - NT NT NT NT
21 5  Wastewater - - NT NT NT NT
22 6 Fecal - + + - - -

23 6 Wastewater - + + - - -

24 7 Feca - - NT NT NT NT
25 7  Wastewater - - NT NT NT NT

a “+” signal is positive result
b- “-” signal is negative result
C- “NT” signal is “non-tested sample”

d- For the second amplification of P and G, the showed genotype is the positive result
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DISCUSSION

This study detected rotavirus in fecal and sewage
samples using of ELISA and PAGE, with further
confirmation by RT-PCR in 3 farms, what means
42.85% (3/7), demonstrating the rotavirus circulation
in these piggeries and their viral environmental
contamination by fecal dudge (Table 1).

Rotavirus was detected by PAGE in only one fecal
sample (/25 or 4%). However, when ELISA results
are taken into consideration, 6 (6/25 or 24%) samples
were positive which 4 were from feces and 2 of
sewage, all of them confirmed by RT-PCR (Table 1).

The difference between these two diagnostic
techniques might be due to the lower ELISA detection
limit when compared with PAGE (WINIARCZYK &
GRADZKI, 2002), given that the virus on wastewater
is diluted and it may be not possible to be detected by
PAGE even with the use of concentration method, but
because of the reduced number of samples (n), this
possibility cannot be confirmed.

An aternative explanation would be the viral RNA
degradation under high moisture and presence of
unspecific inhibitors condition, as well as the diversity
of wastewater in composition and environmental
conditions (WILSON, 1997). However, the detection
of the virus in 2 wastewater samples by RT-PCR
makes this hypothesis unlikely, as this diagnostic
technique depends on the viral genetic materia
integrity (Table 1).

Regarding the rotavirus variability mechanisms
(TANIGUCHI & URASAWA, 1995), the use of RT-
PCR for direct diagnosis was done with primers
described by GOUVEA et al. (1994a; 1994b), although
they were intended to group A rotavirus genotyping.
Samples were considered positive by RT-PCR if any
specific amplification band in the first and/or second
amplification rounds targeting VP4 or VP7.

Using our described primers, it was not possible to
identify every genotype. The samples 1, 22 and 23
showed to be only G positive (had a 876 bp amplified)
while 1, 7 and 11 were only P positive (with a 876 bp
amplified). Our found genotypes were G [10] (which is
a 715 bp amplified) in samples 7 and 11, and aP [6] in
the number 6 (with a 502 bp amplified). The G [10]
was found in Sdo Paulo state pigs by GREGORI
(2003), and P [6], according to ALFIERI et al. (1999),
it’s common in Parana state swines, which is a
neighbor of Sio Paulo state.

In one farm (1/7 or 14.28%), the agent was detected
exclusively in a fecal sample, arising at least two
hypothesis. The first might be the low circulation of
rotavirus in this farm, what could explain the negative
results in wastewater. Secondly, would be the high
dilution or integrity of viral particles in the collect
time.

Concerning the positive results both in fecal and
manure sludge samples, it should be pointed out that
this do not necessarily means that the viral particles are
infectious in wastewater, as they are under adverse
conditions such as high moaisture, which may inactivate
the rotavirus (ESTES & KAPIKIAN, 2007). Although
molecular techniques are sensitive, they are not able to

evaluate the viral viability, requesting further studies
that demonstrate this biological characteristic.
However, Limsawat & Ohgaki (1997) related that it is
very likely that the viral particle is able to infect when
detected in wastewater, as the nucleic acid have quick
degeneration when in direct contact with sewer. About
human rotavirus, there are severa reports about the
virus detection in wastewater, such as by Mehnert &
Stenwien (1993) in Sio Paulo sewage and Gerba
(1996), about a waterborne rotavirus outbreak in
Brazil.

Constantini et a. (2007) succeed to inoculate
treated wastewater rotavirus in gnotobiotic animals,
which were asymptomatic and eliminated the virus by
feces. A viral isolation attempt in cell culture would be
the test of choice to evaluate viability, however, this
technique have low sensibility and high detection
threshold (GREEN & LEWIS, 1999, LIMSAWAT &
OHGAKI, 1997).

The viability of the swine rotavirus in the water
also pose as a zoonatic risk, even though the rotavirus
inter-species transmission is rare, but exists (ESTES &
KAPIKIAN, 2007, PAHO, 2001, WHO, 2004), what
arises environmental health concerns in agriculture and
consequently food; drinkwater for humans, animals
(mainly bovines and chickens) and wild fauna
(WALTER, 2001, WHO, 2004, WHO, 2006).

The rotavirus environmental contamination by
wastewater can be a route of spreading the disease to
another farms, but also in humans and wild animals. As
an example, Gerba et al. (1996) reported 9 rotavirus
waterborne outbreaks caused by direct feca
contamination or improper treatment of water.
Although this work don’t make evaluation of the agent
viral viability, it was possible to detect the rotavirus
wastewater presence. The study presented herein, open
new perspectives to studies towards better
understanding of  possible  swine  rotavirus
environmental implications and its consequences like,
viral particle viability and efficiency of different swine
wastewater treatment (RZEZUTKA & COOK, 2004,
WALTER, 2001, WHO, 2004).

In conclusion, it was demonstrated the rotavirus
were present in 3 farms, which in 2 was possible to
observe the virus not only in feces, but also in
wastewater contaminating the environment.

REFERENCES

ALFIERI, A. A, ALFIERI, A. F., BEUTEMMULLER,
E. A., MEDICI, K. C. Aspectos epidemiologicos da
rotavirose suina na regido sudoeste do Estado do
Parana, Brasil. Semina: Ciéncias Agrarias, Londrina,
v.20, p.5-11, 1999.

BANERJEE, I, ITURRIZA-GOMARA, M,
RAJENDRAN, P., PRIMROSE, B., RAMANI, R,
GRAY, J. J, BROWN, D.W., KANG, G. Molecular
characterization of G11 P[25] human rotavirus strains
associated with asymptomatic infection in South India.
Journal of Medical Microbiology, v.79, n.11, p.1768-
1774, Nov., 2007.

139



CONSTANTINI, V. P, AZEVEDO, A. C, LI, X,,

WILLIAMS, M. C., MICHEL JUNIOR, F. C,, SAIF, L.

J. Effects of animal waste treatment technologies on
detection and viability of porcine enteric viruses.
Applied and Environmental Microbiology, V.73
n.16, p.5284-5291, Jan., 2007.

COOK, N., BRIDGER, J.,, KENDALL, K., GOMARA,
M. |., EL-ATTAR, L., GRAY, J. The zoonotic
potential of rotavirus. Journal of Infection, v.48,
p.289-302, 2004.

ESTES, M. K., KAPIKIAN, A. Z. Rotaviruses. In:
FIELDS, B. N., KNIPE, P. M., HOWLEY, P. M.
Field’s Virology. 5 ed. Filadélfia: Lippincott Williams
& Wilkins, 2007. p. 1917-1973.

GABBAY, Y. B, BORGES, A. A,, OLIVEIRA, D. S,
LINHARES, A. C., MASCARENHAS, J. D. P,
BARARDI, C. R. M., SIMOES, C. M. O., WANG, Y.,
GLASS, R. 1., JANG, B. Evidence of zoonotic
transmissionof group C rotaviruses among children in
Belém, Brazil. Journal of Medical Virology, n.80,
p.1668-1674, 2008.

GERBA, C. P, ROSE, F. B., HAAS, C. N,
CRABTREE, K. N. December, 1996. Waterborne
rotavirus. A risk assessment. Water Research, v.30,
p.12, p.2929-2940.

GERBA, C. P. SMITH JUNIOR, J. E. Sources of
pathogenic microorganisms and their fate during land
application of wastes. Journal of Environmental
Quality, v.34, n.1, p.42-48, Jan. 2005.

GOUVEA, V., SANTOS, N., TIMENETSKY, M. C.
Identification of bovine and porcine

rotavirus G types by PCR. Journal of Clinical
Microbiology, v.32, n.5, p.1338-1340, 1994a.

GOUVEA, V., SANTOS, N., TIMENETSKY, M. C.
VP4 typing of bovine and porcine group A rotaviruses
by PCR. Journal of Clinical Microbiology, v.2, n.5,
p.1333-1337, 1994b.

GREEN, D. H., LEWIS, G. D. Comparative detection
of enteric viruses in wastewaters, sediments and
oysters by reverse transcription PCR and cell culture.
Water Research, v.33, n.5, p.1195-11920, Apr., 1999.

GREGORI, F., BRANDAO, P. E., ROSALES, C. A.
R., CORTEZ, A., HEINEMANN, M. B,
RICHTZENHAIN, L., JEREZ, J. A. Desenvolvimento
de um método de ELISA para a detecgdo de rotavirus a
partir de material fecal. Arquivos do Instituto
Biolégico, Sao Paulo, v.67, n.2, p.191-194, 2000.

GREGORI, F. Ocorréncia e Caracterizacao de
Gendtipos de Rotavirus a Partir de Material Fecal
de Leitdes com Diarréia, Provenientes de Diversas
Propriedades de Criacdes de Suinos, Localizadas no
Estado de Sao Paulo. 2003. 139f. Tese (Doutorado em
Epidemiologia experimental aplicada as zoonoses) —

Universidade de Sio Paulo. Faculdade de medicina
veterinaria e zootecnia. Departamento de medicina
veterinaria preventiva e satide animal, 2003.

HERRING, A. J, INGLIS, N. F, OJH, C. K,
SNODGRASS, D. R, MENZIES, J D. Rapid
diagnosis of rotavirus infection by direct detection of
viral nucleic acid in silver-stained polyacrylamide gels.
Journal of Clinical Microbiology, v.16, n.3, p.473-
477, 1982.

LABELLE, R. L., GERBA, C. P. Influence of estuarine
sediment on virus survival under field conditions
Applied and Enviromental Microbiology, v.39, n.4,
p.749-755, Apr., 1980.

LAIRD, A. R, IBARRA, V., RUIZ-PALACIOS, G,
GUERRERO, M. L., GLASS, R. |., GENTSCH, J. R.
Unexpected detection of animal VP7 genes among
common rotavirus strains isolated from children in
Mexico. Applied and Enviromental Microbiology.
v.41, n.9, p.4400-4403, Set., 2003.

LIMSAWAT, S., OHGAKI, S. Fate of liberated viral
RNA in wastewater determined by PCR. Applied and
Enviromental Microbiology, v.63, n.7, p.2932-2933,
Jul., 1997.

MARTELLA, V., CIARLET, M., BASELGA, S,
ARISTA, S, ELIA, G, LORUSSO, E., BANYAI, K.,
TERIO, V., MADIO, A. RUGGERI, F. M,
FALCONE, E., CAMERO, M., DECARO, N
BUONAVOGLIA, C. Sequence Analysis of the VP7
and VP4 genes identifies a novel VP7 gene dlele of
porcine rotaviroses, sharing a common evolutionary
origin with human G2 rotaviruses. Virology, v.337, n.1,
p.111-123, 2005.

MASCARENHAS, J. D. A. P, LEITE, J. P. G, LIMA,
J. C., HEINEMANN, M. B., OLIVEIRA, D. S,
ARAUIJO, L. T., SOARES, L. S., GUSMAO, R. H. P,,
GABBAY, Y. B., LINHARES, A. C. Detection of
human rotavirus strain with VP4 and NSP4 genes of
porcine origin. Journal of Medical Virology, n.56,
p.524-532, 2007.

MEBUS, C. A., UNDERDAHL, N. R., RHODES, M.
B., TWIEHAUS, M. J. Further studies on neonatal calf
diarrhea virus. Proceedings, annual meeting of the
United States Animal Health Association, v.73, p.97-
99, 1969.

MEHNERT, D. U., STEWIEN, K. E. Detection and
distributionof rotavirus in raw sewage and creeks in
Sdo Paulo, Brazil. Applied Environmental
Microbiology, n.59, v.1, p.140-143, Jan., 1993.

MORES, N., SOBESTIANSKY, J, WENTZ, I,
ROWE, C. A., MARQUES, J. L. L. Rotavirose Suina:
Descri¢ao de um Surto. Concordia: Embrapa, 1987.

PAHO. Rotavira Gastroenteritis. In: Zoonoses and
Communicable Diseases Common to Man and

140



Animals: Chlamydioses, rickettsioses and viroses. 3 ed.

Washington: PAHO, 2001. p.286-294.

RZEZUTKA, A.; COOK, N. Survival of human enteric
viruses in the enviroment and food. Federation of

European Microbiological Society Microbiology
Reviews, n.28, p.441-453, Mar., 2004.

TANIGUCHI, K., URASAWA, S. Diversity in
rotavirus genomes. Seminars in Virology, v.6, p.123-
131, 1995.

WALTER, R. Umweltvirologie. Viena: Springer-
Verlag Wien New Y ork, 2001.

WHITE R. G.,, MEBUS C. A., TWIEHAUS M. J.
1970. Incidence of herds infected with a neonatal Calf
Diarrhea Virus (NCDV). Veterinary Medicine Small
Animal Clinics, v.65, n.5, p.487-490.

WHO. Guidelines for the Safe Use of Wastewater,
Excreta and Greywater. 3 ed. Genebra: World Health
Organization, 2006.

WHO. Waterborne Zoonoses: Identification, Causes
and Control. Genebra: World Health Organization,
2004.

WILSON, I. G. Inhibition and facilitation of nucleic
acid amplification.  Applied  Environmental
Microbiology, n.63, v.10, p.3741-3751, Oct., 1997.

WINIARCZYK, S, GRADZKI, Z. Comparison of
Polymerase Chain Reaction and Dot Hybridization
with  Enzyme-Linked Immunoassay, Virological
Examination and Polyacrylamide Gel Electrophoresis
for the Detection of Porcine Rotavirus in Faecal
Specimens. Journal of Veterinary Medicine, Series
B, v.46, n.9, p.623-634, Jan., 2002.

141



