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Trypsin-Treated Ma-104: A Sensitive Cell Line for Isolating Enteric
Viruses from Environmental Samples
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During a 1-year survey of enteroviruses in wastewater samples from the Lorraine area, three widely used
continuous monkey kidney cell lines were tested: BGM, Vero, and trypsin-treated Ma-104. Decontaminated
samples from secondary wastewater treatment plants (influent or effluent) were directly inoculated onto
cells, and viruses were revealed after two passages with a liquid medium technique. Out of the total
percentage of positive isolates with the three systems (32.7) 24.7% were found with Ma-104, 14.1% with
BGM, and only 1.7% with Vero cells. Poliovirus was recovered more frequently with Ma-104 (12.3%) than
with BGM (1.7%). Reovirus (3.5%) and echovirus (1.7%) were only found with Ma-104 cells; however,
BGM cells allowed the isolation of a few group B coxsackieviruses (5.9%). It must be pointed out that 7.0%
of samples with an unconfirmed cytopathic effect were found with BGM against 3.4% found with Ma-104,
but they did not have significant differences. Because of its large spectrum of sensitivity, easy maintenance,
and resistance to toxic effects, trypsin-treated Ma-104 may be recommended in conjunction with other cell
lines for the detection of viruses from environmental samples, especially with the use of a liquid method.

The wide diffusion of viruses in the environment is well
known from many studies, but their amount varies greatly
from one country to another (4, 7, 9, 13-15, 17, 20) and from
one geographic area to another in the same country (1, 5, 10,
12). Furthermore, qualitative evaluation often shows that the
viruses isolated are enteroviruses, some species of which,
e.g., reoviruses, are rarely recovered, in contrast to poliovi-
ruses, coxsackieviruses, and echoviruses, which are most
commonly isolated. Several reasons may be evoked to
explain these results: (i) a limited number of cell lines are
tested because of the toxic effects of the samples; (ii) cell
sensitivity for the spectrum of propagated viruses varies (16,
19); (iii) isolation attempts with plaque assays or tube
cultures with a fluid medium show that each has its own
limitations (21, 22). All of these account for the restricted
spectrum of viruses observed in the majority of studies,
other than a few investigations (9, 17, 19), for which the cell
systems tested are sometimes difficult to maintain routinely
in the laboratory. This study reports the results from a 1-year
survey of enteroviruses in wastewater samples from the
Lorraine area, after direct inoculation onto three types of
continuous monkey kidney cell lines.

MATERIALS AND METHODS
Samples examined. A total of 113 wastewater samples

analyzed were taken from wastewater plants which used an
activated sludge treatment method. The samples were half
from raw sewage and half from secondary wastewater efflu-
ent. From 1 liter of water, 40 ml was treated by a method
described elsewhere (3) and decontaminated with 1 ml of an
antibiotic mixture ([per ml] 100,000 U of sodium penicillin,
Sarbach Laboratories; 0.1 mg of streptomycin sulfate, Spe-
cia Laboratories; 0.05 mg of neomycin sulfate, Roussel-
Uclaf Laboratories) and 1 ml of amphotericin B (5 ,ug/ml;
Squibb Laboratories). After this treatment, the samples
were stored at -20°C and then inoculated onto the cell
cultures for about 3 days.
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Cell cultures. In this study, three monkey kidney cell lines
were tested with a liquid medium technique: (i) BGM cells,
an African green monkey kidney cell line obtained from
Flow Laboratories, Inc., McLean, Va., were used between
passages 74 and 85; (ii) Vero cells, an African green embry-
onic monkey kidney cell line normally maintained in our
laboratory, were used between passages 89 and 112; (iii) Ma-
104 cells, an African rhesus monkey kidney cell line, ob-
tained from I.N.R.A., Plaisir Grignon, France, were used at
passage levels of 60 to 92. BGM and Vero cells were
cultivated in Eagle minimum essential medium (GIBCO
Laboratories, Grand Island, N.Y.) supplemented with 5%
glutamine (Difco Laboratories, Detroit, Mich.) at 0.1%,
NaHCO3 at 1.12 mg/liter, 0.03 mM HEPES (N-2-hydrox-
yethylpiperazine-N'-2-ethanesulfonic acid), and 10% heat-
inactivated calf serum (Seromed Laboratories) previously
tested for the presence of neutralizing antibodies. The serum
was replaced by 10% heat-inactivated fetal calf serum for
Ma-104 cell cultures which grew well under these conditions.

Inoculation of cells. After elimination of the culture medi-
um, 2 ml of each sample was inoculated in trinlicate onto the
confluent monolayer of each cell line (25-cm culture flasks;
Falcon Plastics, Oxnard, Calif.). At the same time, the Ma-
104 cells were treated with 0.1 ml of trypsin at 100 ,ug/ml
(Difco Laboratories). After incubation for 2 h at 37°C and
elimination of inoculum, each bottle received 7 ml of Eagle
minimum essential medium (GIBCO) with 2% calf serum or
fetal calf serum. Cytopathic effects were read daily for 7
days, and two blind passages were performed.

Isolation and identification of viruses. For isolation, the
plaque method was performed, using Eagle minimum essen-
tial medium with 2% fetal calf serum and 1% of a 1% solution
of MgCl2, 1.5% of a 1:1000 dilution of neutral red, and 1.8%
of Difco agar as the overlay medium. All plaque-forming
units obtained were inoculated onto BGM or Ma-104 cells
grown to monolayers in plastic bottles. The viruses were
identified with the microneutralization test by using flat-
bottomed wells of tissue culture microtiter plates and the
enterovirus immune serum pools of K. A. Lim and M.
Benyesh-Melnick, obtained from National Institutes of
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TABLE 1. Virus types recovered by various host cell systems
from wastewater samples

No. of No. of positive specimens Total
Virus' positive from: virus

specimens Ma-104 BGM Vero types

P 1 15 14 1 1 16
P3 1 0 1 0 1
CB 2 2 2 1 0 3
CB 5 5 2 5 0 7
Echo 1 2 2 0 0 2
Reo 2 4 4 0 0 4
Unidentified 8 4 8 1

a p, Poliovirus; CB, coxsackievirus B; Echo, echovirus; Reo,
reovirus.

Health, Bethesda, Md. Reoviruses were identified with
hemalum eosin staining and typed by using the hemaggluti-
nation inhibition test against antisera.

RESULTS
Sample toxicity to cell cultures. The toxic effect of the

samples varied among the three cell lines, but the difference
was not significant (P > 5%) (7% in Vero cells, 2% in BGM
and Ma-104 cells). The use of culture medium containing 2%
serum did not inhibit this toxicity.
Recovery of viruses from wastewater and distribution in

various host cell systems. Of the 113 wastewater samples
inoculated in parallel onto the three culture systems, 37
yielded virus-like cytopathic effects, i.e., 32.7%. Of these 37
positive samples, a single virus type was isolated from 24,
two virus types were isolated from 5, and no virus type was
identified for 8. Of the 113 total samples, 16 (14.1%) were
from BGM cells, 28 (24.7%) were from Ma-104 cells, and 2
(1.7%) were from Vero cells. Vero cells were not at all
sensitive for recovery of virus from environmental samples.
There was no difference between trypsin-treated or untreat-
ed BGM or Vero cells for laboratory strain poliovirus type 1;
however, trypsin-treated Ma-104 cells yielded isolates more
frequently than BGM cells. The statistical analysis shows a
significant difference (P < 0.0001).
Table 1 shows the virus types isolated from wastewater

samples in each of the host cell culture systems. No poliovi-
rus type 2 was isolated, and poliovirus type 1 was more
frequently isolated than poliovirus type 3. Reovirus type 2
was identified only with Ma-104 cells. The unidentified
viruses were as frequent with BGM (7%) as with Ma-104
(3.4%) (P > 5%). Furthermore, there was no difference for
isolating group B coxsackieviruses with BGM (4.9%) or Ma-
104 (2.6%) (P > 5%).

TABLE 2. Virus isolated simultaneously from positive samples
with the three cell systems

Cell Virus isolated from samplea:
system 21 24 26 65 75 81 83

Ma-104 + + + + + + +
P 1 UT CB 5 CB 2 UI P 1 CB 5

BGM - + + + + + +
UT CB 5 CB 2 UT P 1 CB 5

Vero +
P 1

a Ul, Unidentified; CB, coxsackievirus B; P, poliovirus.

Virus isolated simultaneously from samples. Table 2 shows
the samples for which a virus was revealed with at least two
cell systems. Only one sample yielded a virus in Vero and
Ma-104 cells, and six yielded a virus in Ma-104 and BGM
cells, two of which were unidentified. No virus from one
sample was revealed in all three systems.

DISCUSSION
The BGM line of continuous African green monkey kidney

cells established by Barron et al. (2) and now widely used
has been highly recommended by some workers, i.e., Dahl-
ing et al. (6), because of its high sensitivity for the recovery
of viruses from water. Thus, it was tested for the isolation of
human enteric viruses from sewage, sediment, and shellfish
samples (8, 11). However, other workers have shown BGM
cells to be unsatisfactory for isolating viruses. For Schmidt
et al. (18, 19), BGM cells were more sensitive only for
poliovirus and group B coxsackievirus. Ridinger et al. (16)
showed that these cells are inferior to other monkey kidney
cell lines for isolating reoviruses from sewage. The large
number of samples with an unconfirmed cytopathic effect
found with BGM (7%) underlines the problem of false
plaques observed by Schmidt et al. (19). The use of Ma-104
in the present study at passage levels 60 to 92 allowed us to
observe a different spectrum of enteric viruses than did
BGM cells. Sobsey et al. (23) reported similar results.
However, our study has not confirmed that the number of
virus isolates from samples is lower on Ma-104 cells than on
BGM cells. Furthermore, with Ma-104 cells we isolated
mixtures of viruses; this simultaneous isolation of different
viruses is less frequent with BGM. The percentage of
reovirus specimens obtained is equal to that found by Irving
and Smith (9) after a 7- to 9-day incubation with an effluent
from an activated sludge purification plant. On the other
hand, our isolation rate is much lower than that found with
BSC 1 by Sattar and Westwood (17).
The Vero cell line was included in this study because it

supports the replication of certain enteroviruses contained in
fecal samples. It is clearly unsatisfactory for the recovery of
viruses from environmental samples, as has been suggested
elsewhere by Charrier et al. (5).

It thus appears that, because of their larger sensitivity
spectrum, easy maintenance, and resistance to toxic effects,
trypsin-treated Ma-104 cells may be recommended in con-
junction with other cell lines for the detection of viruses from
environmental samples.
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