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ABSTRACT

A preliminary survey of Helena water for the presence of
Pseudomonas , a potentially pathogenic genus of bacteria, was
undertaken from June through August 1990. Microbiological methods
suited specifically for recognizing this genus were utilized. The
details of those methods, the results obtained through their use, and
various ways the survey could be expanded are presented here. A
particular member of the genus, Pseudomonas aeruginosa , is also
looked at in detail due to its growing importance as an opportunistic
pathogen.
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INTRODUCTION

Water, as a potential carrier of pathogenic microorganisms, is a
common, everyday threat to health. Water can often appear to be
free of contamination by means of sight, smell, and taste but may
still present a risk. It is for this reason that the microbiological
examination of water is so important.

One microorganism in particular, Pseudomonas aeruginosa, has
emerged as a real threat. P. aeruginosa is an opportunistic
pathogen- a microorganism that exists as part of the normal flora
but becomes pathogenic when transferred to other areas where it is
not normally found or when the host's immune response is supressed.
P. aeruginosa is of great concern in hospitals where it causes
approximately nine percent of nosocomial infections. Outside of the
hospital it has been associated with infections of the ear, eye, and
an interesting condition resulting in the discoloration of the finger-
or toenail. It is able to survive and proliferate in many
environments, especially water, due to its metabolic versatility,
simple nutritional requirements, and wide temperature range for
growth.

The importance of P. aeruginosa has increased in the past
several years due to the fact that it is resistant to a wide range of
antibiotics and is therefore hard to treat. It is equipped with many
potential virulence factors, some of which are integral to the
microorganism’s stucture and others which are the result of its
manufacturing capabilities. P. aeruginosa, however, is not the only
member of the Pseudomonas genus implicated in causing disease.

The preliminary survey presented in this paper was used on tap



water, well water, and water collected from dead-end mains. It
resulted in the confirmed presence of this genus in at least one
sample of each type. Further analysis of these water samples might
include a quantitative measure of contamination and biochemical-
testing to allow for speciation. The isolation of Pseudomonas, most
importantly, P. aeruginosa, from drinking waters must be regarded
with concern so that steps can be taken to prevent exposure of
susceptible individuals and work can be done to eliminate the

problem.




































autoclaved at 121° C for 12 minutes.

In addition to the initial use of the presence-absence (P-A)

coliform test to indicate the presence of Pseudomonas, a basal

medium was also used. The basal medium used consisted of MgSQ, -
7 HyO (0.2 grams), KoHPO, (1.0 gram), FeSO4 - 7 Hy,O (.05 grams),

CaCl, (.02 grams), MnCli, -4 H,O (.002 grams), NaMO 04 - 2 H;O (.001
grams), ethyl alcohol (4.0 grams), and NH,Cl (1.0 gram), all of which
were dissolved in one liter of distilled water. 50 ml portions of the

prepared solution were then dispensed into 250 ml flasks and

autoclaved for 20 minutes at 121° C. The use of this medium was

based on the fact that Pseudomonas is capable of growth in a purely
mineral medium (no growth factors are required) with the addition
of an appropriate single carbon source. The carbon is provided by the
ethyl alcohol, a nonfermentable substrate. The use of
nonfermentable substrates often results in the enrichment of
obligate aerobes, the most common of which are members of the
genus Pseudomonas . The basal medium was stored without
illumination.

Water samples (250 ml) were shaken to insure uniform
distribution and then 100 mi of the sample was inoculated into a P-

A culture flask and another 100 ml! was inoculated into a basal

medium flask. Both flasks were then incubated at 35°C and
inspected after 24 and 48 hours.

In the case of the P-A test, a distinct yellow color forms in the
medium when acid conditions exist following lactose fermentation.
Pseudomonas presence will not exhibit this yellow coloration but

growth will result in a clouding of the purple medium. Growth in the
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basal medium is also detected by a clouding of the culture which is
normally clear.

Sampies indicating tentative presence of Pseudomonas were
further tested using Drake’s broth and skim milk agar. The Drake's
broth was a 0.3% peptone broth. It was prepared by making a
mixture of 0.9 grams of peptone and 300 ml of distilled water. This

mixture was autoclaved at 121°C for 15 minutes. The broth was

then pipetted into sterilized screw-cap test tubes (30 mi/tube).
The skim milk agar consisted of 25 grams of skim milk powder
dissolved in 125 ml of distilled water and added to a solution
containing 3.12 grams of nutrient broth, 0.62 grams of NaCl, 3.75
grams of agar, and 125 ml of distilled water. The mixture was then

autoclaved at 121°C for 12 minutes. Upon autoclave completion, 30

ml portions were pipetted into sterilized screw-cap test tubes and
allowed to set in a slanted position.

Samples suspected of containing Pseudomonas by virtue of
initial tests were transferred to both peptone broth and skim milk

agar by means of sterilized loop and a single steak, respectfully.
The peptone broth was incubated at 41°C to see if the
microorganisms would grow. The skim milk agar was incubated at

35°C. Both were inspected at 24 and 48 hours. Pseudomonas

growth in the clear peptone broth is indicated by a clouding of the
medium whereas growth on skim milk agar will show a clearing due

to hydrolysis of casein.

15
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RESULTS and OBSERVATION

To become familiar with the materials and methods being used,
as well as to be able to recognize the characteristics of positive
tests, a sample of distilled water was seeded with a known
isolation of P. aeruginosa . As expected, the sample showed growth
(clouding) in both initial tests and was transfered into peptone broth
and onto skim milk agar. Again results were as expected, with
growth in peptone broth and notable hydrolysis of casein. Also
evident on the skim milk agar was the characteristic blue-green
coloration noted in the literature.

Results obtained from this control test were as follows:

Sample containing I || Basal || Drake’s|| Skim milk
known P. geruginosa || P-A Test || Med. || Broth || Agar
(1) i + o+ U +1+] + | +

These results clearly show the presence of Pseudomonas . The (+)
symbolizes growth in both the P-A test and basal medium. From this
point, a sterilized loop was used to innoculate the peptone broth and
to streak the skim milk agar using innoculum from the P-A flask (+)
and the basal medium (+). This is why we see two symbols within
the Drake's broth and skim milk agar columns. The first symbol
represents the result observed for the P-A innoculum and the second
represents the result observed for the basal medium innoculum.

The water samples collected for testing were taken from random
sites in the Helena area. In the case of the home and well water, the
collections were obtained only with the permission of the residents.

They were chosen strictly on the basis of determining whether or

17



not Pseudomonas can be found in area water to a great extent. The
samples can be broken down as follows: twenty samples taken
directly from the tap of private homes; seven samples taken from
privately owned wells; and four samples collected from dead-end

mains by the water company.

18



The results observed for samples collected straight from the tap

were as follows:

(Note: (+) = positive for growth, (-) = negative for growth, (0) = test
not used)
Home Basal Drake's Skim milk
Sample # P-A Test Medium Broth Agar
1 - - 0 0 0 0
2 - - 0 0 0 0
3 - s 0 - 0 -
4 - - 0 0 0 0
5 - - 0 0 0 0
6 - + + + - +
7 - - 0 0 0 0
8 - - 0 0 0 0
9 - - 0 0 0 0
10 + - - 0 - 0
11 + - + 0 - 0
12 - - 0 0 0 0
13 + - + + + +
14 - - 0 0 0 0
15 - - 0 0 0 0
16 - - 0 0 0 0
17 - - 0 - 0 .
18 + + + - - -
19 - - 0 0 0 0
20 - - 0 0 0 0

The above results indicate the presence of Pseudomonas in two of
the twenty samples tested.
number (6) and (13).

presence of Pseudomonas only if both the Drake’s broth and skim

These positve tests occur for sample

A sample is considered positive for the

milk agar show growth.
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The results observed for the well

follows:

water samples were as

Well Sample Basal Drake's Skim milk
# P-A Test Medium Broth Agar
1A - + 0 + 0 +
1B + + + + + +
2, + - + 0 + 0
3 + - + 0 + 0
4 - - 0 0 0 0
5 - - 0 0 0 0
6 + + - + + +
7 - - 0 0 0 0

The above results indicate the presence of Pseudomonas in four of
the seven wells tested. These positive samples are (1), (2), (3), and
(6). Sample (1) was split into two samples (A and B) because
although the water was obtained from the same well source, it was
collected from two different residences. It should also be noted
that sample (3) exhibited the characteristic blue-green coloration of

the skim milk agar.
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The results obtained from the dead-end main samples were as

follows:
Dead-end Basal Drake's Skim milk
main # P-A Test Medium Broth Agar
1 - - 0 0 0 0
2 + + + + + +
3 + - - 0 - 0
4 + - - 0 - 0

The above results indicate the presence of Pseudomonas in one of

the four samples.

# (2).

was not observed.

21
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The blue-green coloration of the skim milk agar, however,




N IONS and DI ION

Although only a limited number of samples were tested for the
presence of Pseudomonas, it is important to note that results show
definite incidences of confirmed contamination. In the United
States the quality of public water supplies is judged in terms of the
1975 United States Environmental Protection Agency (EPA) Interim
Primary Drinking Water Regulations (19). These regulations provide
a minimum number of samples to be examined per month and
establish the maximum number of coliform organisms (Maximum
Contaminant Level, MCL) allowable per 100 ml of finished water
(18). They also require that analyses be made in a certified
laboratory (18). It is generally assumed that adequately treated and
delivered drinking water should not contain any pathogenic
microorganisms (13). As a practical objective, this is probably
unattainable (13). A more realistic expectation is that, even under
epidemic conditions of iliness in the population whose sewage may
contaminate the raw water source, the combination of natural
purification and man-mediated treatment and disinfection will be
such that outbreaks of waterborne infectious disease will occur
very rarely, if at all, and that the probability of sporadic cases of
infectious disease will be acceptably small (13). As increasing
water shortages face the United States, we shall likely see the
development of additional indicator systems to be used along with
the coliform on the water available (12). One of these additional
systems is that for Pseudomonas, a bacterium of special interest
with regard to its pathogenicity and ubiquity. Of even more interest

is the microorganism P. aeruginosa because of its clinical
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importance already discussed.

As a rule, P. aeruginosa can be isolated only occasionally from
drinking water, especially treated drinking waters, unless gross
contamination is present (6). Several authors have supported the
suggestion for supplemental testing of water for P. aeruginosa
presence. Kenner and Clark reported the isolation of P. aeruginosa
from 17 of 20 samples from water supplies in the United States,
including wells, cisterns, and small municipal supplies (6). Greer,
Tenney, and Nyan considered that P. aeruginosa in drinking waters
could not be ignored, and its isolation should condemn a water for
drinking purposes (6). Buttiaux stated that while the search for P.
aeruginosa in drinking waters often would not be necessary, the
presence of this potential pathogen indicated serious contamination
(6). Taylor made a similar statement but supported the view of
Reitler and Seligmann that because of its association with human
fecal matter and its role as a pathogen, tests for its presence should
be included in the routine examination of the water where a
preliminary survey shows that the organism may occur (6). Most
recently, Schubert and Blum concluded that the correlation of P.
aeruginosa to E. coli and coliforms was so weak that a separate test
for P. aeruginosa in the sanitary evaluation of water samples
appeared necessary (6). Regulation No. MSZ 22901-71 of the
Drinking Water Standards states that “drinking water should be
qualified unsatisfactory if P. aeruginosa is present in samples of
260 mi chlorinated piped water; 100 ml non-chlorinated piped
water, driven well or mineral water; 50 ml of dug well water.” (6).

The outline devised and presented here for the preliminary survey
of water for Pseudomonas was easy, effective, and took a maximum

of four days to obtain results. Additional tests to determine
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whether or not the species present was P. aeruginosa were not
performed. The fact that pigment production was not always seen
does not rule out the possibility of P. aeruginosa being present nor
does the coloration confirm that particular species. |f this system
were to be implemented as an adjunct to the coliform testing of

water other biochemical tests would be involved. These tests might
include the following taken from the Manual of Clinical Microbiology:

Characters used in identification.

Test. substrate or morphology Sign
Acid:
Glucose, 1% (OF Basal Medium).......ccceceeiereeniiineieneecnieene +
FRUCIOSE ...ttt et enc e s +
GAlACIOSE ......eveereeiiiete e e + or -
MENNOSE ..ottt ettt e et snesrentenes + Or -
RNBIMNOSE ...ttt et e saesn e e e - or +
XYIOSE ..ttt + or -
LACIOSE ...ttt sttt e -
8T 0o oY== TS -
MAHOSE ... -
MANNITOL ... e b e saenann + or -
Lactose, 10% (purple agar base).........cccccevvevecvveeereee e, - or +
2-KetogluCONALe .......ccevverueeireeiiieereire ettt s e + Or -
o -nitrophenyl-B-d-galactopyranoside ..........ccccooeeeeeeiiiiiiiiiinnnnnn. -
PYOVEIAIN ...ttt sttt enaa + or -
Hydrogen sulfide (Kligler iron agar).........cccoeevvvvieeiieiieccieenreee. -
Nitrite ProdUCHION .....c..oovevviiiiiriirieceees e et et - or +
Nitrogen gas produUCHON ..........cccveeieeirieiiiece e e + or -
Unreduced Nitrate (Zn)...eeeeeeeeeeeeeeee e eeeeeeseeeese s - or +
INdophenol OXIASE .........ccveeireirrceieee et +
Arginine dihydrolase (decarboxylase base Moeller)................. +
Lysine decarbOXYIASse .......ccccceeceeciie ettt -
Ornithine decarbOXYIASe ........cc.icvvieeie e -
Phenylalanine deaminase ...........cccoecuvveeeieee e -
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Characters used in identification continued

Hydrolysis:

UPBA ...ttt ettt e ae e n e e ere e + Oor -

ESCUIIN .ottt e et e e s a e srn s -

TWEEN 8O ... e e + or -

SEAICH ..ttt er e e -

DeoxyribonuCIEIC aCid ........ceecuveeeieieeceieiieeecee e -or +

=T o) 11 A O PP - or +

GEIALIN ...vevetcreetere ettt ea e sb et aenene s + or -
Hydrolysis:

ACEIAMIAL ...t be e s st esean e s - or +
HEMOIYSIS ..ottt st nne e - or +
Growth on:

S8 AQAN ... + or -

MaCCONKEY QAT .......ccveeeireetereeesreteteteteeeeeseeresaesteees e s neesasaeases +

10 TTC st sb e s sss s er e s enseaneneaeens + Or -

B.5 Y NACH ...ttt sttt ea s sa e -

Cetrimide (Pseudosel agar).......cccocoeeeeeeeeeecccrreeceeee s e e +

Mineral base medium + acetate ...........ccccoecccciee e +
GROWEN @t 420 oot es e ee e e eresesee e se s +
Polymyxin susceptible .........ccceieeiecrieieie e +

Sign (+) = 90% or more positive within 2 days; Sign (-) = no reaction
(90% or more); Sign (+ or -) = most cultures positive, some strains
negative; Sign (- or +) = most strains negative, some cultures
positive.

In addition to adding biochemical tests to the preliminary survey,
a quantitative test might also be considered so that the level of
contamination could be determined. Suggestions for these additional
tests are found in Standard Methods For The Examination Of Water
And Wastewater. They include the most-probable-number technigue,
or MPN test, and the membrane filter technique. Both can be used
effectively in the enumeration of P. aeruginosa .
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