ORIGINAL ARTICLES AAEM

Ann Agric Environ Med 2006, 13, 323-335

LEGIONELLA AND OTHER GRAM-NEGATIVE BACTERIA IN POTABLE WATER
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Nimfa Maria Stojek, Jacek Dutkiewicz

Department of Occupational Biohazards, Institute of Agricultural Medicine, Lublin, Poland

Stojek NM, Dutkiewicz JLegionellaand other gram-negative bacteria in potable water
from various rural and urban sourcésn Agric Environ Me@006,13, 323-335.

Abstract: A total of 107 potable water samples were collected from various rural and
urban sources located in the Lublin region (eastern Poland). 54 samples from rural
sources comprised 32 samples of untreated well water and 22 samples of treated
(chlorinated) tap water from rural dwellings distributed by the municipal water supply
system (MWSS). 53 samples of treated water from urban sources were supplied by the
city of Lublin MWSS. They comprised: 11 samples of tap water from offices and shops,
8 samples of tap water from dwellings, 19 samples from showerheads in health care
units, and 15 samples from the outlets of medical appliances used for hydrotherapy in a
rehabilitation centre. Water samples were examined for the presence and species
composition of Legionella Yersinia Gram-negative bacteria belonging to family
Enterobacteriaceae (GNB-E) and Gram-negative bacteria not belonging to family
Enterobacteriaceae (GNB-NE), by filtering through cellulose filters and culture on
respectively GVPC, CIN, EMB and tryptic soya agar meldégionellawas recovered

from samples of well water, tap water from rural dwellings, tap water from urban
dwellings, and water from medical appliances - with the isolation frequency of 27.8-
50.0%, and the low concentrations ranging from 0.7-13.3'xcfifl. No Legionella

strains were detected in tap water from offices and shops, and in water from
showerheads in health care units. Strains ofltbgionella pneumophilatypes 2-14
predominated, forming 89.9% of totdlegionella isolates, while other species of
Legionellaformed 10.1%. Neithelcegionellapneumophilatype 1 strains noYersinia

strains were isolated from the examined water samples. The isolation frequency and
mean concentration of GNB-E in water samples from rural sources was significantly
greater than in water samples from urban sources (respectively 61.1% vs. 20.8%, 17.1
vs. 3.4 x 18 cfu/l, p<0.001). Isolation frequency of GNB-NE in water samples from
rural sources was significantly greater compared to that from urban sources (77.8% vs.
47.2%, p<0.01), but there was no significant difference in the concentration of GNB-NE
in both sample sets. A significant correlation was found between concentrations of
Legionellaand GNB-NE for total MWSS water samples (p<0.001), but not for the total
well water samples. Altogether 34 GNB-E and GNB-NE species and/or genera were
identified in the examined samples, out of which 21 were potentially pathogenic.
Enterobacterspp.,Klebsiella spp.,Serratiaspp., andPantoeaagglomeransvere most
common among GNB-E, whilAcinetobacterspp. and species of Pseudomonadaceae
family predominated among GNB-NE.
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INTRODUCTION drinking, by inhaling droplet aerosol or by dermal
exposure. The best known potential pathogens are

Potable water could be a source of various potentiallyscherichia coliand related Gram-negative species of
infectious microorganisms that could be contracted kiaecal origin belonging to Enterobacteriaceae family,
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usually referred to as “coliforms”, which are commonlysupply system distributing treated (chlorinated) ground-
used as a sanitary indicator of potable water quality [1@ater, pumped from the depth of 40-100 m. The taps were
53, 54]. Important agents of waterborne infectionsquipped with aerators or other endings for better outflow
comprise various genera of Gram-negative bacterad water.

(Legionella Yersinig Salmonella Shigella Campylo-

bacter, Vibrio), mycobacteria, enteroviruses and intestinal Samples of water from urban sources. Altogether, 53
protozoa Giardia, Cryptosporidiun [28, 30] water samples were collected in the years 2003-2005,

Legionella pneumophila and related species areduring the period from May-November, in the city of
fastidious Gram-negative bacteria, developing mostly ihublin (eastern Poland), from outlets of the municipal
water, which may cause in humans atypical pneumoniater supply system (MWSS) distributing treated (chlori-
(legionellosis, legionnaires’ disease) or flu-like illnessated) groundwater, pumped from the depth of 40-100 m.
[10, 17, 52, 64, 70, 71, 72]. People become infected witWater samples were taken into sterile glass bottles of the
Legionellamost often by the inhalation of bacteria-ladewvolume of 700 ml at the following places:
droplet aerosol when bathing [21, 44], taking showers « 11 samples were taken from hot-water taps in 6
[11, 45], performing various occupations [18, 72]pffices and 5 shops.
sprinkling plants [66], and at similar occasions such ase 8 samples were taken from hot-water taps, equipped
exposure to contaminated whirlpool spas [5, 8)ith aerators or other endings, in 8 dwellings.
humidifiers [17, 27] or greenhouse misting systems [79]. ¢ 19 samples of hot water were taken from showerheads
Legionella could be also transmitted by the oral routén 5 following health care units (in parentheses numbers
through drinking water [74] and through traumatized skinf samples): outpatient health care unit A (6), outpatient
or mucous membranes [35]. According to Stetudl. [68]  health care unit B (3), rehabilitation centre (1), pulmono-
potable water supplies that harbouLegionella logy department of a clinic (3), internal department of a
pneumophilaare an important source of community-clinic (6).
acquired legionnaires’ disease. » 15 samples of hot water were taken from the outlets

The aim of the present study was to assess the degoéethe 4 following medical appliances used for hydro-
of contamination of potable water from various rural antherapy in a rehabilitation centre (in parentheses numbers
urban sources, comprising wells and different outlets of samples): underwater manual massage (4), underwater
water supply systems, wiltegionellg Yersiniaand non- vibration massage (3), needle-bath (4), Hubard’s tank (4).
fastidious Gram-negative bacteria belonging and ndthe outlets (nozzles) of investigated medical appliances
belonging to the family Enterobacteriaceae. were equipped with aerators or other endings for better

outflow of water.
MATERIALSAND METHODS
Processing of samples. Water samples were examined

Samples of water from rural sources. 32 samples of for the presence of following Gram-negative bacteria
well water used as potable water for consumption and 2&NB): (a) Legionellg (b) Yersinig (c) non-fastidious
water samples from outlets of municipal water supplaram-negative bacteria belonging to the Enterobacteria-
system (MWSS) were taken in the years 2003-20Q0f%ae family (GNB-E); (d) non-fastidious Gram-negative
during summer months (June-August) in 8 villages (A-Hbpacteria not belonging to the Enterobacteriaceae family
located in the Lublin province (eastern Poland). WatdGNB-NE). For recovery ofegionellg water samples of
samples were taken into sterile glass bottles of the volurBB0 ml volume were filtered through cellulose filters
of 700 ml at the following places: (pores 0.45 pm, Millipore Corporation, Billerica, MA,

« 14 samples of well water were taken immediatelyySA). Filters were washed for 10 min in acid buffer (pH
from 14 private household wells located on farms in 3.2), then rinsed in Ringer solution (Merck, Darmstadt,
villages (A-C). The wells were shallow (mostly of theGermany) and finally placed on the isolation agar
depth of 4-5 m) with a surrounding casing of concrete amdedium. For recovery ofersinig GNB-E, and GNB-NE,

a manual winch. Wells were in a poor hygienic state, Water samples of 100 ml volume each were filtered
out 14 of them were uncovered. They were situated through cellulose filters (pores 0.45 um, Millipore, USA),
close proximity (7-15 m) to animal houses. and finally placed on the appropriate isolation agar

18 samples of well water were collected from taps ahedium.
the 18 private water supply systems conducting untreated
and unheated water from household wells to outlets Isolation and identification of Legionella strains.
within farm buildings located in 6 villages (A, B, D-G). The buffered charcoal yeast extract (BCYE) agar medium
Household wells used as a source of potable water wexgpplemented with the Growth Supplement SR 110 A and
shallow (mostly of the depth of 6-7 m), in a good hygienithe Selective GVPC Supplement SR 152 E (Oxoid,
state, all covered. They were situated in a close proximiBasingstoke, Hampshire, UK) [4, 40, 70] was used for
(7-15 m) to animal houses. isolation of Legionella (further referred to as GVPC

« 22 samples were taken on 22 farms in 5 villages (Bredium). Inoculated agar plates were incubated for 7
D, G, H) from cold-water taps of the municipal watedays at 37°C with everyday check of growth. Colonies of
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Gram-negative bacteria grown after 4-7 days wermounting to 28.6% and 27.8%, respectively (Tab. 1-2).
isolated and examined for ability to grow on media witlhegionellawas recovered with slightly greater frequency
and without cysteine. Strains unable to grow on med{@0.9%) from the outlets of the municipal water supply
without cysteine were considered as suspected Legionedigstem (MWSS) (Tab. 3). The concentrations of
strains. The isolates were determined to the species dradionellain positive water samples from wells, PWSS
serogroup level with the use of thegionellaLatex Test water samples, and MWSS water samples were low,
Kit (Oxoid, Basingstoke, Hampshire, UK) which, on theanging from 1.3-3.3, 4.0-13.3, and 0.7-2.0 ¥ &fu/l,
basis of microagglutination with latex particles sensitisegespectively (Tab. 1-3). Strains of theegionella
with specific rabbit antibodies, enables a separameumophilaypes 2-14 predominated, forming 84.4% of
identification of Legionella pneumophileserogroup 1, total Legionellaisolates from rural sources, while other
Legionellapneumophilaserogroups 2-14, aricegionella species ofLegionella (referred to asLegionella spp.)
spp. (a complex group includind:. longbeachesero- formed 15.6% of the total count. Neithéegionella
groups 1 and 2L. bozemaniiserogroups 1 and 2,. pneumophilatype 1 strains norYersinia strains were
dumoffii L. gormanii L. jordanis L. micdadeiand L. isolated from the examined water samples from rural
anisg [40]. Only isolates giving a positive reaction in thesources.
latex test were considered as strainkegfionella Isolation frequencies of GNB-E from water samples
from wells, PWSS water samples, and MWSS water
Isolation and identification of Yersinia strains. The samples were respectively 71.4%, 77.8%, and 40.9%
Yersinia selective CIN agar medium (Cefsulodin(Tab. 1-3). Concentrations in positive samples were low,
Irgasan® Novobiocin agar) medium with mannitol [4]ranging from 5.0-68.0, 5.0-97.0, and 3.0-130.0 kX cfa/l,
(Merck, Darmstadt, Germany) was used for isolation akspectively (Tab. 1-3). Both isolation frequency and
Yersinia Inoculated agar plates were incubated for 24 hroncentration of GNB-E in total well water samples
at 37°C. Isolates suspected toYmrsiniawere identified (wells + PWSS) were significantly greater compared to
with the microtest APl Systems 20E (bioMérieux, Marcyural MWSS samples (p<0.05, and p<0.001, respectively).
I'Etoile, France). Isolation frequencies of GNB-NE from water samples
from wells, PWSS water samples, and MWSS water
Isolation and identification of GNB-E. The eosin samples were respectively 85.7%, 77.8%, and 72.7%,
methylene blue (EMB) agar (Merck, Darmstadt, Germawhile concentrations in positive samples were low,
ny) was used for isolation of bacteria of Enterobacteriaanging from 10.0-150, 7.0-70.0, and 2.0-120 X df0/I,
ceae family. Inoculated agar plates were incubated for 2dspectively (Tab. 1-3). There was no statistically
hrs at 37°C. The grown colonies were counted argignificant difference between total well water samples
differentiated, and the isolates identified to the species wells + PWSS) and rural MWSS samples in the
genus level with the microtest APl Systems 20Hrequency of occurrence and concentration of GNB-NE.
(bioMérieux, Marcy I'Etoile, France).
Isolation frequency and concentration of GNB in
Isolation and identification of GNB-NE. The tryptic potable water from urban sources. Legionella was
soya agar (bioMérieux, Marcy I'Etoile, France) was userecovered from 50.0% of water samples taken in
for isolation of bacteria not belonging to Enterobacteriadwellings (Tab. 5) and from 33.3% of water samples
ceae family. Inoculated agar plates were incubated for 2aken from the outlets of various medical appliances used
hrs at 37°C. The grown colonies were counted arfdr hydrotherapy in a rehabilitation centre (Tab. 7), in low
differentiated, and the isolates identified to the species ooncentrations, ranging in positive samples from 3.3-4.0
genus level with the microtest APl Systems NEnd 2.3-6.7 x 10 cfu/l, respectively (Tables 5, 7).
(bioMérieux, Marcy I'Etoile, France). Legionella was not found in water samples taken in
offices and shops (Tab. 4) and in water samples taken
Statigtical analysis. The data were analysed by Shapirofrom showerheads in various health care units (Tab. 6).
Wilk W-test for distribution, Mann-Whitney U-test, Both frequencies of occurrence and concentrations of
Spearman’s test for correlation, and Student’s t-test wittegionellain water samples from dwellings or medical
the use of STATISTICA for Windows v. 5.0 packageappliances were significantly higher compared to offices
(StatSoft Inc., Tulsa, Oklahoma, USA). and shops or showers (p<0.05, and p<0.01, respectively).
No significant differences were found between the
samples from dwellings and medical appliances. Similar
RESULTS to the rural environment, strains of tHeegionella
pneumophilatypes 2-14 predominated in water from
Isolation frequency and concentration of GNB in  urban sources, forming 95.5% of totagionellaisolates,
potable water from rural sources. Strains ofLegionella while Legionella spp. formed 4.5% of the total count.
were isolated from the samples taken immediately frofdeither Legionella pneumophila type 1 strains nor
wells and from the private water supply system¥ersiniastrains were isolated from the examined water
distributing well water (PWSS) with similar frequencysamples from urban sources.
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Table 1. Occurrence okegionellaand other Gram-negative bacteria in samples of water taken from wells in 3 villages (14 $a@ueshtration
of bacteria is expressed in cfu x10
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Village A
Well 1 3.2 0 0 0 0 0 0 0 20.0 0 0 0 0 20.0
Well 2 0 0 0 0 0 0 20.0' 0 0 15.0 0 19.0 54.0
Village B
Well 1 0 10.C 4.C 5.C 0 0 19.C 20.0 0 0 0 0 0 20.0
Well 2 0 0 60.C 8.C 0 0 68.C 0 0 0 0 0 0 0
Well 3 0 0 10.C 0 0 0 10.0 0 0 0 0 0 15.0 15.0
Well 4 0 0 0 0 0 0 0 0 8.0 10.0 14.0 0 0 32.0
Village C
Well 1 0 0 3.C 10.C 14.C 0 27.0 20.0 0 0 0 0 0 20.0
Well 2 1.7 8.C 20.C 0 12.C 0 40.0 10.0 0 0 0 0 0 10.0
Well 3 0 0 5.C 0 0 0 5.C 15.0 0 0 0 30.0 0 45.0
Well 4 2.C 0 0 0 0 0 0 0 0 0 0 50.0 0 50.0
Well 5 0 0 30.C 0 0 0 30.C 65.0° 0 0 0 0 0 65.0
Well 6 0 0 0 0 27.C 0 27.0C 30.0 0 0 0 0 0 30.0
Well 7 1.3 0 0 0 30.C 0 30.0 150.0 0 0 0 0 0 150.0
Well 8 0 0 10.C 2.C 10.C 5.C 27.0 0 0 0 0 0 0 0
Total 4/14 2/14 8/14 4/14 5/14 1/14 10/1¢. 8/14 2/14 1/14 2/14 2/14 2/14 12/14
positive (28.6%) (14.3% (57.1% (28.6% (35.7% (7.1% (71.4.%) (57.1%) (14.3%) (7.1%) (14.3%) (14.3%) (14.3%) (85.7%)
Median ( 0 3'5 0 0 0 23.0C 125 0 0 0 0 0 25.0

Mear?  0.6+1.1 1.3+3.2 10.1#16.¢ 1.843.2 6.6210.¢ 0.4+1.5 20.2+19.623.6240.5 2.0£5.6 0.7#2.7 2.1#5.3 5.7+15.0 2.446.2 36.5+38.2

At each site one sample was tak8®; + S.D.; “Acinetobacter calcoaceticudAcinetobacter Iwoffjii Pseudomonaseruginosa ‘Pseudomonas
fluorescens

No Enterobacteriaceae (GNB-E) strains were detectesdmples from dwellings or medical appliances were
in water samples from dwellings (Tab. 5). Isolatiorsignificantly higher compared to offices and shops or
frequencies of GNB-E from water samples from officeshowers (p<0.01). The concentration of GNB-NE in water
and shops (Tab. 4), showers (Tab. 6), and medicsdmples from medical appliances was significantly higher
appliances in a rehabilitation centre (Tab. 7) wereompared to those from dwellings (p<0.05), but there was
respectively 9.1%, 5.3%, and 60.0%, while concentratiom® significant difference in isolation frequency of GNB-
in positive samples were low, being 8.0, 30.0 and 5.0-45NE in both sets of samples.

x 10" cfu/l, respectively (Tables 4, 6-7). Both isolation

frequencies and concentrations of GNB-E in water Comparison of isolation frequency and concentra-
samples from medical appliances were significantltion of GNB in potable water from rural and urban
higher compared to dwellings, offices and shops, arsburces. No statistically significant differences in the
showers (p<0.01). No significant differences were foungolation frequency and concentrationLafgionellawere
between the samples from dwellings, offices and shogeund between water samples from rural and urban
and showers. sources, between total well water samples (wells +

Isolation frequencies of GNB-NE from water sample®WSS) and urban MWSS samples, and between total well
from offices and shops, dwellings, showers and medicafater samples and total MWSS (rural + urban) samples.
appliances were respectively 18.2%, 52.6%, 5.3% arthe isolation frequency dfegionellafrom rural MWSS
100%, while mean concentrations were low, being withiwater samples was significantly higher compared to those
the ranges of 20.0-60.0, 10.0-95.0, 45.0, and 35.0-106.Gram urban MWSS water samples (p<0.05), but there was
10' cfu/l, respectively (Tab. 4-7). Both isolationno significant difference in concentrationlafgionellain
frequencies and concentrations of GNB-NE in watdvoth sets of samples.
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Table 2. Occurrence ofegionellaand other Gram-negative bacteria in samples of water taken from outlets of the private water supply systems
distributing well water on farms in 6 villages (18 samplé@pncentration of bacteria is expressed in cfu’4.10
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Village A
Site 1 0 0 0 0 200 0 0 0 0 0 20.C 250 10.0 0 0 0 350
Site 2 0 0 0 0 0 0 200 0 0 0 20c 0 0 0 0 0 0
Village B
Site 1 0 0 0 0 0 0 0 0 0 0 0 300 0 400 0 0 700
Site 2 0 0 0 0 0 6.0 0 20.c 0 0 26.C 0 0 0 0 9.0 9.0
Village D
Site 1 5.7 0 5i O 0 0 0 0 0 0 0 0 10.0 10.0 0 6.0 26.0
Site 2 0 50 5C O 0 0 0 0 0 0 0 0 30.0 0 10.0 0 400
Site 3 0 0 c o 0 0 0 0 0 0 0 0 90 0 10.0 11.0s  30.0
Village E
Site 1 0 0 0 15.C 20.0 0 0 0 0 0 35( 0 0 0 0 0 0
Site 2 0 0 0 0 19.0 0 0 0 0 0 19.c 0 0 0 0o 78 7.0
Village F
Site 1 0 0 0 0 0 0 37.0 10c 0 100 57 0 0 1406 0 0 140
Site 2 0 0 0 0 0 0 0 60.C 0 37.0 97.( 0 0 0 0 0 0
Site 3 0 0 0 0 0 0 290 30. 0 100 69.C 0 0 0 0 186 180
Site 4 13.3 0 13 0 0 0 7.0 17c 0 100 34c 0 0 0 0 0 0
Site 5 4.0 0 4C 0 0 0 10d 0 0 0 10.c 0 0 0 0 1188 110
Village G
Site 1 5.0 0 5C O 0 50 0 0 0 0 5.C 0 0 0 0o 70 7.0
Site 2 0 0 0 0 190 6.0 0 0 0 0 25¢ 0 0 0 0 166 16.0
Site 3 0 0 0 0 0 0 7.0 20c 0 0 27.c 0 0 0 140 100 240
Site 4 0 0 0 0 0 6.0 0 0 8C 100 24c( 0 0 0 0 0 0
Total 4/18 1/18 5/18 1/1€ 4/1€ 4/1€ 6/1€ 6/1€ 1/1€ 5/1€ 14/1€ 2/18 4/18 3/18 3/18 9/18 14/18
positive* (22.2) (5.6) (27.8) (5.6) (22.2) (22.20 (33.3 (33.3 (5.6) (27.8 (77.8 (11.1) (22.2) (16.7) (16.7) (50.0) (77.8)
Median 0 0 0 o0 0 0 0 0 0 0 22« 0 0 0 0 3.0 125
Mearf 1.5 03 18 0¢ 48 13 64 87 04 43 26 31 33 36 1.9 52 17.1

+35 #1.2 3.6 35 83 +25 #11.z #15¢ #1989 9.2 +26.C 89 76 99 44 6.1 183

* - % in brackets?At each site one sample was takBR; + S.D.; “Enterobacter cloacae’Enterobacter intermediysKlebsiella ornithinolytica
'Klebsiella oxytoca%lebsiella planticola "Klebsiella terrigena 'Acinetobacter calcoaceticu$Acinetobacter lwoffji “Pseudomonas aerugingsa
'Pseudomonas alcaligene$Pseudomonas chlororaphi$Serratia liquefaciens °Serratia marcescens’Aeromonas hydrophila®Burkholderia
cepacia "Chromobacterium violaceurfFlavimonas oryzihabitan&chrobactrum anthropiOligella urethralis “Vibrio fluvialis.

The isolation frequency and mean concentration of Isolation frequency of GNB-NE in water samples from
GNB-E in water samples from rural sources wasural sources was significantly greater compared to that
significantly greater than in water samples from urbafiom urban sources (77.8% vs. 47.2%, p<0.01), but there
sources (respectively 61.1% vs. 20.8%, 17.1 vs. 3.4'x 1@as no significant difference in the concentration of
cfu/l, p<0.001). The GNB-E isolation frequency andsNB-NE in both sample sets. Similarly, the isolation
mean concentration were also distinctly greater in totédequency of GNB-NE in total well water samples was
well water samples than in urban MWSS samplegreater compared to that in total (rural + urban) MWSS
(respectively 75.0% vs. 26.7%, 23.5 vs. 3.4 * df/l, samples (81.3% vs. 54.7%, p<0.05), but there was also no
p<0.00001) and in total MWSS samples (respectivelsignificant difference in the concentration of GNB-NE in
75.0% vs. 26.7%, 23.5 vs. 4.6 x*1fu/l, p<0.00001). No both sample sets. The isolation frequency and concentra-
significant differences in the isolation frequency andion of GNB-NE in total well water samples were
concentration of GNB-E were found between the watesignificantly greater compared to samples from offices
samples from rural and urban MWSS. and shops and showers (p<0.01). In contrast, the
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Table 3. Occurrence of.egionellaand other Gram-negative bacteria in samples of tap water taken from the outlets of the municipal water supply
system on farms in 5 villages (22 samgdleSpncentration of bacteria is expressed in cfu’4.10

Q (3]
Village, o < s —~ (4] = (o] o] S 8 — s IS g «© %] 8 < © 8 =
se 5% 0§ € § § & £ § 82 ggi § = 3§ oE g8
£ s 8 © 5 8 E 3 2% fg =2 £ £ 858 %¢
o S g Q = 8 > 2 & S 29 c N S 2@ ®59d
1S 2 3] g = £ 9 g2 ] > SE 2w
5 <) @ I 5 2 © 0 °© 2 9c £ - € = I
5] @ 5 ] 3 2 = & 2 2c 5] 1o s 2 o=
c - =2 <) w ) Y = £ E£E0Q o} < e o 298
o = > = = = o £ 0 c E = >
o ko Q ¥ 0] L < O > S s O w =
= = < n — = e ° c -
[0} IS Ll < @) S =1 o
5 o 2 K & z
qa; = (T8 o g
- [
Village B
Site 1 1.3 0 1.0 510 0 0 0 0 5C 300 0 0 0 0 70 370
Site 2 1.7 0 1.7 0 0 0 0 0 0 400 0 0 0 0 0 400
Site 3 13 0 1.8 6.C 0 0 0 0 6.C 13.0' 4.0 0 0 0 0 170
Site 4 0 0 C 3C 50 0 0 0 8.C 0 0 0 0 0 0 0
Site 5 0 13 1. 0 0 0 0 4.C 4C 60.0 0 0 0 0 0 60.0
Site 6 0 0 C 0 0 0 0 0 0 1200 0 0 0 0 0 120.0
Village C
Site 1 1.0 0 1.( 0 0 3.C 0 0 3.C 2.0 0 0 0 0 0 2.0
Site 2 13 0 1. 0 0 0 0 3.C 3. 0 0 0 0 0 0 0
Site 3 0 0 C 0 0 0 0 0 0 4.0 0 0 0 0 0 4.0
Site 4 0 0 C 0 0 0 0 0 0 0 0 0 0 0 100 100
Site 5 0 0 C 0 0 0 0 0 0 0 0 0 0 0 2.0 2.0
Site 6 0 0 C 0 0 0 0 0 0 0 0 0 0 0 20.0 20.0
Site 7 1.3 0 1.0 0 0 0 0 0 0 400 0 0 0 0 8.0 48.0
Village D
Site 1 0 2.0 2.( 0 0 0 0 0 0 0 0 30.0 6.0 0 2.0 38.0
Site 2 0 0 C 0 0 0 0 0 0 0 0 9.0 11.0 10.0 0 300
Village G
Site 1 0 0 C 0 0 60.C 70.C 0 130. 0 0 0 0 0 0 0
Site 2 0 0 C 0 0 0 0 0 0 0 0 0 0 0 2.0 2.0
Site 3 0 0 C 0 0 3.C 2.C 0 5.C 0 0 0 0 0 0 0
Site 4 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 0
Site 5 0 0 C 0 0 6.C 0 0 6.C 0 0 0 0 0 0 0
Site 6 0.7 0 0.1 0 0 0 0 0 0 0 0 4.0 0 0 0 4.0
Village H
Site 1 0 0 C 0 0 0 0 0 0 5.0 0 0 7.0 0 0 120
Total 7122 2/22 9/22 3/2z  1/22 4/2z  2/2z  2/2z 9/22 9/22 1/22 3/22 3/22  1/22 7122 16/22
positive* (31.8) (9.1) (40.9) (13.6, (4.5) (182 (9.1) (9.1) (40.9 (40.9) (4.5) (13.6) (13.6) (4.5) (31.8) (72.7)
Median 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 7.0
Mear 04+ 02+ 06+ 064 02: 3341 331 03: 7.7# 143% 02z 20z 11% 05+ 23+ 204+

0.6 0.5 0.7 1.7 1.1 12.& 14.¢ 1.C 27.4 29.1 0.9 6.6 2.9 2.1 49 289

* - % in brackets?At each site one sample was tak&x; + S.D.;°Acinetobacter calcoaceticu®cinetobacter Iwoffii

concentration of GNB-NE in water samples from medicaxamined samples, but not in water samples from urban
appliances was significantly greater compared to all othsources, were significantly smaller compared to GNB-E

sets of water samples, including total well water samplesncentrations (p<0.001). A significant correlation was

(p<0.001). Altogether, the isolation frequencies of GNBfound between concentrationslafgionellaand GNB-NE

NE in total well water samples and in rural MWSS watefior rural MWSS water samples (p<0.05), urban MWSS

samples were significantly greater compared to that imater samples (p<0.001), total MWSS water samples
urban MWSS water samples (p<0.05), but there were (jp<0.001), and total examined water samples (p<0.001),
significant differences in concentration of GNB-NEbut not for the total well water samples. No significant

between those sets of samples. correlation was found between concentrations of
Legionellaand GNB-E for either set of water samples.
Relationships between particular groups of GNB in GNB-NE concentrations were significantly greater than

potable water. Concentrations ofegionellain the water GNB-E concentrations in the rural MWSS water samples
samples from rural sources, urban sources, and in the tqf@0.05), urban MWSS water samples (p<0.001), and
examined samples (both from rural and urban sources}al examined water samples (p<0.001), but not in the
were significantly smaller compared to GNB-NEtotal well water samples. A significant correlation was
concentrations (p<0.0001). ConcentrationsLefionella found between concentrations of GNB-E and GNB-NE
in the water samples from rural sources and in totédr the urban MWSS water samples (p<0.001), but not for
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M Enterobacter spp. B Klebsiella spp. [l Pantoea agglomerans W Acinetobacter spp. W Pseudomonas spp.
O Serratia spp. O Other species/genera O Other Pseudomonadaceae O Other species/genera

A — well water sampled directly from wells and from private system@\ — well water sampled directly from wells and from private systems
supplying well water; B — water from rural MWSS; C — water fromsupplying well water; B — water from rural MWSS; C — water from
urban MWSS sampled in offices, shops and dwellings; D — water fromirban MWSS sampled in offices, shops and dwellings; D — water from
urban MWSS sampled in health care units. urban MWSS sampled in health care units.

Figure 1. Gram-negative bacteria belonging to family EnterobacteriaFigure 2. Gram-negative bacteria not belonging to family Enterobac-
ceae (GNB-E) isolated from various sources of water. teriaceae (GNB-NE) isolated from various sources of water.

the total well water samples, for rural MWSS watefluoresceny and other species of family Pseudomonada-

samples, and for the total examined water samples. ceae Brevundimonas diminutaBurkholderia cepacia
Chryseomonas luteola  Flavimonas oryzihabitans

Species composition of GNB-E and GNB-NE in  Stenotrophomonasnaltophilia) which formed respecti-

potable water. In the total well water samples the mostely 49.8%, 17.4%, and 19.4% of the total count (Fig. 2,

common were GNB-E species of the gerenéerobacter Tab. 1-2).

(E. cloaceagE. intermediuy andKlebsiella (K. ornithi-

nolytica, K. oxytoca K. planticola K. terrigengd which  Table 4. Occurrence ofegionellaand other Gram-negative bacteria in

formed respectively 31.2% and 27.5% of the total Courﬁe’lmples of tap water _taken fror_n _the (_)utlets of the municipal water

while in the rural MWSS water samples pr_edominate@JO'C:f(’:'2}’nst?'§tti§rr']1 Oﬁfbtgft:r'g ;LLXUJ?J'(')” in offices and shops (11 sanfples)

specieKlebsiellaoxytocaand Serratia plymuthica each

of them forming 42.9% of the total count (Fig. 1, Tab. 1- o g8 3 §a g2 5 ST
3). In the urban MWSS water samples from shops, offices a 8% pg= £ Z2&8<
and dwellings the only detected GNB-E species was = g% g °8 &2 S
Enterobacteiintermedius occurring in low concentration, ?C) E E § £ ,—3 = § 2
whereas in the urban MWSS water samples from health 2 g < gg
care units predominate@®antoea agglomerans(syno- g w wE
nyms:Erwinia herbicolg Enterobacteragglomeransand
Serratia liquefacienswhich formed respectively 66.4% Offices
and 33.6% of the total count (Fig. 1, Tab. 4-7)Sitel ¢ 0 0 20.0 20.0
Altogether, the following 14 GNB-E species and/ofite 2 d 0 0 0 0
genera were identified in the examined samples of potal5ié 3 ¢ 0 0 60.0 60.0
water: Citrobacter freundii Enterobacter cloaceag S't€4 g v g 0 0
Enterobacter intermedius Escherichia coli, Klebsiella S'€® q Y v 0 0
ornithinolytica, Klebsiellaoxytoca Klebsiellaplanticola, ~ S'©® . g v 0 0
Klebsiella terrigena Pantoeaagglomerans Salmonella Shops
spp.,Serratialiquefaciens SerratiamarcescensSerratia  Site 1 C 0 0 0 0
plymuthica Shigellaspp. (Tab. 1-7). Site 2 C 0 0 0 0
Among GNB-NE strains, isolated from the examinedite 3 C 8. 8. 0 0
potable water samples, distinctly predominated 2 grougée 4 q 0 0 0 0
of bacteria: ®Acinetobacter strains; e strains of St€5 q 0 0 0 0
Pseudomonasand related genera, belonging to familyTotal 0/11 1/11 1/11 2/11 2/11
Pseudomonadaceae (Fig. 2). In the total well wat@psitve © (1% = (9.1%, (18.2%) (18.2%)
samples, the most common wekeinetobacterspecies Median ¢ v v 0 0
(A. calcoaceticusA. Iwoffi), Pseudomonaspecies s.  Meat ONSRUN- SRS 73£185  7.3:185

aeruginosa Ps. alcaligenes Ps. chlororaphis Ps. Ateach site one sample was tak¥; + S.D.
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Table 5. Occurrence ofegionellaand other Gram-negative bacteria in samples of tap water taken from the outlets of the municipal water supply
system in dwellings of the city of Lublin (8 sampfe€oncentration of bacteria is expressed in cfu™.10

a) [
Site o< S ,_\ S~ S © k%) 2 < g 3=
O = = < = @

T 3 g g5 2 g 3 s 5z 2%

= = 0 oy & = ) 2 S g 2

S ] < S & S 2 < £ = o >

5] c 3 & s c 5 = S & O

£ i<} < o] [s] e o > £ E =

3 2 c S 3 g s} g o s 8

o g S o k= 5 3 S 5 25

a > = [5} 17 o c = s>

© e w < > £ ] n w =

5 3 I 5 i £ 5

g = o = =

g o |9 ® P

2 e 8 &

3 =
Site 1 0 0 ( 0 0 0 0 10.0 0 10.0
Site 2 0 0 ( 0 20.0° 0 0 0 0 20.0
Site 3 0 0 ( 0 10.0 0 0 0 0 10.0
Site 4 0 0 ( 0 0 0 0 0 0 0
Site 5 3.3 0 3. 0 60.0c 0 0 0 0 60.0
Site 6 1.7 17 3. 0 0 35.0 20.0 0 40.0 95.0
Site 7 3.3 0 3. 0 60.0° 0 0 0 0 60.0
Site 8 4.0 0 4. 0 25.0 0 30.0 0 0 55.0
Total positive  4/8 (50.0%) 1/8 (12.5%) 4/8 (50.C  0/8 (0 5/8 (62.5%) 1/8 (12.5%) 2/8 (25.0%) 1/8 (12.5%) 1/8 (12.5%) 7/8 (87.5%)
Median 0.9 0 1. 0 15.0 0 0 0 0 37.5
Mear? 15+18 0.2+0.6 171 0 21.9+253 44124 6.2+x11.9 13+35 50+14.1 38.8+335

3At each site one sample was takex; + S.D.;°Acinetobacter calcoaceticu¥cinetobacter lwoffii

Table 6. Occurrence ofegionellaand other Gram-negative bacteria in samples of tap water taken from showerheads in various health care units
located in the city of Lublin (19 samples). Concentration of bacteria is expressed in éfu x 10

a Q
. . . %) < © —~
Health care unit, sampling sites Number of c = IS § @ ,-S R
samples o = CR=S =] ST
> Q =] 2 ==
9 5 2= g £g
s ) 2 5 g2
k] ) Q £ a0
c 8 o S e o
2 L} Q ° L5
=) Ie} c g c >
g = I 7] w =
o o s~
z
Outpatient health care unit A, sites 1-6 6 0 0 0 0
Outpatient health care unit B, sites 1-3 3 0 0 0 0
Rehabilitation centre, site 1 1 30.C 30.0 45.0 45.0
Clinic, pulmonology department, sites 1-3 3 0 0 0 0
Clinic, internal department, sites 1-6 6 0 0 0 0
Total positive 0/19(C 1/19(5.3% 1/19 (5.3%) 1/19 (5.3%) 1/19 (5.3%)
Median concentration 0 0 0 0
Mean concentration 1.6 +6.¢ 1.6+6.9 24+10.3 24+10.3

In the rural MWSS water samples predominatedhich formed respectively 42.8% and 28.8% of the total
Acinetobacterspecies A. calcoaceticusA. Iwoffi), and count (Fig. 2, Tab. 6-7). Altogether, the following 20
other species of the family Pseudomonadacdak ( GNB-NE species were identified in the examined samples
luteola, Flavimonasoryzihabitans St. maltophilia which  of potable waterAcinetobactercalcoaceticusAcinetobacter
formed respectively 70.1% and 26.5% of the total coutwoffii, Aeromonasydrophila Brevundimonasliminuta
(Fig. 2, Tab. 3)Acinetobacterspecies A. calcoaceticus Burkholderia cepacia Chromobacterium violaceum
A. lwoffii), and other species of family Pseudomonadahryseobacterium meningosepticum Chryseomonas
ceae Ch. luteola Fl. oryzihabitans St. maltophilid luteola Empedobactebrevis Flavimonasoryzihabitans
predominated also in the urban MWSS water sampl€&xhrobactrumanthropi Oligella urethralis Photobacterium
from shops, offices and dwellings, forming respectivelgdamsela Pseudomonas aeruginosa Pseudomonas
63.3% and 23.2% of the total count (Fig. 2, tab. 4-5).  alcaligenes Pseudomonaschlororaphis Pseudomonas

In the urban MWSS water samples from health caftuorescens Pseudomonasputida, Stenotrophomonas
units predominate@?seudomonaspecies ®s. aeruginosa maltophilia, Vibrio fluvialis. In the total examined water
Ps. alcaligenesPs. putidg, and Acinetobacterlwoffii samples, the numbers &f calcoaceticusand A. Iwoffii
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Table 7. Occurrence ofegionellaand other Gram-negative bacteria in samples of tap water taken from the outlets of various medical appliances
used for hydrotherapy in a rehabilitation centre located in the city of Lublin (15 sainlesjentration of bacteria is expressed in cfu’4.10

aQ < @
i i —~ %) 0 © < © 0 c =
Appliance, site 8‘8 < g 0= = g s 8 9 @ 58 s
£ @ g3 T= 9 8 2 £ £ o Z8g
0 £ g oW 2 o 2 3 ) S ®BE s
o = S © 5t Q e [ 2 T S5
O < o)) =) © ) = c 1S Q o g 2
€ o (= =) 2 © o ] 2 % % aun
g 8 8 g S ) g 9] c c o8
c Q T 2 @ L @ 3] Q =] L a
S S = = c < o < £ IS c >
< c o L S e > o o o w =
= © 1) = & > k= <] ° ° Lk
[] o 5 m O ° =] >
5 e g 3 3
(]
)
Underwater manual massage
Site 1 ( 0 6.C 6.C 0 25.0 0 16.0 0 0 41.0
Site 2 ( 0 6.C 6.C 0 25.0 0 35.0 0 0 60.0
Site 3 ( 0 6.C 6.C 0 0 0 26.0 10.0 0 36.0
Site 4 ( 0 6.C 6.C 35.0 0 0 36.0 0 35.0 106.0
Underwater vibration massac
Site 1 2.1 20.C 6.C 26.0 10.0 0 0 0 0 50.0 60.0
Site 2 ( 10.C 0 10.0 15.0 0 0 20.0 0 60.0 95.0
Site 3 ( 10.C 10.C 20.0 20.0 0 0 0 0 60.0 80.0
Needle-bath
Site 1 5.( 0 10.C 10.0 25.0 0 10.0 0 0 60.0 95.0
Site 2 6.7 0 0 0 35.0 0 16.0 0 0 30.0 81.0
Site 3 ( 0 0 0 30.0 0 15.0 0 0 55.0 100.0
Site 4 ( 0 5.C 5.C 10.0 0 17.0 0 0 35.0 62.0
Hubard’s tank
Site 1 3.8 45.C 0 45.0 30.0 0 0 0 0 6.0 36.0
Site 2 6. 0 0 0 25.0 0 0 0 0 10.0 35.0
Site 3 ( 0 0 0 35.0 30.0 0 0 0 0 65.0
Site 4 ( 0 0 0 30.0 10.0 0 15.0 0 0 55.0
Total positive 5/1! 4/1F 8/1F 9/1t 12/15 4/15 4/15 6/15 1/15 10/15 15
(33.3%) (26.7% (53.3% (60.0%) (80.0%) (26.7%) (26.7%) (40.0%) (6.7%) (66.7%) (100%)
Median 0 0 5.C 6.C 25.0 0 0 0 0 30.0 62.0
concentration
Mean 1.6+2.€ 5.7+12.: 3.7#3.6 9.4+12. 20.0+13.2 6.0+11.0 3.9+6.8 9.9+13.7 0.6+2.6 26.7+25.5 67.1+24.5
concentratioh

3At each site one sample was takEx; + S.D.

were similar, forming respectively 53.3% and 46.7% dfigh temperature (over 20°C) and high oxygen content,
the totalAcinetobacteisolates. However, it is noteworthy containing biofilms and amoebae [20, 49, 72]. The
that A. calcoaceticuglistinctly predominated in the well presence of legionellae in hot springs used as a source of
water samples forming 87.0% of totdlcinetobacter potable water was reported [1, 74], but only a little is
strains while A. Iwoffii prevailed in the MWSS water known about their occurrence in cold water springs and
samples, forming 61.7% of totdlcinetobacterstrains. wells. Leoniet al.[33] have not isolatetiegionellafrom
Among Pseudomonastrains isolated from the MWSS wells providing spa water for aerosol hydrotherapy, but
water samples, the predominant species Resudomo- found them in the aerosol generating devices.

nas alcaligenes which occurred abundantly in water The present study demonstrates thaegionellaoccurs
samples from medical appliances and formed 86.1% iof 27.8-28.6% samples of untreated, cold well water used
the total MWSS isolates. By contrast, in well watefor consumption by rural population in eastern Poland in
samples, the speci®s. fluorescensPs. aeruginosaand the concentration of 1.3-13.3 x '16fu/l. Incidence of
Ps. alcaligenesoccurred in similar numbers, forming Legionellain the well water and MWSS water samples
respectively 34.7%%, 30.6%, and 27.8% of the totdtom villages of eastern Poland may explain, at least in

Pseudomonassolates. part, a high (34.3%) prevalence of seropositive reactions
to Legionella antigen among rural inhabitants of this
DISCUSSION region found by us in an earlier work [65]. The results of

the present study are in accordance with those reported by
Bacteria of the genusegionellacolonize a wide range Strauset al.[69] who found by epidemiological interview
of natural and artificial water biotopes, mostly those witthat the non-municipal water supply increases signifi-
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cantly the risk of community-acquired legionellosis in théaking a bath in a hospital [44], by taking a private
state of Ohio, USA. whirlpool bath [21], or by exposure to communal bath
Nevertheless, the results of the present studyater [47].
demonstrate also the presencé.efiionellain the outlets In contrast to some earlier papers [11, 20, 27, 28, 32],
of the municipal water supplying system distributinghis study does not confirm the role of showers in the
chlorinated water, mostly in those where the presence gfreading ofLegionella infection. Altogether, isolation
aerators or other endings in taps or other outlets favourigdquency and/or concentrationlofgionellafound in the
proliferation of legionellae. Such conditions occurred ipresent work in water samples from health care centres is
rural and urban dwellings and medical appliances used f@milar to those reported for a hospital in Canada [39],
hydrotherapy in a rehabilitation centre, wheegionella and lower compared to those reported for hospitals in
was found in respectively 40.9%, 50.0% and 33.3% dfaly [31, 34], Germany [22, 36, 55], Denmark [3], the
samples in the concentrations of 0.7-1.7, 1.7-4.0, and 218etherlands [20], Poland (Warsaw) [48], and the USA
6.7 x 10 cfull, respectively. Nd_egionellastrains were [19]. They are also lower compared to those reported for
isolated from water samples taken from taps in officdsalneotherapy facilities in Poland [27], and eyewash
and shops, which were mostly not equipped with aeratostations in the USA [49]. Until recently, no cases of
and from showerheads in health care centres. Accordingsocomial legionellosis were diagnosed in the health
to criteria quoted by Arnowet al. [2] and Styputkowska- care units examined in the present study.
Misiurewicz and Pancer [72], the concentrations of Yersinig the other fastidious Gram-negative bacterium
Legionella found in the present study in the MWSS watdransmitted by water, was not found in the present study
samples are low, as they do not exceed the levels of 1.0nxthe well and MWSS water samples, in contrast to
10" cfu/l and 1.0 x 19 cfu/l, respectively. However, earlier Polish papers reporting isolationYafrsiniastrains
according to Koolet al. [25], the numbers of cases offrom well water in rural environment [38, 63].
nosocomial legionellosis in Texas, USA correlated better Gram-negative bacteria belonging to the family
with the isolation frequency than with the concentratioknterobacteriaceae (GNB-E) occurred in well water
of Legionellg and thus the results of the present studyamples in numbers similar to those of Gram-negative
indicate the presence of a moderate health risk bacteria not belonging to family Enterobacteriaceae
examined settings. (GNB-NE). By contrast, in water samples from the outlets
The frequency ofLegionella isolation in dwellings, of municipal water supply systems (MWSS), the GNB-E
recorded in the present study, is similar to the valuemimbers were significantly smaller compared to those of
hitherto reported for: Italian dwellings [7, 34], GermarGNB-NE. Most probably this was due to greater
dwellings [36], Polish dwellings (Warsaw) [72], USvulnerability to chlorination, and imperfect adaptation to
dwellings [2], and Finnish apartment buildings [77]; it igpersist and proliferate in specific ecological niches of
lower compared to data reported for Italian hotels [34MWSS, such as aerated taps.
The stated concentrations of legionellae are usually lowerMost of GNB-E isolates from well water belonged to
compared to the above-cited authors [2, 36, 77]. lactose-fermenting strainsE¢cherichia Enterobactey
The common occurrence dfegionellain the water Citrobacter, Klebsielld described as “coliforms”, the
distribution systems of hospitals and other health capgesence of which in quantities equal to or exceeding 1
units has been reported by many authors [11, 19, 25, 28, per 100 ml of potable water (1.0 x*1€fu/l) is not
31, 34, 55], and this bacterium is regarded as a commpermitted by Polish [54] and international [12] sanitary
cause of nosocomial infections which may be transmittadgulations. According to this criterion, 71.9% of well
by potable water through contaminated taps, showemsater samples examined in this study did not meet
inhalators, dental unit waterlines, eyewash stations, sanitary requirements. These results correspond with
bathing appliances [11, 19, 20, 21, 25, 28, 30, 35, 44, 4Bpse reported by Tymczyna and Gotuszka [75] who
49, 51, 55, 71, 72, 73]. These infections could be evokéaund excessive numbers of coliforms in 80-90% of
by the strains belonging td.egionella pneumophila examined wells in southern Poland. The frequent presence
serogroups 2-14 - such as serogroup 5 [44, 51] of GNB-E in well water may be due, at least in part, to
serogroup 6 [11, 21] - which were predominant among tle®ntamination  with  manure and sewage from
Legionellastrains isolated in this study. neighbouring animal houses, and/or with decaying plant
Our results show that the medical appliances used fand animal matter. The water samples from rural and
hydrotherapy, such as needle-bath, Hubard’'s tank orban MWSS were contaminated with coliforms to a
appliance for underwater vibration massage should beuch lesser extent than well water, in 31.8% and 1.9%,
considered as a potential source of infection, either via thespectively.
pulmonary route by the inhalation of droplet aerosol Isolation frequency of GNB-NE in water samples from
generated during treatment [72], or via an extrapulmonaryral sources was significantly greater compared to that
route by direct exposure of traumatized skin tdrom urban sources, but relatively large concentrations of
contaminated tap water [35]. For the possibility ofsSNB-NE were noted in water samples from medical
infection during hydrotherapy remedies indicate thappliances used for hydrotherapy and from tap water in
described in Japan cases of legionellosis acquired Hwellings. Most probably this was due to the fact that the
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nozzles of medical appliances and taps in dwellings attee following species and/or generadcinetobacter
equipped with aerators or other endings for better outflovalcoaceticusAcinetobactetwoffii, Aeromonasydrophila
of water. These gadgets enable the formation of biofilmBurkholderia cepacia Chromobacterium violaceum
and create optimal, oxygen-rich micro-ecologicaChryseobacterium meningosepticum Chryseomonas
conditions for persistence and proliferation of aerobiluteola Citrobacter freundii, Enterobacter cloaceae
bacteria, such as GNB-NE and legionellae. Accordingly, Bscherichia coli, Klebsiella oxytoca, Ochrobactrum
highly significant correlation was found between theanthropi Pantoea agglomerans Photobacterium
numbers of GNB-NE antegionellain the MWSS water damsela Pseudomonasaeruginosa Salmonella spp.,
samples, but not in well water samples where micr&erratialiquefaciens SerratiamarcescensShigellaspp.,
ecological conditions were different. This finding is inStenotrophomonasmaltophilia, Vibrio fluvialis [78].
accordance with that of Zietet al. [79] who described Some of these pathogens, such Asinetobacter
parallel occurrence ofegionella and Pseudomonasn calcoaceticus Aeromonas hydrophila Pseudomonas
greenhouse watering systems, and with the observatiaeruginosa and Stenotrophomonashaltophilia are often
made by Koideet al. [24] that the multiplication of isolated from water and have been identified as a cause of
Legionella was supported by a strain &seudomonas waterborne infections by drinking water, as well as by
vesicularis By contrast, it does not confirm the lack ofcontact with skin or inhaling of droplet aerosol [30, 50,
correlation betweerlLegionella and Pseudomonadaceaesh6, 67]. Acinetobacter calcoaceticus a predominant
stated in MWSS water samples in Italy [34], similar to thepecies among GNB-NE recovered in this study, may
inverse correlation betwedregionellaand other Gram- cause skin and wounds infections, pneumonia,
negative  bacteria or betweenlLegionella and endocarditis, meningitis, urethritis, and other ailments
Pseudomonaseruginosain shower water samples that[67]. Aeromonashydrophilg isolated in this study from
was reported by Leort al. [32]. On the contrary, in our well water, is a known fish pathogen which may cause in
MWSS samples, Pseudomonadaceae were one of themans bacteremia, gastroenteritis and wound infections
main GNB-NE components and contributed to the overadffter contact with contaminated water [56, 67, 78].
positive correlation of GNB-NE withLegionella Rylanderet al. [58] described cases of gastroenteritis in
Moreover, a separate positive correlation could be fourstwage workers after inhaling a droplet aerosol
between Pseudomonadaceae dmpionella (p<0.05). contaminated wit\. hydrophila
These results could well be explained by the fact that bothinhaling of droplet aerosol from water contaminated
Pseudomonadaceae abdgionellagrow well in similar with various species of Gram-negative bacteria at bathing,
aerobic niches constituted by water aerators. In an earltaking hydrotherapeutic remedies, exposure to polluted
work, Stojek [67] found much greater isolation frequencihiumidifiers, misting fountains, or similar sources of
of Gram-negative bacteria in water from indoor tapbioaerosol could also be a cause of allergic and/or
equipped with aerators or other endings than in outdomnmunotoxic diseases [26, 46]. These diseases, such as
taps without these gadgets (80.0% vs. 44.4%). In thédlergic alveolitis or toxic alveolitis [26], are less known
context, it is noteworthy that Webet al. [76] described compared to infectious ones and are often underestimated.
cases of nosocomial infections caused byhey are evoked, among other factors, by various species
Stenotrophomonasmaltophilia which colonized tap of Gram-negative bacteria that produce biologically
aerators in the patients’ rooms, and contaminated potalpletent allergens, endotoxin and other toxins [16, 42, 43,
water. Our results support the recommendations of the4@]. Some of these species were isolated in relatively high
authors that consideration should be given to routineumbers from potable water in the course of this study.
disinfection or removal of the aerators. Thus, the frequently isolated speciekcinetobacter

Numbers of GNB-NE in the examined samples ofalcoaceticusvas experimentally identified by Skérska as
potable water were relatively low, distinctly below thea producer of potent allergens and endotoxin [60, 61].
permissible values for total heterotroph (Gram-negativ€lebsiella oxytoca a coliform pathogen isolated in this
and Gram-positive) bacteria (2.0 x*400 x 1Gcfu/l)  study from well water and rural MWSS water samples,
recommended by Polish [54] and international [50jvas identified as a cause of allergic alveolitis after
regulations. They were much lower compared to thepeated exposure to contaminated aerosol from a home
numbers ofPseudomonaspp. detected by Zietet al. humidifier [23]. Pseudomonadluorescens a bacterium
[79] in greenhouse watering systems and by Paszkiselated in this study from well water and rural MWSS,
Kolva et al. [49] in eyewash stations, compared to thevas implicated as a causative agent of allergic alveolitis
numbers of Pseudomonadaceae found by Leoal.[33] in workers exposed to oil mist in metallurgic industry
in water used for aerosol hydrotherapy, and compared faxilities [6].
the numbers of GNB-NE found by Botzenhatral. [9] in Another potentially pathogenic species Bantoea
MWSS water samples from hospitals. agglomerangsynonyms:Erwinia herbicolg Enterobacter

Out of 34 GNB-E and GNB-NE species and/or generagglomerany isolated in the present study commonly
isolated from the samples of potable water examined from the samples of water from wells and medical
the present study, at least 21 were reported as obligatagypliances. This epiphytic bacterium occurs abundantly in
or opportunistic agents of infectious diseases. These aieborne organic dusts [14, 16, 62], possesses strong
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endotoxic and allergenic properties [13, 15, 41, 42, 57, 12. Council Directive 98/83/EC of 3 November 1998 on the quality

59] and was identified as a cause of allergic alveolitis argcgll";";‘gggg;%”%’fs 4f°r human - consumptio®. J Eur Comm L

other diseases due to exposure to the dust [29, 37, 43]. 13. Dutkiewicz J: Studies on endotoxins Exiwinia herbicolaand
their biological activityZbl Bakt Hyg | Abt Orig AL976,236, 487-508.
CONCLUSIONS 14. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. .
Environmental studie#rch Environ Health1 978,33, 250-259.
. 15. Dutkiewicz J: Exposure to dust-borne bacteria in agriculture. I1.
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