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Abstract 
Background: Generally, sewage exposed water could be potentially contaminated with enteroviruses. For this reason, en-
terovirus isolation from sewage specimens is one of the most sensitive indicators for virus circulation in the population. We 
evaluated the ICC-RT-PCR and cell culture methods for detection of enteroviruses in Tehran sewage system.  
Methods: This research utilized 63 specimens provided through Grab sample method to concentrate by two-phase method 
and cultured in RD and HEp-2 cells, respectively. All specimens then were inoculated using sensitive cell cultures of RD 
and HEp-2. After 24 hours incubation at 36˚C by means of Pan E.V primers and afterwards Pan P.V Primers along with spe-
cific sabin primers, RT-PCR was carried out on the cell culture specimens. Data were analyzed using SPSS Software (SPSS 
for and ANOVA test as well as Chi-square test. 
Results: Out of 63 collected specimens, enteroviruses were isolated from 33 specimens (52.38%) and 41(65.01%) specimens 
which utilized cell-culture & ICC-RT-PCR methods respectively. Polioviruses were also isolated from 6 specimens.  
Conclusions: Statistical analysis indicated that there was a significant relationship (0.05 level) between cell culture and ICC-RT-
PCR methods to isolate enteroviruses. Further the sensitivity of ICC-RT-PCR method to detect enteroviruses less than 0.01 
TCID50 was evaluated, which indicated that this method is acceptable and sensitive enough to detect enteroviruses in sewage. 
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Introduction 
Enteroviruses are among the Picornaviridae fam-
ily and include polioviruses, coxcackieviruses A, 
B, echoviruses and new enteroviruses 68 to 71 
(1). Enterovirus infection has also been associated 
with such chronic diseases as dilated cardiomy-
opathy and chronic myocarditis chronic fatigue 
syndrome, post poliomyelitis syndrome, insulin 
dependent diabetes mellitus and motor neuron 
disease (2). Enteroviruses can shed in feces for 
several weeks, so many excrete viruses can re-
main infectious for a long time in environment. 
Therefore, by detecting enteroviruses in environ-
mental specimens and sewage, we can under-
stand this virus circulation and the approximate 
ratio of contaminated persons in society (3). Hu-
man enteric viruses associated with waterborne 
illness include, enteroviruses, astroviruses, hepati-
tis A virus, hepatitis E virus, norwalk-like virus 

(NLVs), sapporo-like virus (SLVs), parvoviruses, 
rotaviruses and small round viruses (4, 5). Tra-
ditionally, enteroviruses have been isolated by cell 
cultures such as RD, HEp-2, L20B, VERO, BGM, 
Hela, Skco-1 and HT-29 (6). Although most en-
teric viruses can multiply on cell culture lines, but 
some of enteric viruses such as hepatitis A, nor-
walk viruses, rotaviruses and coxackievirus group 
A in cell culture do not easily create the cyto-
pathic effects (CPE) (4, 7). In addition, no sen-
sitive cell line for isolation of all identified sero-
types of enteroviruses has been discovered yet, 
therefore direct detection of enteroviruses by mo-
lecular methods such as RT-PCR has been no-
ticed by environmental virologists. However, due 
to existence of organic inhibitors in sewage, using 
this method give rise to many problems (2, 4, 
8). Scientists have used Guanidinium isothiocy-
anate (GIT), Phenol-chloroform, Nucleic acid ad-
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sorption and Lyophilization methods to remove 
inhibitors in order to detect enteroviruses in sew-
age system (9-12). In 1996, for the first time, 
Reynolds et al. proposed using the integrated 
cell culture-RT-PCR (ICC-RT-PCR) method to 
detect enteroviruses in sewage specimens during 
24 h (13). Then other scholars used the ICC-
RT-PCR method to detect enteroviruses, astero-
viruses, adenoviruses and rotaviruses in surface 
water, river water, marine water and sewage (7, 
14-17). In the previous studies, we used RD, 
L20B and HEp-2 cell lines and also two differ-
ent concentrated methods, Pellet & Two-Phase 
and different methods to remove organic inhibitors 
for environmental surveillance of enteroviruses and 
polioviruses in Tehran and Sistan & Balooch-
estan sewage and surface water   (18-21) . 
The aim of this study was to compare ICC-RT-
PCR and cell culture methods for detection of 
enteroviruses in sewage system of Tehran. 
 
Material and Methods  
 
Sampling and Treatment 
Sixty three grab samples were collected approxi-
mately each month over a 1 yr period (December 
2002 to November 2003) from the 6 main  inlet 
of wastewater treatment plants in Tehran (Ghei-
tariea, 11; Sahebgharaniea, 11; Zargandeh, 5; Ek-
batan, 11; Mahalati, 12 and Shoosh, 13 speci-
mens). Sewage waters (1L) arrived in the National 
Poliovirus Laboratory (NPL) within a few hours 
and then concentrated about 100- fold by a modi-
fication of Two- Phase method (22). 
 
Cell cultures and Microneutralization assays 
For isolation of polioviruses and enteroviruses, 
we used RD and HEp-2 cell lines. The amount 
of sewage inoculation for each cell culture tubes 
was 200 lµ , and each specimen was inoculated 
to 2 cell culture tubes. After 7 d of incubation at 
36 ˚C all tubes were studied using Inverted mi-
croscope for the appearance CPE and were iden-
tified them by microneutralization test accord-
ing to standard protocols recommended by the 
WHO with pooled horse antisera against the most 

frequently isolated ECHO and Coxackieviruses 
have been prepared at the National Institute of 
Public Health and the Environment (RIVM), Bilt-
hoven. Each box of RIVM enteroviruses typing 
antisera contains anti-enteroviruses pool A, B, C, 
D, E, F and G, and anti- Coxackie B virus pool 
and a trivalent anti-poliovirus pool (23). 
 
ICC-RT-PCR 
To apply this method at first, RD, HEp-2 cell 
lines for detection of enteroviruses were prepared 
and then 200 µl of each sewage specimen was 
inoculated to 4 cell culture tubes and was incu-
bated at 36 ˚C for 24 h. Then RD and HEp-2 cell 
lines were mixed separately and after freeze & 
thawing they were centrifuged for 1 min in 6200 g 
and 5µl of the supernatant was isolated for RT-
PCR test. 
At first to caring out RT-PCR, specific primers 
including pan E.V, pan P.V and Sabin (I, II, III) 
for protected 5' end of enteroviruses were de-
signed (23-25). Then, a mixture of A buffer (33.5 
ml Tris- Hcl 1M, 8.5ml Sulfate ammonium 1M, 
6ml EDTA 0.5M, 8ml Distilled water), B buffer 
[25µl A buffer,5µl dNTPs, 5µl pan E.V primer 
(Reverse), 5 µl Pan E.V primer (Forward), 150 µl 
Distilled water] and C buffer (13.75 Mgcl2 0.2 M, 
0.7 µl DTT (1M), 6.9 µl RNase inhibitor, 3.6 µl 
AMV reverse transcriptase, 13.7 µl Taq DNA po-
lymerase, 236.3 µl Distilled water) were  prepared 
and kept at -20 ˚C. Afterwards, 19 µl of B buffer 
containing pan EV primer with 5 µl of cell culture 
supernatant were added to all tubes, which then 
were placed in Thermocycler (Biometric) at 95 ˚C 
for 5 min. Then, after cooling (for 5 min on the ice) 
5 µl of C buffer added to each tube. Finally, by 
means of Thermocycler RT-PCR was carried 
out according to the following conditions:  
I) Reaction to RT enzyme for 20 min at 42 ˚C 
and which was inactivated at 95 ˚C for 3 min. 
II) PCR with Pan E.V primers under the following 
conditions: 95 ˚C, 45 s; 55 ˚C, 45 s; 70 ˚C, 45 s 
(for 36 cycles) and final extension stage for 5 
min in 70 ˚C. 
In addition, positive specimens with Pan E.V prim-
ers were assessed by Pan P.V specific primers. 
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Therefore, 19µl of B buffer containing Pan P.V 
primers along with 5µl of cell culture supernatant 
added to all tubes, which then placed in Thermo-
cycler for 5 min at 95 ˚C. Then, after cooling the 
tubes on the ice, 5µl of the C buffer was added. 
Finally, RT-PCR was carried out under the follow-
ing conditions: 
I) Reaction to RT Enzyme, for 20 min at 42 ˚C, 
which was made, inactivated at 95 ˚C for 3min. 
II) PCR with Pan P.V degenerate primers within 
this condition: 95 ˚C, 45 s; 42 ˚C, 45 s; 60 ˚C, 45 s 
(for 30 cycles). 
Afterwards for Intratypical differentiation (ITD), 
between wild and vaccine viruses, all detected po-
lioviruses, were studied with Sabin specific primers. 
Finally, 10µL of PCR product was transferred 
to the 2% gel containing Ethidium bromide which 
after electrophoresis, was investigated by UV 
transilluminator.  
 
Statistical analysis 
The data were then entered and analyzed using 
SPSS Software (SPSS for windows, 12 pro-
gram) and ANOVA test and then Chi-square 
test. P-values less than 0.05 were taken to indi-
cate statistical significance. 
 
Results 
In cell culture method out of 63 studied specimens 
in RD cell line from 28 specimens (44.44%) and 
in 36 specimens (57.14%) with ICC-RT-PCR 

method, enteroviruses have been detected. In ad-
dition, in HEp-2 cell line, using cell culture me-
thod from all studied specimens, in 14 specimens 
(22.22%) and from 29 specimens (46.01%) using 
ICC-RT-PCR method enteroviruses were detected. 
However, without taking into account the specific 
cell line, in ICC-RT-PCR method from 41 speci-
mens (65.07%) and from 33 specimens (52.38%) 
with cell culture method, enteroviruses were iso-
lated. The largest amount of enteroviruses was 
detected from Mahalati refinery with ICC-RT-
PCR method and in cell culture method belonged 
to Shoosh refinery (Table 1). Non- typable entero-
viruses (NTEVs), E11, E25 and E13 were identi-
fied more frequently than other enteroviruses re-
spectively with cell culture method. Also, with cell 
culture (15.87%) and in ICC-RT-PCR method 
(9.52%) polioviruses detected by means of sabin 
primers (Table 2). Out of all isolated polioviruses 
(Sabin Like=SL), one P1, one P2 and four P3 were 
detected. It was found that all of polioviruses re-
lated to vaccine strain (SL) and no cases depended 
on wild or vaccine derived polioviruses (VDPVs). 
As a whole there was a significant correlation 
(0.05 level) between the number of isolated en-
teroviruses from ICC-RT-PCR and cell culture 
in RD cell line (P= 0.01). Having applied SPSS 
12 and ANOVA test and then Chi-square test to 
study the results of  the study, it was found out that 
there is significant correlation (0.05 level) between  
ICC-RT-PCR and cell culture method (P= 0.004). 

 
Table 1:  Comparison of ICC-RT-PCR and Cell Culture methods in studied sites for detection of Enteroviruses 

 

 
 

Methods Cell Culture 
(RD) 

Cell Culture     
(HEp-2) 

Cell 
Culture 
(Total) 

ICC-RT-PCR
(RD) 

ICC-RT-PCR 
(HEp-2) 

 

ICC-RT-PCR 
(Total) 

 
Sampling site n (%) n (%) n (%) n (%) n (%) n (%) 

Gheitarea 3 (4.76) 0 (0) 3 (4.76) 5 (7.93) 4 (6.34) 6 (9.52) 
Zargandeh 2 (3.17) 2 (3.17) 3 (4.76) 4 (6.34) 2 (3.17) 4 (6.34) 
Sahebgharanea 2 (3.17) 2 (3.17) 3 (4.76) 6 (9.52) 4 (6.34) 7 (11.11) 
Ekbatan 6 (9.52) 2 (3.17) 7 (11.11) 5 (7.93) 7 (11.11) 7 (11.11) 
Shoosh 9 (14.28) 5 (7.93) 9 (14.28) 7 (11.11) 7 (11.11) 8 (12.69) 
Mahalati 6 (9.52) 3 (4.76) 8 (12.69) 9 (14.28) 5 (7.93) 9 (14.28) 
Total 28 (44.44) 14 (22.22) 33 (52.38) 36 (57.14) 29 (46.03) 41 (65.07) 
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Table 2:  Comparison of ICC-RT-PCR and Cell Culture methods in HEp-2 and RD Cell lines for detection of Enteroviruses 
 

Total HEp-2 RD Cell line 

ICC-RT-PCR Cell Culture ICC-RT-PCR Cell Culture ICC-RT-PCR Cell Culture Methods 

n (%) n (%) n (%) Viruses 

6(9.52) 10(15.87) 1(1.58) 7(11.11) 5(7.93) 9(14.28) Poliovirus 

34(53.96) 27(42.85) 25(39.68) 7(11.11) 30(47.61) 25(39.68) N.P.E.V 

41(65.07) 33(52.38) 29(46.01) 14(22.22) 36(57.14) 28(44.44) Enteroviruses 

 
Discussion  
The cell culture standard method for detection 
of human pathogenic enteric viruses is time 
consuming and costly and it takes one month to 
confirm positive results and due to the existence 
of organic and inorganic inhibitors in sewage 
using this method faces has a lot of problems 
too. Nevertheless, owing to insufficient volume of 
reaction and natural inhibitors in sewage con-
centrated specimens direct RT-PCR method does 
not have necessary sensitivity for isolation of en-
teric viruses. In addition, this method cannot de-
termine viral infectivity. Margolin et al. (26) and 
Wyn-Jones et al. (27) compared three methods, 
including ICC-RT-PCR, cell culture and RT-PCR 
for detection of enteroviruses, hepatitis A, rota-
viruses in water and sewage specimens. They found 
that after 5 to 7 d of incubation the ICC-RT-PCR 
method was the best method for isolation of en-
teroviruses. Reynolds et al. (28) used the ICC-
RT-PCR for detection of enteroviruses and hepa-
tovirus in environmental specimens. By using of  
ICC-RT-PCR method and inoculation of > 10PFU 
enteroviruses to the cell culture they found  posi-
tive results of PCR after 5 h in 4/5 of studied flasks 
and after 10 h incubation in all of the flasks. In 
addition, after 20 and 25 h, 1PFU and less than 
1PFU enteroviruses were detected with ICC-RT-
PCR method respectively. Besides, Cha-pron et al. 
(14) used integrated cell culture-nested PCR for 
detection of adenovirus type 40 & 41, astrovi-
ruses and enteroviruses in surface water samples. 
By the way, they incubated infected flasks for 5 d 
at 37 ˚C. Likewise, Lee et al. (29, 30) assessed 

cell culture- PCR assay based on A549 and BGMK 
cell lines to monitor infectious adenovirus, ente-
roviruses, reoviruses in water treatment plant sy-
stems and river water. 
The aim of this study was to assess of ICC-RT-
PCR method reliability for special and rapid de-
tection of cytopathogenic and noncytopathogenic 
viruses in sewage specimens and a comparison with 
cell culture results. In this study after concentration 
of specimens with Two-Phase method, RD and 
HEp-2 lines were used. Our experience demon-
strated that the sensitivity of RD was more than 
the HEp-2 cell line, but due to the isolation of 
different ranges of enteroviruses in each of these 
two cell lines, utilization of these two cell lines 
simultaneously for increasing the sensitivity of 
ICC-RT-PCR method was proposed. Rate of 
polio detection by ICC-RT-PCR was lower than 
the rate by cell culture, which can be justified on 
the low multiplicity of polioviruses at consid-
ered time (24 h) in ICC-RT-PCR methods. The 
sensitivity of ICC-RT-PCR method for detection 
of enteroviruses less than 0.01 TCID50 was 
invested too. It indicates the acceptability and 
sensitivity of this method for detection of entero-
viruses in sewage. Detection of non- polio en-
teroviruses (NPEVs) in sewage specimens in the 
final stage of poliomyelitis eradication is the cri-
terion of success for poliovirus environmental sur-
veillance. According to WHO guidelines for en-
vironmental surveillance of polioviruses circula-
tion in 2003 at least 30% of concentrated sew-
age from grab Samples should reveal NPEVs 
(31). In this research, out of all studied specimens 
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with using of Pan E.V primers in ICC-RT-PCR 
method from 41 specimens, enteroviruses were 
isolated, and after the assessment with Pan P.V 
primers in 6 specimens, polioviruses were isolated.  
At the end, with Sabin primers it was found that 
all isolated polioviruses were related to vaccine 
strain. This finding can also be another piece of 
evidence to confirm eradication of wild poliovi-
ruses and a suitable immune coverage in Iran.  
In conclusion, because of higher sensitivity and ne-
cessary efficiency needed to remove organic inhibi-
tors, the ICC-RT-PCR method can be a suitable 
way for environmental surveillance and epidemi-
ological assessment of enteroviruses disease.  
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