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Abstract:

[Background] Legionella pneumophila is found extensively in natural water bodies and artificial
water environments, and can cause serious Legionnaires' disease. There are limited studies on
the influencing factors and control strategies of Legionella pneumophila.

[Objective] This study investigates the status of Legionella pneumophila contamination and
potential influencing factors in cooling water of central air conditioning system in public transport
buildings, aiming to provide scientific evidence for risk control of Legionella pneumophila in
cooling towers.

[Methods] A total of 174 water samples were collected from 121 cooling towers in public
transport buildings in the selected city from September to October in 2018 and from August to
September in 2019 based on convenient sampling. Legionella pneumophila colony and serotyping
were detected in the water samples. Nine water quality indicators were analyzed simultaneously,
including the total number of colonies, color, turbidity, conductivity, total dissolved solids,
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pH, iron, water temperature, and free residual chlorine. The information about cooling tower surrounding environment and operation
management was collected by on-site inspection. Chi-square test and multiple logistic regression were used to analyze the influences of
water quality, disinfection methods, and management companies on the positive rate of Legionella pneumophila.

[Results] Of the 174 cooling water samples, 83 samples were Legionella pneumophila positive, with a total positive rate of 47.70%;
7 serotypes were detected, of which the dominant Lp1 accounted for 59.04% of the positive samples. The Chi-square test results showed
that under different conditions of water temperature, free residual chlorine, total dissolved solids, and iron, the differences in the
positive rate of Legionella pneumophila were statistically significant (P<0.05); there was also a significant difference in the positive rate
of Legionella pneumophila in cooling towers under the management of different operating companies (P<0.05). Further multiple logistic
regression analysis results showed that water temperature (OR=1.250, 95% Cl: 1.111-1.407) was the major risk factor for being Legionella
pneumophila positive. Compared with company A, cooling towers managed by companies B, C, and D were more likely to be detected
Legionella pneumophila positive (OR=3.704, 95% Cl: 1.264-10.855; OR=3.088, 95% CI: 1.057-9.019; OR=2.708, 95% Cl: 1.190-6.164).

[Conclusion] Legionella pneumophila contamination exists in the cooling towers of public transport buildings in the selected city. Water
temperature control and effective management measures are key to the reduction of the growth and spread of Legionella pneumophila.
Taking comprehensive measures at both technical and management levels is the best strategy for the risk control of Legionella
pneumophila in central air conditioning cooling water system of public buildings.

Keywords: Legionella pneumophila; central air conditioning system; cooling water; influencing factor; public transport building
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Table 1 Descriptive statistics of indicators related to water
quality in cooling towers of public transport buildings in a city

in 2018-2019 (n=174)

Ei=tn Min M Max
KR /°C 18.60 26.88° 35.30
pH 6.63 8.12° 9.11
EEE$/ (CFUmL™) 0 253 >300
BE/E 5 5 35
SESHE /NTU 0.10 0.55 26.10
B/ (uS-cm™) 309 1029 11900
AR S EIARE / (mgL?) 103 1511 11000
HIRE/ (meL™) 0.0016 0.0380 0.5520
TEEMREURE/ (mgL?) 0.00 0.14 20.00
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ITEERER RGN, FAMKEE 83 4, PAMZR 47.70%.
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Lp1 BYAYIN ISR HEb 9 30.12% (25/83) 0 ¥ MER 20

2 2018—2019 FAHIRZIBEN A FIEEERFE MDA
HIFIZR (n=83)
Table 2 Serotypes of Legionella pneumophila in cooling towers of
public transport buildings in a city in 2018-2019 (n=83)

g% L IRkt /%
Lpl 49 59.04
Lp3 1 1.20
Lps 2 2.41
Lp6 3 3.61
Lpl. Lp3 2 2.41
Lpl. Lp4 2 2.41
Lpl. Lp5 3 3.61
Lpl. Lp6 13 15.66
Lpl. Lp7 4 4.82
Lpl. Lp8 1 1.20
Lp5. Lp6 1 1.20
Lp5. Lp7 1 1.20
Lp6. Lp7 1 1.20
ait 83 100.00
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%3 FRAMEKREROEHEDDLNER (1=174)
Table 3 Legionella pneumophila contamination in cooling towers
under different water quality conditions (n=174)

IERE A ENLER

A% Gt T Km0 P

(K /%) (& /%)

KR /°C 16.89 <0.001

<25 46 (26.44) 10 (21.74) 36 (78.26)

>25 128 (73.56) 73 (57.03) 55 (42.97)

pH 0.02 0.890

<8.12 85 (48.85) 41 (48.24) 44 (51.76)

>8.12 89 (51.15) 42 (47.19) 47 (52.81)

HEURTRE/ (mel?) 9.54  0.002

<0.05 31(17.82) 7 (22.58) 24 (77.42)

>0.05 143 (82.18) 76 (53.15) 67 (46.85)

BE/E 0.25 0.620

<15 142 (81.61) 69 (48.59) 73 (51.41)

>15 32 (18.39) 14 (43.75) 18 (56.25)

SESHEE /NTU 0.18 0.670

<1 121 (69.54) 59 (48.76) 62 (51.24)

>1 53 (30.46) 24 (45.28) 29 (54.72)

S/ (uS-cm™) 0.19 0.660

<1029 89 (51.15) 41 (46.07) 48 (53.93)

>1029 85 (48.85) 42 (49.41) 43 (50.59)

BRI BBIRE/ (mgL?) 461 0.032

<1000 58 (33.33) 21 (36.21) 37 (63.79)

>1000 116 (66.67) 62 (53.45) 54 (46.55)

BORE/ (mg:L?) 9.26 <0.001

<0.038 86 (49.43) 31 (36.05) 55 (63.95)

>0.038 88 (50.57) 52 (59.09) 36 (40.91)

ES& R/ (CFUmLY) 112 0.290

<100 50 (28.74) 27 (54.00) 23 (46.00)

>100 124 (71.26) 56 (45.16) 68 (54.84)

x4 FRZLHANBEEBERNEMEARCHER (n=174)
Table 4 Legionella pneumophila contamination in cooling towers
under different management methods (n=174)

8 STEL PERHZE B E I MLE )
: (RREE /%)t (/%) SFiat (/%)
L(SEy b 0.00 0.980
88 69 (39.66) 33 (47.83) 36 (52.17)
Nz 105 (60.34) 50 (47.62) 55 (52.38)
EIRNF) 8.77 0.030
A 45 (25.86) 13 (28.89) 32 (71.11)
B 26 (14.94) 15 (57.69) 11 (42.31)
C 24 (13.79) 13 (54.17) 11 (45.83)
D 79 (45.40) 42 (53.16) 37 (46.84)
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Table 5 Factors associated with Legionella pneumophila
contamination in cooling towers by multiple logistic analysis

(n=174)

B} b S Wald x° OR 95%Cl P
KiE 0223 0060 13673 1250  1.111~1.407  <0.001
NE A = = 7.937 = = 0.047
AT B 1310  0.549 5700  3.704  1264~10.855  0.017
AT C 1127 0547 4250  3.088  1.057~9.019 0.039
AT D 0.996  0.420 5636 2708  1.190~6.164 0.018
EHEIM -6.930 1698  16.655  0.001 — <0.001
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