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THE DEVELOPMENT OF AN ENTEROCOCCAL PHAGE

ASSAY FOR WATER SAMPLES
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ABSTRACT: Preliminary work was carried out for the development of a rapid method
for the detection and enumeration of enterococcal phages in natural water. Eight
enterococcal phages were isolated after amplification from water obtained from 2 lo-
cal ponds. These were plaque-purified and used to test the phage susceptibility of 34
strains of enterococci isolated from pristine and polluted waters. Eight strains with the
widest phage susceptibility were used as hosts in a double agar layer (DAL) and a
single agar layer (SAL) assay for phage enumeration without pre-assay amplification.
No phages were obtained with the DAL method with ali 8 hosts. Using the SAL method,

2 phages were obtained with 1 of the 2 hosts

used. Phage isolation was not improved

by incubation at 44.5°C. For rapid quantitative testing, the sensitivity of the assays has
to be increased to enable phage isolation without the need for prior amplification.

(JUMMEC 1996 1(1):25-28)
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Introduction

Standard tests for faecal contamination of water are
based on the enumeration of coliform bacteria which
are normally found in high concentrations in the faeces
of all warm-blocded animals. However, it has been shown
by a number of researchers that these bacteria may
not be suitable indicators for assessing the hygienic
quality of tropical waters as they have been found in
significant numbers in water, soil and on epiphytic plants
in tropical pristine environments(|,2). Their replication
in the natural environment has been postulated(3,4) and
if this were true, their presence in water would not
necessarily indicate faecal contamination. In addition,
faecal coliforms are less resistant to disinfection than
some human pathogens like human enteric viruses which
have been recovered from waters considered safe by
faecal coliform tests(5).

In the search for better indicator organisms, Clostridium
welchii, faecal streptococci and coliphages were found
to be the most promising. C welchii correlated better
than faecaf coliforms or faecal streptococei with waste-
water contamination and behaved more like viruses in
its resistance to chlorination and environmental fac-
tors(l). Coliphages appeared to be good indicators of
long-term enterovirus contamination of water even in
the presence of chemical poliution{6). Faecal strepto-
cocct (>80% Enterococcus faecalisy which are more nu-
merous in the animal gut than in the human intestine,
have been used mostly to obtain the faecal coliform

(FC):faecal streprococci (FS) ratio. In appropriate situa-
tions,a FC:FS ratio of >4 is strong evidence that contami-
nation is by human waste whereas a ratio of <0.7 indi-
cates pollution from livestock or poultry waste, Faecal
streptococc] have not been as extensively studied as
faecal coliforms. They will not grow in water but their
die-off rates in the environment are generally unknown
although some species show remarkable tolerance to
unfavourable conditions. Much less is known about the
phages that lysogenize these streptococc and their dis-
tribution in the natural environment.

This paper describes some preliminary work on the
detection and enumeration of faecal streptococcal ph-
ages conducted with the ajm of developing an assay for
the study of the ecology of these phages and their po-
tential use as an afternative indicator of faecal contami-
nation of water. Since faecal streptococei are mostly
enterococci, the latter terminology is used throughout
this paper for simplicity.

Materials and Methods

Isolation of enterococcal hosts

Water samples collected from the Endau-Rompin wa-
tershed were filtered at the sampling paint with bacte-
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riological field monitors (Millipore) and incubated up
to 4 days at ambient temperatures on M-VFC holding
medium before being transferred onte KF Streptococ-
cus agar (Difco) for incubation at 44.5°C. Water sam-
ples from Taman Jaya and the University of Malaya were
transported back to the Department of Medical Micro-
biology in ice and examined within 4 hours of collec-
tion by membrane filtration using 0.45mm membranes
{Millipore) and KF Streptococcus medium for incuba-
tion. Typical enterococcal colonies on KF agar were
identified by the APl 20 STREP system (Bio Méreux,
France).

Isolation and enumeration of
enterococcal phages

Amplification of phages in water samples was carried
out by adding ! Oml of Enterococcus host to 10ml of con-
centrated {10x) basal broth and 90ml of water sample.
The mixture was incubated overnight at 35°C with pe-
riodic shaking. At the end of incubation 0.1ml of the
mixture was removed for titration,

Two phage assays were used, the American Public Health
Association (APHA 919C) single agar
layer (SAL) assay(7)and the DAL as-

phage plagues were counted.

Phage susceptibility of enterococcal
hosts

Phages were isolated from plaques and grown up in
flasks with host suspensions at log phase for 24 hours.
Bacterial ceils and debri were then remaoved by cen-
trifugation and the phage preparaticn treated with chlo-
roform to kill remaining bacteria. The phages were used
to screen Enterococcus phage susceptibility by swabbing
concentrated phage preparations (10° to |{7) onto agar
plates and then streaking Enterococcus strains across the
swabbed area. After incubation, an area of no growth
was evident in the streaks with strains that were sus-
ceptible to the phage on the agar plate.

Results

Thirty-four strains of enterococci were isolated from
the environment. Twenty-four were from pristine wa-
ters within an equatorial rain forest watershed (Endau-
Rompin, Pahang), 7 from 3 sites within the same water-
shed that received light human faecal contamination, 2

from sewage-contaminated Taman Jaya rec-

say which was a modification of a
double agar layer method for bacte-

Table . Susceptibility of 34 strains
of enterococci to a panei of 8 phages

reational lake in Petaling Jaya and § from a
sewage pond in Ottawa, Canada. These in-

riophage enumeration(8) . The me- Phage

dium used for the SAL method con-

% Enterococcus
strains susceptible

cluded 22 E faecalis, 4 S bovis, 2 E avium,3 £
foecium and 3 which were not identified to

sisted of trypticase soy broth to 4A
which was added per litre, calcium

chioride dihydrate (0.63g) sodium 1
aride (0.43g) and agar (| 5g). The basal SA
medium for the DAL assay was made g
up per litre with tryptose (10.0g), A

Lablemco (3.0g), sodium chloride
{5.0g), sodium azide (0.2g) and cal- 68
cium chloride dihydrate (0.3g). Agar

species level.
219
168 Initially, 7 of these 34 strains of enterococeci
were randomly selected as preliminary
40.6 hosts to test water samples obtained from
33 the Taman Jaya recreational lake and the
24 University of Malaya pond. Phage amplifi-

cation and detection was successful with 3
515 of the preliminary hosts (Ci0-10, F100-7,
H[00-8) and a total of 8 phages were iso-

6C 6.7
plates were prepared from this basal ¢ lated and plaque purified (4A, 4B, 5A, 58,
broth with 1.5% agar, while the soft 6D 758 6A, 6B, 6C, 6D).
; d with 0.8%
:2:; overtay was preparecwl 0 These 8 phages were then used to screen ali the 34

In both assays, a Jog phase culture of Enterococeus host
was prepared by diluting an overnight culture 100-fold
in fresh basal broth and incubating at 35°C for 5 hours.
In the DAL assay, 3 ml of the overlay assay medium were
melted and allowed to cool to 50°C. To this was added
| mi of water sample, | m! of the host suspension and
0.1ml of a 0.4% triphenyltetrazolium chloride (TPTZ)
solution in ethanol. The mixture was then poured over
the prepared agar plates, allowed to set and incubated
at 35°C.

In the SAL assay, Smi of water sample, | mi of host
suspension and 0.1ml of the 0.4% TPTZ solution were
added to the basal medium. After overnight incubation,
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Enterococcus isolates to determine their phage suscep-
tibility pattern (Table 1). OCnly | Enterococcus isolate
{(an E. faecalis) was not susceptible to any of the 8 panel
phages. The majority (70%) were susceptible to 2-4 of
the phages. All 8 phages caused lytic infection in more
than | strain of Enterococcus and each exhibited a differ-
ent host range which was cross-species except for ph-
ages 4A and 4B which appeared to be species-specific
as they caused lytic infection only in E. foecalis.

Eight strains with the widest susceptibility to the panel
of phages used were chosen as candidate hosts for sub-
sequent phage assays (Table 2}. Seven {all frem Endau-
Rompin) were selected based on their susceptibility to
over 50% of the panel phages. The eighth (P}-2) was
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included for comparison as the Tabie 2. Selected hosts for phage assay and their | 1 Ne first requirement for a phage
only non-Endau-Rempin iso- susceptibility to a panel of 8 phages assay was getting a suitable host
late. Enterococcal No, of panel phages organism like E. cofi C in the coliph-

) ] Host capable of lytic infection age test. In the absence of refer-
All8 candidate hosts were first 102 ence strains for the assay of entero-
used in the DAL assay without jJI 00-7 8 coccal phages, an attempt was made
pre-assay amplification, on wa- to identify suitable hosts from
ter samples collected from the R0 7 among the wild-type strains isolated
Taman Jaya lake and University J100-8 from the environment. The 8 can-
of Mal.aya pond. No phages Glo 6 didate hosts used in this study were
were isolated. The samples susceptible to at least 4 of the 8
were then tested with the SAL H100-F 5 phages isolated from 2 local ponds.
assay using J10-2 and H100-8 pj2 4 For further development of the ph-
as hosts. Two plaques were ob- age assay, more enterococcal strains

tained with host | 10-2 at 35°C
incubation. In the SAL assay, 2
varations in incubation temperature were tried oyt : a)
incubation at room temperature and b) an initial incu-
bation at 35°C for 3 hours followed by overnight incu-
bation at 44.5°C. In both cases, no advantage was ob-
tained over incuba-

need to be examined to select a
host with the widest possible phage susceptibility, suit-
able growth characteristics and genetic stability for re-
fiable phage infection.

With a phage amplification step, 8 phages were isolated
with 3 preliminary

tion at 35°C. Be- |Table 3. Enumeration of bacteria and phages in faecally-contaminated hosts without much
sides, the Enterococ- | water samples difficulty but in subse-
cus host grew ver uent assays carried
g Y q Y
poorly at the lower Water source Test method No. of organisms out without amplifica-
and higher tempera- (CFUI100ml or tion, only 2 phages
tures, making the cul- PEU/160mI) were isolated from a
> Taman Jaya lake Enterococcus phage SAL <5
ture plates difficult to Enterococcus phage DAL <28 total of 23 attempts
read. Coli;;hagFe OC? . using water from the
Ecoli M LIEXEG
To compare the ph- Enterococcus MF 4.0X104 :‘amfe ptohndsf. .||n PT
X icular, the failure to
age assays with the University Mafaya pong Enterococeus phage SAL <5 detect enterococcal
standard (APHA) Enterococcus phage DAL <25 hages in samples
faecal cofiform, en- Coliphage 530 phages in samp
and 'l' h E. colf MF LIXIo with high counts of E.
terococcian Cot"P - Enterccoccus MF 1.2X104 cofi, enterococci and
age enumeration ; .
tegsts all 4 examina- Animal faecal washing Enterococcus phage SAL <5 coliphage was disap-
N ; Enterococcus phage DAL <25 pointing. In a study on
tions were carried Coliphage >2.0X104 1,145 well water
out on 3 water E coli MF 3.0x10¢ ' les | ious |
samples : a) water Enterococcus MF 27X10° sampies In various lo-

fromTaman faya lake
b) water from the University of Malaya pond and «¢)
faecal washing from the Faculty of Medicine’s animal
house. No enterococcal phages were detected in any
of the samples although high counts were obtained for
coliphages, E. coli and enterococci (Table 3).

Discussion

Researchers at the Faculty of Medicine, University of
Malaya have shown significant correlation between
membrane-faecal coliform counts and coliphage num-
bers in well waters located in Central Malaysia. Since
enterococci have been often used as an alternative or
adjunct indicator to coliform bacteria for faecal con-
tamination of water, it was of interest to see if entero.
coccal phages can also play a role in the assessment of
water quality.

©G = overgrown, MF = membrane filtration method

cations in Malaysia(9),
it was observed that
coliphage counts were usually about 2 logs lower than
coliform counts. This bacteria: phage ratic was also seen
with coliforms and coliphages in this study but not with
enterococcl and enterococcal phages., Both the SAL
and DAl methods are standard tests for bacteriophage
enumeration and they worked welf with the coliphages.
The lower rate of enterococcal phage isolation in this
study could be due to the use of unoptimised hosts or
to the presence of much smaller numbers of entero-
coccal phages in the water samples studied, At their
present stage of development, both the tests used are
not yet totally satisfactory for the assay of enterococ-
caf phages,

The SAL method appeared to be more sensitive than
the DAL method probably because the inoculum used
for the former (Sml} was farger than that for the latter

27



JUMMEC 1996: 1{1}

(Iml). Using 4 replicates per assay, the limit of detec-
tion for the SAL assay was 5 PFU/100ml| whereas that
for the DAL assay was 25 PFU/I00mi. This greater sen-
sitivity with a simpler test should be advantageous for
field work. Another modification which would facili-
tate field testing is room temperature incubation which
would eliminate the need for a field incubator. On the
other hand, incubation at 44.5°C would help to cut down
on the background growth of contaminating bacteria.
Unfortunately, both temperatures did not allow ad-
equate growth of the host organism. Perhaps the cul-
ture medium could be improved to overcome this prob-
lem.

The US Envirommental Protection Agency (US EPA,
1986) recommends that recreational waters should not
have > 126 E colif 00m! and >33 enterococci/ | 00ml for
fresh water. By these standards, the 2 ponds surveyed
should be considered hygienically unsafe for recreational
use. Since the ponds have not been known to be health
hazards, could the US EPA’s requirements be too strin-
gent for local waters? Is it possible that the high counts
obtained for the 2 indicator bacteria be reflective of
their multiplication in the water rather than faecal
contamination? The findings in this preliminary study
have identified directions for further research on the
extra-intestinal survival and replication of bacterial and
viral indicators of faecal contamination of water and
the suitability of traditional standards of water quality
for local recreational waters.
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