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Meta-Analysis of Risk Factors for Contamination of Environmental
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To identify risk factors for Legionella contamination, water quality variables routinely measured in examination of
natural and city waters were meta-analyzed for significance of correlation to Legionella incidences. For evaluation
of abundance of Escherichia coli as a risk factor, which is currently used as an indicator of Legionella contamination
in an official guideline in Korea, odds ratio (OR) of above-cutoff total coliform counts for Legionella
presence/absence was used as the effect size in the meta-analysis. The OR was estimated as 1.05 (0.36-3.12, 95%
CI), and the probability of having identical odds reached 0.92. Also, ORs from individual studies showed significant
heterogeneity (P=0.008), which contributed to 63% of total variance of the ORs. In the case of heterotrophic plate
count (HPC), the OR for Legionella presence/absence was 2.72 (2.04-3.63) with highly significant deviation from
identical odds (P<0.0001). ORs from different studies were seemingly homogeneous (Qqt—s=12.7, P=0.12). Turbidity
and concentrations of chlorine, iron ion and cupper ion were other routine variables that could be considered as risk
factors. However, statistical measures from different studies were not uniform enough to develop an appropriate
effect size while the number of studies reporting the variables was also small (3-5). In conclusion, HPC appeared to
be appropriate as indicator of Legionella contamination, rather than fecal bacteria contamination. HPC may imply
abundance of habitats (amoebas and biofilms) of Legionella in water. This result wamrants further studies for
standardizing protocols and cutoff values to infer Legionella risks from HPC.
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Table 1. Characteristics of studies in described the literatures subjected to meta-analysis in this study

SN Source Location Water Method n Variables measured

1 Bargellini ez al. (2011) Heated water; Italy Heated water Culture 408 HPC, Fe, Cu

2 Choetal (2011) Rivers; Korea River water PCR 96 coliform, turbidity

3 Edagawa et al. (2008) Public buildings; Japan Heated water PCR/Culture 130 HPC, turbidity, chlorine, Fe, Cu
4 Hsu et al. (2006) Hot spring; Taiwan Spring water PCR/Culture 91 HPC, coliform

5 Hsuetal (2009) Mud spring, Taiwan Spring water PCR/Culture 34 HPC, coliform, turbidity

6 Huang et al. (2010) Recreation facilities; Taiwan  Spring water PCR/Culture 72 HPC, coliform, turbidity

7 Kim et al. (2003) Cooling towers; Korea Cooling water PCR/Culture 68 turbidity, chlorine, Fe, Cu

8 Mouchtouri et al. (2007) Hotels; Greece Heated/cold water  Culture 385 HPC, coliform, chlorine

9 Park et al. (2007) Rivers, Treated water; Korea  River/treated water PCR 92 HPC, coliform, turbidity

—_
(=)

Qin et al. (2013) Spring water; China

11 Serrano-Suarez et al. (2013) Hotels, nursing homes; Spain  Heated water

Cooling water

Culture
PCR/Culture

96 HPC, coliform, chlorine
231 HPC, Fe

“n =no. of water samples used in each study
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7%, dAedete Hele AHEeERY JJE g2y,
100 mI% 200 CFU o]4+e] thatto] A&H Ewol -85l tist
AXRE FEE ARl 2L stal qit. o]= R ¢
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RE Model - RE Model L 4
T T 1 T 1 T T T T 1
-8.00 -4.00 0.00 4.00 -4.00 0.00 4.00

Log Odds Ratio

Log Odds Ratio

Fig. 1. Forest plot showing natural logarithms of odds ratios and their 95% confidence intervals for Legionella in water. (A) odds ratios for
Legionella-positivity when concentration of coliform bacteria was above the cutoft values (CFU per 100 ml) shown in parentheses. The sources
of data were presented with author name followed by year of publication at the left side of the plot. (B) odds ratios for Legionella-positivity,

determined by heterotrophic plate counts.
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T81, g F o2 Fredete o qHE B en
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20 FAH 47 AFENA & 2 23 FHJch Hsu er al
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7} A &g AASFA AL, Kim er al. (2003)9] 72, HA|
edzte] £ 7K o2 A& st AR TR gw
ol AEN=E At 28y Edagawa et al. (2008)9] =
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FZHA} TS AlFstg e e 2, B2 mean difference; MD)
£ 5337]|2 ke ey qho] 71539t 4, Hsu er al.
(2009)9] A= E 24 WEL A7 F AJHA A=
S5 o2 stglong, gr o go|wrt ule AsHA U
Efytet. o] A4t g AR oA AAHE MDE= -5,490 (-12,500
-1,520; 95%CI 2 th2 47) A3 A o) H]ste] FA3] 2 F2
°] MDE H th(Fig. 2). WA, o] gt HeEHEA2 Hsu

Cho etal, 2011

Edagawa et al, 2008 -
Kim et al, 2003 (Culture) L]
Kim et al, 2003 (PCR) [ |
RE Model §-

[ I I T | T 1
-40.00 -20.00 0.00 20.00

Mean Difference

Fig. 2. Forest plot showing mean differences of turbidity and their
95% confidence intervals. Mean difference represents difference of
mean turbidity of Legionella-positive samples from that of
Legionella-negative samples.
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olo] AL Aset SF A 15 S o,
B Eet Aol A A9 Bl
1 oh|ThAllen e al., 2004). SHAIEE, F5GPA 4T} 5
o] W%-2 whgahs 224 S-B(operational tool)o] &
Fob A4 A48 0.2 SRIEItk(Sartory, 2004). 42| 4
HEo) pxom AUt Alge) BE A% 54 Y

g

oo

2

FTEYEATFL B2 A7) $=49] 485 (carrying capacity)
of 2t Hol, 4T F=E FAISH drt. &, FeHEE e
2 ZLHQENFTE FAY Al 8 sEeE i = UL

o, Alet 858 0] 2 FAl= ofmube] A 38k A
EE IAY 70l o mEbA, F5FEAE HA
ekt Ao]ols &G FANESTL S7HEEE FH e dete
A 21A (oFruker AEIH7F SRt kA7 %
Hh, 23 Ao EA HlA e dete] e g ol 2
HHA JAAAA7F ENE A o2 2R et
FTEHYHAHESTE AR e det LEE ARE ANl A
1 4 Qe 9He SEITAETTE ANE AR o
ek ez S ke A olth(Reasoner, 2004). HiZ]| 9] F
., iR, Wi FAIZE, HELH FollAl o2 7HA] derksA
o] Q7] WiZoltt. & A2 viekZA A, o Apo|HE2
Aedet eFEe & o]dE R g AR Ho
o, R edet e NEZA FEYFAET ST
W8S dAsHA 2238 ANRITHE, $&5YYAIE= ©

o



428 Young-Gun Zo

% A e AX oW 0P NEA} B 4 e ol
A9 ] weas) W, Sl WA BU F4APAE
S AR FAGEE AP A7/t Fo R WP olor T R
olct.

Ja
0

g2 e deitol o3t JFAAH Y A D ZF A 859
LAEE AT AEE 4 Qe L9 ARE TAHeR
A== SAFE SN ARt e BH o=, thget =49
A& AFES] g edet LHES o= A= {35
AEEAE D= Aol B3 HEEAE AAsH S 5Y
AT oA HRYHH L= AFATE A

I Y= WY A, ST e Rede dE
of H.0] wx}H|(odds ratlo; OR)Z EA3}l¥ =], 2AHH|E= 1.05
(0.36-3.12,95% CI) 2, 2 Z2] z}o|7} 9& EE-0] 0.92¢] Z3}
aot. £, ST ARE fYT 29 AT oldE
B .om(P=0.008), F&AAQ A&7t o]d o] AA| nx}H|
HEFO 63%E A StAtE FEFAETHPC) S| wxpu| 7}
2.72(2.04-3.63)2 1 X} o §9]5}A =9+31(P<0.0001), A}
27b o]d Aol YATHQurs=12.7, P=0.12). B1=9} AT
A} 2] o] 29 & o At HEol el A =
AtEl = A ATE|If oY, Aaapl] RE3 A AR
TUAH oz AQS vetEAo] 3 2 4 gISith 223
o2, EHdY 2dE B, 5 A det AR (ohHE
o B Y S BASE LGP R A2 dete)
LHE AR %“l%] U AR AR EH, AF o %
2319} AAGE VRS T4 @77} BRI,

2Ate) o

o] =82 20138 = FA e SheAH| A Yo 25t
ATE NS

)
rak

k!

Allen, MLJ., Edberg, S.C., and Reasoner, D.J. 2004. Heterotrophic plate
count bacteria?-what is their significance in drinking water? Int. J.
Food Microbiol. 92, 265-274.

Bargellini, A., Marchesi, L, Righi, E., Ferrari, A., Cencetti, S., Borella,
P, and Rovesti, S. 2011. Parameters predictive of Legionella
contamination in hot water systems: association with trace elements
and heterotrophic plate counts. Water Res. 45,2315-2321.

Borenstein, M., Hedges, L., Higgins, J., and Rothstein, H. 2005.
Comprehensive Meta-Analysis. Biostat, Englewood, NJ, USA.

CDC Korea. 2012. Guideline for Management of Legionnaires’ Disease.

Center for Disease Control and Prevention, Korea, Osong, Korea.
Cho, K.S., Kim, S.B., Park, D.S., Ahn, T.Y., and Yu, B.C. 2011.
Development of Surveillance Technology for Harmful
Microorganisms in Environments under Climate Change. National
Institute of Environemental Research Korea, Incheon, Korea.

Diederen, B.M.W. 2008. Legionella spp. and Legionnaires' disease. J.
Infect. 56, 1-12.

Edagawa, A., Kimura, A., Doi, H., Tanaka, H., Tomioka, K., Sakabe, K.,
Nakajima, C., and Suzuki, Y. 2008. Detection of culturable and
nonculturable Legionella species from hot water systems of public
buildings in Japan. J. Appl. Microbiol. 105, 2104-2114.

Hsu, B.M., Chen, C.H., Wan, M.T., and Cheng, H.W. 2006. Legionella
prevalence in hot spring recreation areas of Taiwan. Water Res. 40,
3267-3273.

Hsu, B.M., Lin, C.L., and Shih, E.C. 2009. Survey of pathogenic
free-living amoebae and Legionella spp. in mud spring recreation
arca. Water Res. 43, 2817-2828.

Huang, S.W., Hsu, B.M., Ma, P.H., and Chien, K.T. 2009. Legionella
prevalence in wastewater treatment plants of Taiwan. Water Sci.
Technol. 60, 1303-1310.

Kim, KY., Kim, Y.S., Song, J.C., Lee, S.J., Kim, S.U., Choi, T.Y., Park,
W.S., and Lee, C.M. 2003. Comparison of methods for identification
and the effects on Legionella pneumophila of the cooling towers in
Seoul. J. Korean Soc. Occup. Environ. Hyg. 13, 1-19.

Lee, L.S. and Zo, Y.G. 2013. Quantitative microbiological risk analysis
of Legionella infection of children from recreational activities in
interactive fountains. Korean J. Microbiol. submitted.

Ministry of Environment Korea. 2010. Guideline for Management of
Water Quality in Interactive Waterscape Facilities.

Mouchtouri, V., Velonakis, E., Tsakalof, A., Kapoula, C., Goutziana, G.,
Vatopoulos, A., Kremastinou, J., and Hadjichristodoulou, C. 2007.
Risk factors for contamination of hotel water distribution systems
by Legionella species. Appl. Environ. Microbiol. 73, 1489-1492.

Park, HK., Jung, E.Y., Jung, J.M., and Yu, P.J. 2007. Detection and
distribution of bacterial pathogens in raw water and during water
treatment process by polymerase chain reaction. J. Life Sci. (Korea)
17, 1374-1380.

Qin, T., Yan, G., Ren, H., Zhou, H., Wang, H., Xu, Y., Zhao, M., Guan,
H., Li, M., and Shao, Z. 2013. High prevalence, genetic diversity and
intracellular growth ability of Legionella in hot spring
environments. PLoS One 8, €59018.

Reasoner, D.J. 2004. Heterotrophic plate count methodology in the
United States. Int. J. Food Microbiol. 92, 307-315.

Sartory, D.P. 2004. Heterotrophic plate count monitoring of treated
drinking water in the UK: a useful operational tool. /nt. J. Food
Microbiol. 92, 297-306.

Sermano-Suirez, A., Dellunde, J., Salvado, H., Cervero-Arago, S.,
Mendez, J., Canals, O., Blanco, S., Arcas, A., and Araujo, R. 2013.
Microbial and physicochemical parameters associated with
Legionella contamination in hot water recirculation systems.
Environ. Sci. Pollut. Res. Int. 20, 5534-5544.

Viechtbauer, W. 2010. Conducting meta-analyses in R with the metafor
package. J. Stat. Sofiware 36, 1-48.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


