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Previous studies have indicated that the coagulase-positive Staphylococcus
(Staphylococcus aureus) has potential as a useful indicator of the infection hazard
associated with the use of swimming pools and other recreational waters.
However, before this indicator system can be used effectively, a recovery system
that is sufficiently selective, accurate, and reliable for the enumeration of S.
aureus must be developed. In this study, Vogel-Johnson (VJ) and Baird-Parker
(BP) agars were compared for efficacy in the primary isolation and recovery of S.
aureus from swimming pool water. For equal sample volumes of pool water
containing adequate free chlorine residual, VJ agar was found to be more selective
for staphylococcal species and less inhibitory to general cell growth than was BP
agar. However, neither medium was found to be sufficiently differential to permit
the accurate identification of S. aureus. In contrast, water samples obtained from
a swimming pool containing very low levels of chlorine (none of which was in the
free form) showed abundant growth of staphylococci on both test media, with
both VJ and BP agars showing increased sensitivity for the detection of S. aureus.
Thus, VJ and BP agars show increased sensitivity for the detection of coagulase-
positive staphylococci from unchlorinated versus chlorinated waters.

There has been much debate during the past
40 years as to the wisdom of using a coliform
standard to determine the infection hazard of
certain recreational waters (16, 19). Staphylo-
cocci have been suggested as an alternative
indicator to the coliforms for swimming pools
because they are ubiquitous in this environment
and generally are much more resistant to halo-
gen disinfectants than are coliforms (6, 9, 13).
The coagulase-positive staphylococci, herein
used synonymously with the species Staphylo-
coccus aureus, are normal inhabitants of the
nose, skin, and intestinal tract of humans, are
readily shed by swimmers, and thus are a major
component of the bacterial flora found in swim-
ming pools of high bather density (20). Crone
and Tee (6) determined that two-thirds of the
staphylococci in pools studied were S. aureus.
Furthermore, several investigators have found
S. aureus to be particularly resistant to the
levels of halogens used in swimming pool disin-
fection (9, 13). In addition, S. aureus is a proven
pathogen and notably responsible for a variety
of skin abscesses and pustules (2). The major
significance of S. aureus in swimming pool wa-
ter lies in situations in which it might infect the
eyes, ears, or cuts and scratches on the skin of
bathers.

The major obstacle to the use of S. aureus as
an indicator of potential infection hazard is the
lack of a recovery system that is sufficiently
selective, differential, and reliable for their enu-
meration from swimming pool water. The evalu-
ation of media and methods was not the prime
focus of the few studies on staphylococci in
water which are cited in the literature. Never-
theless, membrane filtration with either Staphy-
lococcus broth or Staphylococcus medium 110
has been found to be neither sufficiently selec-
tive nor differential for the quantitative recovery
of staphylococci, especially S. aureus (1). Al-
though Vogel-Johnson (VJ) agar, in conjunction
with membrane filtration, has been used for the
selective enumeration of S. aureus in swimming
pools, this method has never been rigorously
evaluated (8, 9, 16). There are no reports in the
literature of the use of Baird-Parker (BP) agar
for the isolation of S. aureus from swimming
pool water, although that agar is the medium of
choice for enumeration of contaminant S. aure-
us in foods (17). However, there is a recent
report of the successful u'se of Baird-Parker agar
to evaluate S. aureus in hydrotherapy pools (7).
In an effort to bridge the gap in the literature, the
following study was conducted to evaluate the
comparative efficacy of VJ and BP agars for the
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primary isolation and recovery of S. aureus from
swimming pool water.

MATERIALS AND METHODS
Sampling. Samples (500 ml) from three chlorinated,

recirculation-type swimming pools were collected in
compliance with the specifications outlined in Stan-
dard Methods for the Examination of Water and
Wastewater (3). Sodium thiosulfate sufficient for com-
plete dechlorination of specimens was present in sam-
ple bottles. All samples were processed within 3 h
after collection.

Physical parameters. Pool water was analyzed for
chlorine content, pH, and temperature at the time of
sampling for bacteriological parameters. Both free and
combined chlorine were determined by titration, using
Palin's ferrous ammonium sulfate method with N,N-,
diethyl-p-phenylene-diamine as the indicator (3). pH
was assessed with a digital pH/mv meter (Orion Re-
search).

Bacteriological analysis. All samples were collected
during times of peak bather load from chlorinated
pools. Four 100-ml aliquots of each sample were
membrane filtered according to Standard Methods (3).
Millipore filter holders, Millipore HA membranes
(pore size, 0.45 jLm), and disposable plastic petri
dishes (diameter, 60 mm) with loose-fitting lids were
used. Of the four membrane filters resulting from each
sample, two each were incubated on VJ agar (BBL
Microbiology Systems) and BP agar (Difco Labora-
tories). Incubation was carried out in a circulating air
incubator at 35 to 37°C for 24 to 48 h.

Characterization of isolates. Each colony isolated
from membrane filters on VJ or BP agar was immedi-
ately transferred to tryptic soy broth (Difco). The
overnight tryptic soy broth culture wa's then streaked
for isolation on Standard Methods agar (Difco). After
six passages on Standard Methods agar, each isolate
was maintained on a nutrient agar slant. Catalase
activity was determined by the rapid ebullition of gas
upon contact of a nutrient agar slant culture with 3%
hydrogen peroxide solution (10). Controls were S.
aureus ATCC 25923 (positive control) and Streptococ-
cus pyogenes ATCC 19615 (negative control). Coagu-
lase activity was determined by the direct tube method
with rabbit plasma (Difco) according to the recommen-
dations of the Subcommittee on Taxonomy of Staph-
ylococci and Micrococci (24). The degree of clotting
was scored according to the four-point scheme pro-
posed by Turner and Schwartz (26). Production of
heat-stable DNase (thermonuclease) was determined
by the metachromatic agar-diffusion technique of La-
chica et al. (14). Test organism tryptic soy broth
cultures were heated for 15 min at 100'C before
thermonuclease testing. Controls for coagulase and
thermonuclease tests were S. aureus ATCC 25923
(positive control) and Staphylococcus epidermidis
ATCC 12228 (negative control). Lysostaphin sensitiv-
ity was determined by an agar overlay method previ-
ously described by Schleifer and Kloos (21), using
lysostaphin (Sigma Chemical Co.) at a concentration
of 200 ,ug/ml. Controls were S. aureus ATCC 25923
(strong positive control), S. epidermidis ATCC 12228
(weak positive control), and Micrococcus luteus (neg-
ative control). Each isolate was streaked for isolation

on VJ and BP agars to facilitate the assessment of
colony morphology, and was Gram stained.

RESULTS
A total of 45 samples were collected from

chlorinated swimming pools containing a mini-
mum free chlorine residual of 0.6 ppm. Since
each sample was divided into four 100-ml ali-
quots for membrane filtration with two mem-
brane filters incubated on each of the two test
media, the results presented herein represent the
evaluation of 90 membrane filters incubated on
VJ agar and 90 on BP agar. The total number of
isolates from membrane filters incubated on VJ
agar was 356. Of these, 355 proved to be lysosta-
phin-sensitive, catalase-positive, gram-positive
cocci. Thus, VJ agar appears to be highly selec-
tive (99.7%) for staphylococcal species. In con-
trast, of the 142 isolates yielded from membrane
filters on BP agar, only 122 (85..9%) were con-
firmed as lysostaphin-sensitive, catalase-posi-
tive, gram-positive cocci. In addition to being
somewhat less selective for staphylococcal spe-
cies, BP agar isolated 60.1% fewer colonies than
VJ agar from an identical group of 45 water
samples. This may be due to a combination of
the inherent inhibitory effects of BP medium
components and the competition afforded by
non-staphylococcal species growing on plates.

For the 45 samples assayed, an attempt was
made to correlate "typical colony morphology"
on each medium with identification as a coagu-
lase-positive Staphylococcus sp. On VJ agar,
coagulase-positive staphylococci form smooth,
black colonies (due to the reduction of tellurite)
which are often surrounded by a yellow zone
due to the formation of acid from mannitol. Of
the 355 Staphylococcus sp. isolates on VJ agar,
49 produced black colonies surrounded by yel-
low zones, with 2 of these exhibiting a +4
coagulase reaction and 47 exhibiting a negative
coagulase reaction. A random sample consisting
of 20% of the remaining 306 mannitol-negative
VJ isolates was selected and tested for coagulase
production. All were found to be negative. The
production of thermonuclease has been shown
to correlate quite well with +3 and +4 coagulase
reactions (15, 18, 22, 25). Thus, the thermonu-
clease test appears to be a suitable ancillary test
and subsequently was performed on all manni-
tol-negative VJ isolates. Each of the 306 isolates
was negative for thermonuclease production. All
of the 122 staphylococcal isolates from BP agar
were tested and found to be negative for coagu-
lase production. It should be noted that only
seven of these 122 isolates exhibited colony
morphology on BP agar typical of coagulase-
positive staphylococci (black colonies surround-
ed by a clear zone). Thus, it can be concluded
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that the accepted description of colony morphol-
ogy on either VJ or BP medium correlates
poorly with the identification of the isolates as
coagulase-positive staphylococci.
Of special interest were five water samples

obtained from a swimming pool containing a free
chlorine residual of 0 ppm and a combined
chlorine residual of 0.17 ppm. Although the
volume of water filtered was reduced to 25 ml,
all plates exhibited abundant growth. In fact,
filters incubated on BP agar exhibited nearly
twice the colony growth observed on filters
incubated on VJ agar, for equal volumes of the
same water sample. VJ agar was somewhat
more selective than BP agar for staphylococcal
species (Table 1), a trend shown to hold true for
chlorinated and unchlorinated swimming pool
water samples alike. However, it is evident from
a comparison of the data here that both VJ and
BP agars show increased sensitivity for the
detection of coagulase-positive staphylococci
from unchlorinated versus chlorinated waters.

DISCUSSION
Since staphylococci are a major bacterial con-

taminant of swimming pools that have a high
bather density, and since a significant propor-
tion of these staphylococci are S. aureus, enu-
meration of these organisms appears to provide
a useful index of not only the level of contamina-
tion but also the concurrent effectiveness of the
filtration and chlorination procedures used.
However, there is no reliable analytical proce-
dure which establishes a clear, quantitative cor-
relation among factors such as number of staph-
ylococci present, bather load, and chlorination-
filtration procedures, and how these factors
affect the incidence of microbial infection of
bathers. A primary reason for the lack of suit-
able data to determine this correlation is the
absence of a recovery system that is sufficiently
selective, accurate, and reliable. Each of the

past three editions of Standard Methods has
advocated the enumeration of total staphylococ-
ci or S. aureus organisms in swimming pool
water. However, these methodologies have re-
mained in a tentative status due to the lack of
data documenting their accuracy and precision
when applied to the examination of swimming
pool waters.
The present study was designed to evaluate

two media for efficacy in the selection and
differentiation of S. aureus. Although VJ agar
appears to be slightly more selective than BP
agar for the isolation of staphylococcal species,
neither medium was sufficiently differential to
permit the accurate identification of S. aureus
from swimming pool water containing adequate
free chlorine residual. However, when samples
collected from a swimming pool containing no
free chlorine and a combined chlorine residual of
0.17 ppm were analyzed, the differentiation of S.

aureus on both VJ and BP medium markedly
improved. In fact, the results on VJ agar for
these samples more nearly approximated the
data published by Favero et al. (9; Table 2).
Favero's group determined that VJ agar was
superior to Chapman-Stone and phenol red man-
nitol salt agars for the selection of S. aureus.

This group also showed a high degree of correla-
tion between mannitol fermentation and coagu-
lase activity for staphylococci isolated on VJ
agar. However, no data concerning the concen-
tration of free or combined chlorine residual of
the samples used in the Chapman-Stone-phenol
red mannitol salt-VJ comparison were present-
ed. In contrast, three independent studies con-
ducted in our laboratory of chlorinated and
brominated swimming pools containing ade-
quate free halogen residuals indicated a minimal
degree of correlation between mannitol fermen-
tation and coagulase activity. Apparently, the
identification of coagulase-positive staphylococ-
ci cannot confidently be based on colony mor-

TABLE 1. Efficacy of VJ and BP agars for the primary isolation and detection of coagulase-positive
staphylococci from swimming pool water

No. of No. of No. of isolates exhibiting No. of typical No. of typical
Agar and water isolates Staphylococcus colony morphology colonies that were colonies that were

picked spp. isolates typical of coagulase- coagulase positive coagulase positive
positive staphylococci' (+4 level) (+1-3 level)

VJ agar
Chlorinated watera 356 355 49 2 0
Unchlorinated water' 77 77 40 37 0

BP agar
Chlorinated water 142 122 7 0 0
Unchlorinated water 73 58 35 20 15d
a Chlorinated water contained a minimum of 0.6 ppm free chlorine residual.
b Unchlorinated water contained no detectable free chlorine residual.
On VJ agar, these were black colonies with surrounding yellow zones; on BP agar, they were black colonies

with surrounding clear zones.
d All of these colonies exhibited a +3 coagulase reaction and a positive thermonuclease reaction.
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TABLE 2. Correlation between mannitol fermentation and coagulase activity of staphylococci isolated on VJ
agar from swimming pools

S4o. of isolates with the following characteristicsa:Source of isolates Total no.
(reference) of isolates Mannitol and Mannitol positive and Mannitol and

coagulase positive coagulase negative coagulase negative

Chlorinated pools
Klapesb 77 37 3 37
Favero et al. (9)C 106 104 0 2
Klapesd 355 2 47 306e
Klapesd 53 0 50 3

Brominated pool
Klapesd 111 25 54 32

a No isolates were mannitol negative and coagulase positive.
b These samples had no detectable free chlorine residual.
c No chlorine concentration data were available.
d These samples contained a minimum of 0.6 ppm free halogen residual.
e The implied coagulase-negative character was based on negative results from a 20% random sample of the

total and thermonuclease negative results for each of the 306 isolates.

phology on VJ agar when the isolates are ob-
tained from adequately halogenated swimming
pool water samples. The observation supports
the theory that environmental stress can pro-

duce sublethal physiological injury as well as

lethal injury. Additionally, evidence of the re-

duced ability of environmentally stressed cells
to perform as expected on selective media is
well documented (4, 11, 23).
The abundance of staphylococci, a high per-

centage of which are isolates of S. aureus, in
swimming pool water is well documented (6, 9,
20). In addition, Keirn and Putnam (13) have
determined that the chlorine resistance of S.
aureus and S. epidermidis is essentially equiva-
lent. These data taken collectively suggest that
S. aureus should survive long enough in swim-
ming pool water to be enumerated, yet die
within a reasonable time period. However, we

see only a small percentage of coagulase-posi-
tive staphylococci among the staphylococcal
species recovered on VJ agar from adequately
chlorinated swimming pool water. It remains to
be seen whether the remainder of the staphylo-
cocci recovered from this environment are truly
coagulase-negative staphylococci or S. aureus

which have been physiologically or genetically
altered or both as a result of exposure to hypo-
chlorous acid.
Although disinfection by chlorine has been

extensively used for the last six decades, the
mode of action of chlorine and its compounds on

microbial life is not fully understood. Some of
the more recently considered modes of chlorine
action include disruption of the cell membrane
and protein synthesis, reactions with nucleic
acids, purines, and pyrimidines, creation of
chromosomal aberrations, and induction of
DNA lesions with accompanying loss of DNA
transforming ability (5, 12, 27). Chlorine injury

has been shown to be reversible under suitable
conditions, and staphylococci surviving chlori-
nation may be capable of repairing the resultant
injury in some instances. However, if chlorine
produces a nonlethal mutation, the staphylococ-
ci isolated from chlorinated environments may
be altered genetically and thus may not be
accurately identified by currently accepted spe-
cies identification schemes. In addition, the
range of responses observed in cells exposed to,
chlorine may very well be a dose-dependent
relationship. In our laboratory, results from
samples of chlorinated swimming pool water
show a significant increase in the composite
yield of staphylococci isolated on 1% pyruvate-
supplemented VJ agar compared with standard
formulation VJ agar. If we desire optimal enu-
meration of these indicator bacteria from chlori-
nated water, we must gain an understanding of
chlorine injury physiology in staphylococci and
begin to identify the compounds and growth
conditions which favor the recovery of these
injured cells on selective media. This is the
necessary first step in the development of a
recovery system suitable for the selective isola-
tion, enumeration, and accurate identification of
coagulase-positive staphylococci in swimming
pool water.
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