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Sewage is a rich source of enteric viruses circulat-
ing in the community. !e level of culturable viruses in 
raw sewage may reach above 10,000 infectious units per 
litre. !e amount of enteric viruses is relatively stable in 
sewage, with a peak in the autumn/winter months. Sew-
age investigation by molecular and virological methods 
is applied to obtain information about the circulation 
of enteric viruses in the community, including viruses 
causing both symptomatic and asymptomatic infections 
(Fong and Lipp, 2005).

Enteric viruses may be detected by molecular meth-
ods, such as PCR. Although detection by PCR reveals 
the presence of viral RNA or DNA, it does not indi-
cate the infectivity of the virus. !e detected genomic 
material may be present in otherwise defective virus 
particles that are not able to bind to or replicate in the 
host cells. !e infectivity of viruses may be determined 
with the use of cell cultures, such as Caco-2 and RD 
(Terletskaia-Ladwig et al., 2008; Sedmak et al., 2005). 
It has been found that Caco-2 cells support growth 
of many viruses, including enteroviruses, rotavi-
ruses, adenoviruses, and astroviruses (Hamza 2011; 
Pinto et al., 1995).

Enteroviruses are members of the picornavirus 
family, a large and diverse group of small RNA viruses 
characterized by a single positive-strand genomic 
RNA. !ey a"ect millions of people worldwide each 
year, and are o#en found in the respiratory secretions 

and in stool of an infected person. Infection can result 
in a wide variety of symptoms ranging from mild res-
piratory illness (common cold), through hand, foot and 
mouth disease, acute hemorrhagic conjunctivitis, asep-
tic meningitis, myocarditis, to severe neonatal sepsis-
like disease and acute $accid paralysis. No single cell 
line currently in use supports the growth of all known 
enterovirus serotypes. Most of them have been propa-
gated in RD cells, but in practice isolation from clini-
cal and environmental material is o#en unsuccessful 
(Lipson et al., 1988; Witek et al., 2011).

!e present study was conducted to obtain infor-
mation about the utility of Caco-2 cell in the isolation 
of enteroviruses from sewage. Sewage samples from 
14 towns in Poland were examined for the presence of 
enteroviruses by molecular and cell culture methods. 

Samples of raw sewage were collected in 14 Polish 
towns in December 2011. A total of 14 sewage samples 
were processed according to the protocol described 
earlier (Zurbriggen et al., 2008). A volume of 200 µl of 
sewage concentrates were inoculated into tubes with 
RD and L20B cells according to WHO procedures. 
!e tubes were incubated at 37°C. Each specimen 
underwent three passages in RD and L20B cells. Sam-
ples demonstrating viral cytopathic e"ect (CPE) were 
identified by neutralization assay using specific antisera 
(National Institute of Public Health and the Environ-
ment, the Netherlands).
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!e work presented here demonstrates the utility of Caco-2 cells to detect enteroviruses in sewage. Viruses were concentrated by beef extract 
elution and organic $occulation prior to analysis by cell culture assays and RT-PCR. Enteroviruses were detected in all sewage samples, but 
only one sample was positive solely in RT-PCR assay. We proved that Caco-2 cells were more e"ective than RD and L20B cells in enterovirus 
isolation, depending on procedures used in the inoculation process.
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A volume of 200 µl of sewage concentrates were 
inoculated into tubes with Caco-2 cells, also. In the 
first variant, tubes with monolayer of Caco-2 cells in 
maintenance medium were inoculated with 200 μl of 
sewage sample; in the second variant, samples were 
incubated with 10 μg/ml trypsin for 1 h at 37°C and 
next were added onto tube cultures with maintenance 
medium; in the third variant, samples were inoculated 
onto tube cultures of Caco-2 cells without medium 
and incubated for 1 h at 37°C and a#er elimination of 
inoculum, 2 ml of maintenance medium were added 
to those tubes; and in the fourth variant, samples were 
incubated with 10 µg/ml trypsin for 1 h at 37°C. Next, 
a#er the elimination of the culture medium from the 
tube, 200 µl of those samples were inoculated onto tube 
cultures of Caco-2 cells and incubated for 1 h at 37°C. 
!en a#er elimination of inoculum, 2 ml of mainte-
nance medium with 0.5 µg/ml trypsin were added 
to those tubes. Cytopathic e"ects were read daily for 
7 days, and 3 passages were performed. All strains iso-
lated in Caco-2 cells were re-passaged in RD and L20B 

cells. Supernatant $uids were used for the RT-PCR 
detection to confirm the presence of the virus. Viral 
RNA was extracted from 140 µl of cell culture super-
natant or concentrated sewage using spin columns 
(Qiagen) following the manufacturer’s instructions. 
RT-PCR was carried out using Pan-Enterovirus prim-
ers for enterovirus detection based on WHO manual 
(WHO, 2004). !is set of primers produces a product 
of 114 bp and has been designed to detect and amplify 
a genome segment present at the 5’-UTR of the entero-
virus genomes. RT-PCR amplification was performed: 
one cycle of reverse transcription at 45°C for 20 min; 
one cycle denaturation at 94°C for 2 min; 30 cycles of 
denaturation at 94°C for 30 s; annealing at 55°C for 
30 s; elongation at 70°C for 30 s followed by one cycle 
of elongation at 70°C for 7 min. Reaction mixtures were 
then held at 4°C. Amplification products were analyzed 
in 2% agarose gels, GelRed stained and examined under 
an UV DNA transilluminator.

Out of the 14 sample sites analysed, 9 were positive 
for enteroviruses using Pan-enterovirus RT-PCR. Only 

Koszalin – + – – – – –
  PV-3

Bielsko Biała – – + – – + –
      ECHO11

Pilchowice – – + – + – –
     PV-3

Opole – – + + + + +
    ECHO11 ECHO11 ECHO11 ECHO11

Warka – – + – – – –

Radom + + – + + – –
 PV-3 PV-3  ECHO3 ECHO3

Piotrków Trybunalski – – + – – – +
       ECHO3

Mińsk Mazowiecki – – – – + + +
     ECHO11 ECHO3 ECHO3

Białystok – – + – + + +
     ECHO11 ECHO11 ECHO11

Jelenia Góra – – – – + + –
     ECHO3 ECHO3

Warszawa Południe – – + – + + +
     ECHO3 ECHO3 ECHO11

Gdynia – + + + + + –
  PV-3  CoxB ECHO3 ECHO11

Warszawa Czajka + + + – + – +
 PV-3 PV-3   ECHO3  ECHO11

Chełm – – – + + + –
    ECHO6 PV-2 PV-2

Total of positive results 2 4 9 4 10 8 6

Table I
Sewage samples analysis for enteroviruses

Town
Isolation in RD/L20B

RT-PCR
Pan-Entero

Isolation in Caco-2

RD L20B
Incubation (–)

Trypsin (–)
Incubation (–)

Trypsin (+)
Incubation (+)

Trypsin (–)
Incubation (+)

Trypsin (+)
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2 samples were positive for enteroviruses by isolation 
in RD cells, and 4 samples were positive for poliovirus 
(PV) by isolation in L20B cells. All strains isolated in 
L20B and RD were identified as PV-3 strains by neu-
tralization assay. Out of the 14 sample sites analysed, 
12 were positive for enteroviruses by isolation in Caco-2 
cells; that was confirmed by RT-PCR reaction and iso-
lated strains were identified by neutralization assay 
(Table I). Isolation was more e"ective when sewage 
samples were incubated with trypsin and trypsin was 
added to cell culture a#er inoculation. Furthermore, 
incubation of sewage samples on Caco-2 cell monolayer 
before medium addition increased positive isolation. 
!e best results were obtained when sewage samples 
were incubated with trypsin and added to Caco-2 cells 
in medium with trypsin (without incubation of sewage 
sample on cell monolayer). 34 strains of enteroviruses 
were isolated, 82,3% were isolated using Caco-2 cells 
(Table II). Strains isolated in Caco-2 were identified as 
di"erent enteroviruses: poliovirus, ECHO3, ECHO6, 
ECHO11 and Coxsackie B (CoxB), as opposed to only 
polio strains isolated in RD/L20B.

In this study, Caco-2 cell line was used to evaluate 
the occurrence of enteroviruses in sewage. Samples of 
sewage were collected from several locations around 
Poland. In addition to Caco-2 cells, samples were also 
evaluated by RT-PCR assay for the presence of entero-
viruses, and isolated in L20B and RD cells. By means 
of this technique, all sample sites analysed were posi-
tive for enteroviruses and only one was positive only in 
RT-PCR assay. No site was negative for enteroviruses by 
all techniques. Caco-2 cells were more e"ective in enter-
ovirus isolation than RD and L20B cells, and Caco-2 
cells were also more sensitive for enteroviruses detec-
tion than RT-PCR assay. !ose results clearly point to 
a critical issue in the interpretation of PCR findings: 
the presence of enteroviruses does not necessarily gen-

erate positive PCR results. Negative results are prob-
ably a consequence of the presence of compounds that 
inhibit RT or PCR. !e presence of inhibitory factors 
such as metals, humic acids, and other organic matter 
can inhibit RT-PCR reaction (Kopecka et al., 1993). 

It is interesting to note that in a study by Reigel 
(1985), di"erent viruses from clinical material repli-
cated in Caco-2 cells: enteroviruses (Coxsackie B1-B6, 
poliovirus types 1-3, most echoviruses and Coxsackie 
A viruses), adenoviruses, herpes simplex types 1 and 2, 
measles, respiratory syncytial, parain$uenza type  2 
viruses, and to a lesser extent rubella and mumps 
viruses. However, Caco-2 cells are not popular in envi-
ronmental analysis. Our study demonstrates that the 
procedure used in inoculation process is of crucial 
importance. !e addition of trypsin increases the per-
centage of positive isolation. !e proteolytic enzymes 
have been reported to have several e"ects on cell cul-
tures and virus cultivation. Enzyme treatment enhanced 
infectivity in most enteric viruses, for example in reo-
viruses (Rutjes et al., 2009). Trypsin treatment is not 
recommended in enterovirus isolation. !at enzyme 
can cleavage some enterovirus capsid protein, but usu-
ally does not a"ect infectivity. 

!e diversity of enteroviruses isolated in our study 
in Caco-2 cells demonstrates that sewage testing may 
be very useful in epidemiological study of enteroviruses 
circulating in the population. Sewage surveillance sys-
tem has been shown to be more sensitive than report-
ing of clinical cases of serious illness in a community 
(Sinclair et al., 2008; Bosch et al., 2008). !e occurrence 
of viruses data in raw sewage may provide an overview 
of the epidemiology of virus infections circulating in 
the community, and at the same time may reveal the 
occurrence of asymptomatic infections (Pinto et al., 
2007; Lodder et al., 2012). !e usefulness of community 
sewage testing to monitor the presence of polioviruses in 
the face of the circulation of wild type poliovirus in the 
community has been demonstrated in the Netherlands 
(Van der Avoort et al., 1995) and Finland (Poyry et al., 
1988), and similar testing of sewage may be useful for 
the monitoring of echoviruses and Coxsackie viruses.

In conclusion, using Caco-2 cells for virus isola-
tion in sewage seems to be very promising for envi-
ronmental surveillance of enterovirus circulation and 
epidemio logy, with all the significant e"ects that this 
may have on public health. Finally, an e"ective means 
of environmental surveillance should facilitate the 
monitoring of potential sources for new recombinant 
enteroviruses and the identification of newly discovered 
or previously unidentified strains.
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L20B   4  11,8

RD   2   5,9

Caco-2  28  82,3

 Incubation (–)
 Trypsin (–)  4  11,8

 Incubation (–)
 Trypsin (+) 10  29,4

 Incubation (+)
 Trypsin (–)  8  23,5

 Incubation (+)
 Trypsin (+)  6  17,6

Total  34 100

Table II
Isolation of enteroviruses in various cell types

Cell type
No. of enterovirus

isolates
% total enterovirus

isolates
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