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Corresponding Analysis of the distribution of Legionella species in public water systems and
Su-Jeong Hwang, Researcher investigation of the degree of contamination are the best ways to establish a
Busan Metropolitan City Institute of preemptive management system that can respond quickly in the event of an
Health & Environment, 120, outbreak. In this study, distribution of Legionella species isolated from public
Hambakbong—ro 140 beon-gil, Buk-gu, water systems in Busan facilities from 2013 to 2022 was analyzed. Culture and
Busan 46616, Republic of Korea PCR methods were performed for 15,161 environmental water samples collected
Phone :@ +82-51-309-2824 from public water systems including buildings, hotels, shopping centers, hospitals,
E-mail : kies98@korea.kr public baths, and welfare facilities. Of these samples, a total of 2,156 strains

(14.2%) of Legionella species were detected. A total of 1,512 (70.1%) isolates of
L. bneumophila were obtained and non-L. pneumophila species were identified
in 468 strains (21.7%) with 176 (8.2%) strains showing co-detection. Legionella
species were detected in different facilities, including public baths (19.4%),

Received : September 22, 2023 hotels (19.3%), ships (18.6%), buildings (14.2%), hospitals (12.1%), welfare
Revised : November 28, 2023 facilities (9.8%), others (9.3%), and shopping centers (9.0%). Detection results
Accepted : November 29, 2023 for water sources included hot water (19.9%), cooling tower water (15.3%),

tank water (11.3%), cool water (8.2%), and others (7.6%). Legionella species
were detected mainly in summer, although statistically significant differences in
detection among different seasons were not found. High colonization was more
frequently detected in water sources from cooling tower water in buildings and
hot water in public baths. These results might be useful for preventing and
No potential conflict of interest relevant controlling future outbreaks of legionellosis.
to this article was reported.
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Table 1. List of sampling site

No. of samples

Cooling tower water Hot water Cool water Ship water Tank water Others Total

Buildings 2,377 63 39 0 68 49 2,598

Public bath 32 2,034 1,465 0 126 66 3,723

Welfare facilities 4 605 593 0 87 7 1,296
Ship 9 0 0 432 0 0 441
Shopping center 816 7 7 0 1 11 842
Hotels 158 138 99 0 83 5 483

Hospitals 396 2,365 2,206 0 303 120 5,390
Others 10 3 3 0 0 372 388

Total 3,804 5,215 4,412 432 668 665 15,161
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Table 2. The sequence of primer sets used in this study

Primer Sequence (5-3) Target genes Product size Reference
Pl.2 AGG GTT GAT AGG TTA AGA GC
16S rRNA 386bp 11)
Cp3.2 CCA ACA GCT AGT TGA CAT CG
Lpm-1 GGT GAC TGC GGC TGT TAT GG .
mip 630bp (12)
Lpm-2 GGC CAATAG GTC CGC CAA CG

AR edetst 22 & 53

=

LHAZAA 1 LE 0.45 m HEH QI ZE{(MF-Milipore™, Merck, Darmstadt, Germany)E AF2510] O{2HA|ZI CFS, O{utx|E HRE
234 20 mof HEH5I0] EQict 0|2 527t 220 22| L 50ToAM 30272t xj2st £ 0|2 AU =2 FYCt AW 100uE
Glycine Vancomycin Polymyxin Cycloheximide (GVPC, bioMerieux, France) HiZ|0f| =2t 5t &, 0|2 90% & =7} R2|&= 35T
HHQEZ (O A 10U ZE HYQE - ZH2ISIRICH, BHQF 3 SRE A2t A2 & HAH2Z IlNY N SSot0 3|HMol Y S e 7 3
28 1214 o2 MEHSBIN Buffered charcoal yeast extract (BCYE) (Difco, Detroit, MI, USA) 2! BYCE-Cys (L-cysteine O|& &) 2424
o HiZ|0f SA| HZotRACH BCYE BHA|O| M= & stA| 2k BYCE-Cys HIZ|O|M & 22t2| Rote HS 23422 MElsI D 0| 2

2|dletFo2 2 A5 (2, 10).

Y dFE SEEAHUMELS(PCR, polymerase chain reaction)2 S5t0] RHAE &QI5tH 2|5 SYSIFCE FUAL &Rl A| AL
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Fig. 1. Isolation status of Legionella species, 2013-2022.
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Table 3. Number of samples resulting positive for Legionella species by year, geometric mean (Logio) and descriptive statistics

Year Pos./Tot. (%) Mean (£SD) Min 25" Percentile  Median  75™ Percentile Max
2022 246/1,839 (13.4) 2.99 (£0.76) 2.30 2.30 2.90 3.60 534
2021 230/1,692 (13.6) 3.09 (£0.79) 2.30 2.30 3.08 3.75 6.15
2020 229/1,610 (14.2) 3.03 (£0.84) 2.30 2.30 2.90 3.76 5.86
2019 370/2,264 (16.3) 2.94 (£0.71) 2.30 2.30 2.78 3.41 5.40
2018 261/1,799 (14.5) 2.96 (£0.73) 2.30 2.30 2.90 3.41 5.05
2017 412/2,454 (16.8) 2.85 (+0.65) 2.30 2.30 2.78 3.30 493
2016 144/1,128 (12.8) 2.92 (£0.79) 2.30 2.30 2.78 3.51 543
2015 117/804 (14.6) 3.08 (£0.71) 2.30 2.30 3.00 3.75 5.25
2014 57/766 (7.4) 2.83 (¥0.57) 2.30 2.30 2.78 3.26 4.46
2013 90/805 (11.2) 2.91 (£0.69) 2.30 2.30 2.78 3.56 462
Total 2,156/15,161 (14.2) 2.96 (+0.74) 2.30 2.30 2.90 3.53 6.15
SD, standard deviation; <2.30 log CFU/L, detection limit.
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2015 E 84
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2013 80 :
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O co-isolation

Fig. 2. Bar chart showing percentage of Legionella species detected by year. The number in each bar means the number of isolates.
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Table 4. Legionella species detection status by season

Season Month No Positive case, Positive case of Legionella species, n (%)
' n (%) L.pneumophila Non-L.pneumophila species Co-isolation
Mar 217 2(10.1) 17 (7.8) 3(1.4) 2(0.9)
Spring Apr 128 9(14.8) 8 (14.1) (0.8) (0.0)
May 250 8(15.2) (11 6) 5(2.0) 4 (1.6)
total 595 9(13.3) (10.8) (1.5) (0.2)
Jun 2,138 261 (12.2) 191 (8.9) 54 (2.5) 16 (0.7)
Jul 4,026 546 (13.6) 344 (8.5) 147 (3.7) 55(1.4)
Summer
Aug 3,098 500 (16.1) 357 (11.5) 113 (3.6) 30(1.0)
total 9,262 1,307 (14.1) 892 (9.6) 314 (3.4) 101 (1.1)
Sep 2,583 395 (15.3) 302 (11.7) 73 (2.8) 20 (0.8)
ell Oct 790 124 (15.7) 89 (11.3) 23(2.9 12 (9.7)
Nov 1,165 154 (13.2) 98 (8.4) 32(2.7) 24.(2.1)
total 4,538 673 (14.8) 489 (10.8) 128 (2.8) 56 (1.2)
Dev 453 0(13.2) 48 (10.6) 8 (1.8) 10 (2.2)
, Jan 160 18 (11.3) 14 (8.9) 2(1.3) 2(1.3)
Winter
Feb 154 9(12.3) 11(7.1) 7 (4.5) 1(0.6)
total 767 7 (12.6) 67 (8.7) 17 (2.2) 13(1.7)
Table 5. Case counts and percentages of Legionella species detected by facilities and water sources
No. of samples / No. of isolates (%)
Cooling tower Hot water Cool water Tank water Other Total
Buildings 2,379 359 (15.1) 63 0(0.0) 39 12.6) 68 8(11.8) 49 - 2,598 368(14.2)
Public 3 8(250) 2034 516(254) 1465 174(119) 126 17(135) 66 8(12.1) 3723 723(19.4

}’;’Cel'lff‘lges 4 3(750) 605 90(149) 593 32(54) 87 1(11) 7 1(143) 129 127 (9.8)

Ship 9 1(11.1) - - - - 432 81(18.8) - - 441 82 (18.6)
Shopping . _ -
conters. 816 72 (8.8) 7 4 (57.1) 7 1 11 842 76 (9.0)
Hotels 158 51(32.3) 138  27(19.6) 99 10(10.1) 83 5.0 5 - 483  93(19.3)
Hospitals 396 87 (22.0) 2,365 404 (17.1) 2,206 143(6.5 303 12(4.0) 120 5(4.2) 5390 651(12.1)
Others 10 2 (20.0) 3 - 3 - - - 372 34(9.1) 388 36 (9.3)

Total 3,804 583(15.3) 52215 1,040(19.9) 4,412 360(8.2) 1,100 124 (11.3) 630 48(7.6) 15.161 2.156 (14.2)
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Table 6. Detection results of Legionella species by the level of colonization

No. of samples with level (CFU/L) of colonization (%)

Year

<1.0x10° >1.0x 10’
2013 53(58.9) 37 (41.1)
2014 (54.4) 6 (45.6)
2015 58 (49.6) 9 (50.4)
2016 8(61.1) 6 (38.9)
2017 260 (63.1) 152 (36.9)
2018 158 (60.5) 103 (39.5)
2019 218 (58.9) 152 (41.1)
2020 130 (56.8) 99 (43.2)
2021 112 (48.7) 118 (51.3)
2022 138 (56.1) 108 (43.9)
Total 1,246 (57.8) 910 (42.2)
700 -
600 | OOthers E Hospitals
COHotels mShopping centers
500 - O Ship m Welfare facilities
O Public baths H Buildings
£ 400
=
<
= 300 -
L
o
7 200
100
0 f s 0
<1.0x10° >1.0x10° <1 0x103 >1 (}xm3 <1. 01103‘ >1.0x10° <. l)xIU’l >1.0x10°| <1.0x10% | >1.0x10°
Cooling tower water Hot water Cool water Tank water Others

‘Water sources

Fig. 3. Level of Legionella species colonization from cooling tower water, hot water, cool water, tank water and others in facilities.
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DISCUSSION
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