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Abstract.  Legionella spp are prevalent worldwide in both constructed and 
natural water systems and the rates of their detection have increased in 
environments such as buildings, public baths, and hospitals.  The study 
focused on detecting Legionella spp in public water systems in Busan from 
2020 to 2022 and on investigating the presence of the virulence genes dot/
icm, lvh, and rtxA in Legionella-positive water samples.  Legionella isolates 
(n = 660) were collected, with L. pneumophila and non-L. pneumophila 
species accounting for 80.8 and 19.2% respectively.  Among L. pneumophila 
isolates (n = 533), 196 belonged to serogroup 1 and 337 to serogroups 2-14, 
both known to cause legionellosis.  Among the non-L. pneumphila isolates  
(n = 127), L. anisa was the most common, followed by L. nautarum, then  
L. busanensis and L. londiniensis.  At least one virulence gene was detected in 
80.6% of all Legionella-positive isolates, with the majority of L. pneumophila 
carrying virulence genes compared to 9% of non-L. pneumophila spp.   
The presence of virulence genes in L. pneunophila and non-L. pneumophila 
spp collected from public water sources in Busan constitutes a potential 
risk of infection outbreaks within the city. 
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INTRODUCTION

Legionellosis typically manifests 
as two distinct diseases clinically: 

i) Legionnaires’ disease, a severe 
multisystem illness with pneumonia, 
and ii) Pontiac fever, a mild, self-
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limiting flu-like illness (Fields et al, 
2002; Bartram  et al ,  2007).  There 
are more than 73 Legionel la  spp, 
divided into 94 serogroups, with 
a p p r o x i m a t e l y  5 0 %  a s s o c i a t e d 
with clinical cases of legionellosis 
(Le ibniz  Ins t i tu te  DSMZ,  n .d . ) .  
Among those causing legionellosis, 
L.  pneumophila serogroup 1 (sg1) 
is  the main causative pathogen, 
account ing  for  70 -90% of  cases 
(Fields et al, 2002). 

L e g i o n e l l a  s p p  a r e  w i d e l y 
distributed at low concentrations 
in the environment.  However, due 
to industrialization, Legionella can 
now thrive in hot- and cold-water 
p ipes  o f  apar tments ,  hospi ta l s , 
hotels, and bathrooms.  Production 
of biofilms lining the inner walls 
of pipes allows Legionella to exist 
at high concentrations (Bartram et 
al, 2007).  Human infection occurs 
a f t e r  i n h a l i n g  a e r o s o l  f r o m  a n 
aquatic environment or aspirating 
water contaminated by Legionella 
(Fields  et  al ,  2022).   Many types 
o f  L e g i o n e l l a  s p p  c a n  m u l t i p l y 
i n t r a c e l l u l a r l y ,  w i t h o u t  b e i n g 
digested or destroyed, in various 
protists in the environment, such 
as amoeba (genera Acanthamoeba, 
D a c t y l o p o d i d a ,  N a e g l e r i a ,  a n d 
Vermamoeba ) ,  c i l ia ted protozoon 

(genera Cyclidium, Paramecium and 
Tetrahymena) and slime mold (genus 
Dictyostelium) (Boamah et al, 2017; 
Saoud et al, 2021).  This ability to 
parasitize protozoa allows Legionella 
t o  s u r v i ve  a n d  t h r i ve  i n  h a r s h 
external environments (Bartram et 
al, 2007; Gattuso et al, 2022).

Humans are incidental hosts for 
Legionella and their ability to infect 
humans is believed to stem from a 
long co-evolution with unicellular 
organisms.  The virulence factors 
that allow Legionella to infect these 
unicellular hosts also play a critical 
role in infecting human alveolar 
macrophages (Chamber et al, 2021).  
However, there are differences in the 
ability of different Legionella spp to 
withstand the external environment 
a n d  c a u s e  i n f e c t i o n  i n  h u m a n s 
( S r e e n a t h  e t  a l ,  2 0 2 0 ;  C h a u h a n 
and Shames, 2021).  Not only is it 
necessary for the Legionella to carry 
pathogenic genes but also to possess 
a  secretion apparatus to deliver 
proteins  or  other  factors  for  i ts 
survival into the host cell (Gattuso 
et al, 2022).

Legionella contains two secretion 
systems, one that exports proteins 
to the extracellular environment, 
the Type 1 secretion system (T1SS 
and T2SS), and another that injects 



25

PATHOGENIC LEGIONELLA SPP, BUSAN, KOREA

Vol 56  No.1  January  2025

prote ins  in to  the  hos t  ce l l ,  the 
Type IV secretion system (T4ASS 
and T4BSS).  Of the latter system, 
T4ASS lvh (Legionella vir homolog) 
and T4BSS i cm/dot  ( intracellular 
m u l t i p l i c a t i o n / d e f e c t i v e  f o r 
organelle trafficking) systems are 
present in several Legionel la  spp 
(Fuche et al, 2015).  Lvh is involved in 
conjugation, virulence and survival 
in the environment (Sreenath et al, 
2020) while icm/dot is necessary for 
Legionella  intracellular replication 
and inhibition of host cell ribosome 
function, which leads to cell death, 
allowing the bacteria to exit from 
the host cell (Chauhan and Shames, 
2021 ) .   Addi t iona l ly ,  T ISSs  a re 
responsible for secreting repeats-
i n - t o x i n  ( r t x A )  p r o t e i n ,  w h i c h 
f a c i l i t a t e s  b a c t e r i a l  a tt a c h m e n t 
and entry  into  host  ce l ls .   r txA 
gene also plays a crucial  role in 
Leg ione l l a  intracel lular  survival 
and trafficking,  helping bacteria 
evade the host immune response 
and promoting persistent infection, 
and disrupting host cell function, 
thereby contributing to bacterial 
pathogenesis (Sreenath et al, 2020).

Research on Legionella spp has 
primarily focused on L. pneumophila, 
with lesser attention paid to the 
d i s t r i b u t i o n  a n d  p a t h o g e n i c i t y 

o f  n o n - L .  p n e u m o p h i l a  s p e c i e s .  
Thus, the study investigated not 
only L. pneumophila isolated from 
man-made water systems in Busan, 
Korea from 2020 to 2022, but also 
non-L .  pneumoph i l a  spp.   S tra in 
identification of non-L. pneumophila 
s p p  w a s  c o n d u c t e d  t h r o u g h 
serotyping or  DNA sequencing, 
a n d  p a t h o g e n i c  c h a r a c t e r i s t i c s 
were assessed by identifying the 
carriage of icm/dot, lvh, and rtx.  The 
distribution and pathogenicity of 
Legionella spp in the water system of 
Busan will provide baseline data for 
the development of a prevention and 
management policy for legionellosis 
in the city. 

MATERIALS AND METHODS

Samples collection

Wa t e r  s a m p l e s  ( n  =  5 , 0 5 5 ) 
were  co l l ec ted  f rom the  publ i c 
water systems of facilities such as 
buildings, public baths, hospitals, 
and hotels in Busan, Korea between 
2020 and 2022.  Water samples (one 
l aliquot) were aseptically collected 
in sterile plastic containers, stored 
at 4-8 oC during transportation to 
the laboratory, and kept in the dark 
until analyzed (NIER, 2013; KDCA, 
2023).
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Legionella culture

W a t e r  s a m p l e s  w e r e 
concentrated by filtration through 
a mixed cellulose esters membrane 
(0.45 µm pore size, 90 mm diameter; 
MF-MilliporeTM, Merck, Darmstadt, 
Germany) using a vacuum system 
u n d e r  s t e r i l e  c o n d i t i o n s .   T h e 
concentrated samples (20 ml) were 
divided into three port ions and 
e a c h  p o r t i o n  wa s  s u b j e c t e d  t o 
sonicat ion  fo l lowing heat ing  a t 
50oC for 30 minutes, plated onto 
g l y c i n e - va n c o m y c i n - p o l y m y x i n 
B - c y c l o h e x i m i d e  ( G V P C )  a g a r 
p l a t e s  ( b i o M é r i e u x ,  M a r c y 
l’Etoile, France).  The agar plates 
were  incubated  a t  37±1 oC  for  7 
d a y s  i n  a  h u m i d i fi e d  c h a m b e r .  
U n c o n c e n t r a t e d  wa t e r  s a m p l e s 
were also similarly processed.  To 
confirm the identities of Legionella 
spp ,  a l l  co l lec ted  i so la tes  were 
subcultured onto Buffered charcoal 
yeast extract (BCYE) agar (Difco, 
Detroi t ,  MI)  without  L-cyste ine 
( M e r c k ,  D a r m s t a d t ,  G e r m a n y ) .  
Colonies that required L-cysteine 
for growth were defined as Legionella 
species.  The detection limit of this 
procedure was 200 CFU/l (KDCA, 
2023).

Identification of Legionella spp and 
serogroups

A Legionella Latex test (Oxoid, 
Basingstoke, Hampshire, UK) was 
employed to identify L. pneumophila 
( s g  1  a n d  s g  2 - 1 4 )  a n d  n o n - L . 
pneumophila spp, namely, L. anisa,  
L. bozemanii (sg 1 and 2), L. domoffi,  
L. gormanii, L. jordanis, L. longbeachae 
(sg 1 and 2), and L. micdadei. 

Detection of Legionella  spp and 
virulence genes by PCR 

L e g i o n e l l a  s p p  w e r e  a l s o 
identified using PCR, employing 
p r i m e r s  f o r  t h e  L e g i o n e l l a -
specific 16S rRNA gene, rpoB and  
L. pneumophila-specific mip (Table 1).  
A Legionella isolate was suspended 
in 100 µl of sterile distilled water, 
incubated at 100 oC for 15 minutes, 
centrifuged at 20,000 g for 5 minutes 
at 4 oC, and the supernatant was 
used  as  the  source  o f  t empla te 
DNA.  PCR was carried out in a 20 
μl reaction mixture containing 20 
pmol of each primer (Table 1), 5 µl 
of DNA solution and Maxime PCR 
PreMix (INtRON Biotechnology, 
S e o n g n a m ,  G y e o n g g i ,  K o r e a ) .  
A m p l i fi c a t i o n  w a s  p e r f o r m e d 
using SimpliAmp Thermal Cycler 
(Applied biosystems, Waltham, MA) 
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under the fol lowing condit ions: 
94 oC for 3 minutes; 30 cycles of 
94 oC for 20 seconds, 60 oC for 10 
seconds and 72 oC for 60 seconds; 
followed by a final step of 75 oC 
for  3  minutes .   For  the  do t / i cm 
amplification, the conditions were 
95 oC for 5 minutes; 30 cycles of 
94 oC for 60 seconds, 60 oC for 60 
seconds, and 72 oC for 60 seconds; 
followed by a final step of 72 oC for 5 
minutes.  Amplicons were analyzed 
u s i n g  a n  a u t o m a t e d  c a p i l l a r y 
electrophoresis system (QIAxcel, 
Qiagen, Hilden, Germany). Non-L. 
pneumophila spp were identified by 
amplification of rpoB, followed by 
direct DNA sequencing (Macrogen, 
S e o u l ,  K o r e a )  a n d  c o m p a r i s o n 
with sequences deposited at  the 
National Center for Biotechnology 
I n f o r m a t i o n  ( N C B I )  d a t a b a s e 
( h tt p s : / / b l a s t . n c b i . n l m . n i h . g o v /
Blast.cgi).

RESULTS

Legionella spp detection

Legionella spp (n = 660 isolates) 
were collected from water samples 
of multi-use facilities in Busan over 
three years: n = 205, 237, and 218 
isolates in 2020,  2021,  and 2022, 

respectively.  During the Legionella 
and non-Legionella spp identification 
process ,  samples  that  could not 
b e  s p e c i fi c a l l y  i d e n t i fi e d  we r e 
excluded from further analysis. 

Among the  660  i so lates ,  533 
( 8 0 . 8 % )  w e r e  i d e n t i fi e d  a s  L . 
p n e u m o p h i l a  a n d  1 2 7  a s  n o n - L . 
pneumophila spp (Table 2).  The L. 
pneumophila isolates belonged to 
serogroup 1 (n = 196),  the major 
cause  o f  Legionnaires ’  d i sease , 
and to serogroups 2-14 (n = 337) 
(Table 2).  The non-L. pneumophila 
isolates consisted of L. anisa  (n = 
63), L. erytha (n = 4), L. bozemanii  
(n =  4) ,  L.  busanensis  (n =  9) ,  L. 
domoffi (n = 4), L. londiniensis (n = 9), 
L. nautarum (n = 17), L. rubrilucens 
(n = 6),  and other Legionella  spp 
(n = 12) detected in 1 or 2 isolates 
(Table 2).

Among the non-L. pneumophila 
spp collected from 2020 to 2022, L. 
anisa was predominant (>50%) for 
the first two years, and then in 2022 
its relative proportion dropped to 
<25% and that of L. busanensis rose 
to 21% (Fig 1).

Virulence genes detection

The  Leg i one l l a  i so la tes  were 
a s s a y e d  f o r  t h e  c a r r i a g e  o f 
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pathogenic genes dot/icm, lvh, and 
rtxA; the results of which revealed 
the presence of all three genes in 
278 isolates, dot/ icm  + rtxA  in 90 
isolates, dot/icm + lvh in 58 isolates, 
lvh +  rtxA  in 22 isolates, a single 
pathogenic gene in 85 isolates, with 
no pathogenic gene and 127 isolates 

(Table 2).  Among  L.  pneumophila 
isolates,  2.4% (13/533) lacked all 
t h r e e  p a t h o g e n i c  g e n e s ,  w h i l e 
non-L. pneumophila isolates showed 
a significantly higher fraction, 90% 
(114/127),  indicating that non-L. 
pneumophila spp were more likely to 
be non-pathogenic (Table 2).

Fig 1 - Distribution of non-Legionella pneumophila spp isolated from public 
facilities, Busan, Korea 2020-2022

Note:  Non- Legionel la  pneumophila  spp were identified by PCR 
amplification of rpoB, followed by direct DNA sequencing (Macrogen, 
Seoul, Korea) and comparison with sequences deposited at the National 
Center for Biotechnology Information (NCBI) database (https://blast.
ncbi.nlm.nih.gov/Blast.cgi).

DNA: Deoxyribo Nucleic Acid; PCR: Polymerase Chain Reaction
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No non-L. pneumophila isolates 
carried all three pathogenic genes, 
one isolate had two genes (lvh + 
rtx), four isolates with dot/icm, and 
seven isolates with  lvh (Table 2).  
Of the six L. anisa isolates, lvh was 
present in four isolates, and lvh + 
rtx and dot/icm in one isolate each.  
One isolate each of L. busanensis , 
L.  londiniens is  and L.  par is i ens is 
carried  dot/ icm ;  one isolate each 
of  L.  domoffi, L.  oakr idgensis  and 
L.  quinl ivani i  contained lvh .   Of 
note, the presence of a pathogenic 
g e n e  i n  o n e  i s o l a t e  e a c h  o f  L . 
busanens is  and L.  londiniens is  i s 
of interest as these two species as 
well as L. nautarum, L. quinlivanii, 
L. spiritensis, and L. taurinenesis are 
considered non-pathogenic, as they 
have not previously been associated 
with human cases.

DISCUSSION

A c c o r d i n g  t o  a n  a n a l y s i s 
conducted by the Korea Disease 
Control  and Prevent ion Agency 
(KDCA) in  Korea during 2018 – 
2019 on the distribution patterns 
of  environmental  Legione l la  spp 
originating from domestic multi-use 
facilities, L. pneumophila accounted 

for 85.4% (comprising sg1, 31.7%; sg 
2-14, 44.8%; undefined serogroup, 
8 . 9 % )  a n d  n o n - L .  p n e u m o p h i l a 
for 14.6% (consisting of  L.  anisa 
(predominant), L. feeleii, L. dumoffii, 
L. micdadei, and L. rubrilucense) of 
the total isolates (Lee et al , 2020).  
These findings are consistent with 
the current study.

Doleans et al (2004) reported that 
in France L. anisa  has the highest 
environmental isolation rate (13.8%), 
although its clinical isolation rate is 
only 0.8%.  Despite this finding,  
L. anisa is known to cause pneumonia, 
Pontiac fever, osteomyelitis due to 
pneumonia, chronic endocarditis, 
a o r t i c  a n e u r y s m ,  a n d  a r t h r i t i s 
(Roussotte and Massy, 2022).  It is 
also a cause of hospital water system 
c o n t a m i n a t i o n  a n d  n o s o c o m i a l 
i n f e c t i o n .   F u r t h e r m o r e ,  t h e r e 
are concerns that  L.  anisa  could 
m a s k  wa t e r  c o n t a m i n a t i o n  b y  
L. pneumophila (van der Mee-Marquet 
et al, 2006). 

L .  b u s a n e n s i s  w a s  fi r s t 
discovered in a cooling tower in 
Busan in 1991 (Park et al, 2003).  Its 
distribution is increasing in Busan, 
warrant ing  cont inued  attent ion 
despite uncertainty regarding its 
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infectivity.  L. rubrilucens has been 
isolated from pneumonia patients 
(Matsui et al, 2010).  L. bozemanii, 
L .  l o n g b e a c h a e  a n d  L .  m i c d a d e i 
col lect ively account  for  2-7% of 
Leg ione l l a  in fec t ions  worldwide 
( C h a u h a n  a n d  S h a m e s ,  2 0 2 1 ) .  
Notably, L. longbeachae is a major 
c a u s e  o f  L e g i o n n a i r e s ’  d i s e a s e 
in  Aust ra l ia  and  New Zea land , 
being commonly associated with 
compost and potting soil (Muder 
a n d  Y u ,  2 0 0 2 ;  C h a m b e r  e t  a l , 
2021) .   However ,  L .  busanens i s , 
L .  l o n d i n i e n s i s ,  L .  n a u t a r u m ,  L . 
quinl ivani i ,  L .  sp ir i tens is ,  and L. 
taur inenes i s  are  s t i l l  considered 
non-pathogenic to humans (Leibniz 
Institute DSMZ, n.d.).

Legionella spp can enter protozoa 
or host cells and form Legionella-
containing vesicles (LCVs) derived 
from the endoplasmic reticulum.  
Within a few minutes after entry, 
the Type IV secretion system (T4SS) 
is expressed, transferring proteins 
or protein-DNA complexes into the 
host cell cytoplasm.  This system 
involves the expression of dot/icm 
that plays a crucial role in cellular 
prol i ferat ion and pathogenic i ty 
(Cazalet et al, 2004). 

Legione l la  secret ion pathway 
(Lsp) or Type II secretion system 
(T2SS) is required for survival in 
various environmental conditions 
(Ridenour et al, 2003).  Lsp-associated 
lvh influences host cell infection in a 
temperature-dependent manner.  It 
is critical for intracellular survival 
and replication at 30 oC and at 37 
oC acts as a growth factor (Ridenour 
et al, 2003). 

rtxA encodes a toxin involved in 
L. pneumophila entry into host cells 
(Sreenath et al, 2020).  The N- and 
C-terminal  domains  of  r txA  are 
responsible for adhesion and pore 
formation respectively (Huang  et 
al ,  2006).  Thus, dot/icm, lvh ,  and 
rtxA  genes  are  essent ia l  for  the 
infection and survival of Legionella 
s p p  i n  h u m a n s .   T h e  d e t e c t i o n 
of  these genes in  L .  pneumophila 
isolates should assist in predicting 
t h e  v i r u l e n c e  o f  L e g i o n e l l a  s p p 
distributed in Busan.

The current study demonstrated 
L. pneumophila isolates harbored at 
least one of the three test virulence 
genes ,  as  reported in  Austral ia , 
Greece, and PR China (Huang et al, 
2004; Katsiaflaka et al, 2016; Zeng et 
al, 2019).  On the other hand, in the 
current study non-L. pneumophila 
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s p p  h a d  l o w e r  d i s t r i b u t i o n 
f r e q u e n c i e s  o f  v i r u l e n c e  g e n e s 
t h a n  L .  p n e u m p h i l a .   H o we ve r , 
given that the non-L. pneumophila 
s p p  h a ve  b e e n  a s s o c i a t e d  w i t h 
respiratory diseases, skin and soft 
tissue infections, septic arthritis, 
a n d  b a c t e r i a l  e n d o c a r d i t i s , 
diagnosing Legione l la  infect ions 
c a u s e d  b y  t h e s e  p a t h o g e n i c 
b a c t e r i a  c a n  b e  c h a l l e n g i n g 
(Lowry et al, 1993) and raises the 
possibility of underdiagnosis and 
underrecognition of cases caused 
by these Legionella spp.  In addition, 
the interaction of Legionella  with 
the natural environment suggests 
that  i f  condit ions  necessary  for 
proliferation within host cells are 
met, even certain non-L. pneumophila 
spp could have a high likelihood of 
causing disease.

While the pathogenicity of  L. 
pneumophila is firmly established, the 
detection of pathogenicity among 
non-L. pneumophila  spp, often in 
i s o l a t e d  c a s e s  o r  o u t b r e a k s ,  i s 
increasing (Lowry et al, 1993; Vaccaro 
et al, 2016; Head et al, 2019; KDCA, 
2023).  Therefore, there is a need 
to focus on L. busanensis that has 
shown an increase in prevalence in 
Busan during the study period, and 
possibly in other regions of Korea. 

I n  c o n c l u s i o n ,  t h e  s t u d y  o f 
Legionella spp isolated from public 
water facilities in Busan, Korea from 
2020 to 2022 revealed the prevalence 
of  pathogenic  L .  pneumophi la  as 
well as a rise in prevalence of L. 
busanensis  and a decrease in that 
of L. anisa.  However, the presence 
of Legionella  spp in public water 
supplies  cannot  be extrapolated 
to the actual impact of Legionella 
c a r r y i n g  p a t h o g e n i c  g e n e s  o n 
h u m a n s .   F u r t h e r  r e s e a r c h  o n 
Legionella  spp isolated from both 
the environment and humans, along 
with parallel studies on Legionella 
carriage of pathogenic genes and 
t h e i r  a s s o c i a t i o n  w i t h  h u m a n 
infections, are needed to deepen our 
understanding of Legionella spp and 
their relationship with outbreaks 
o f  L e g i o n n a i r e s ’  d i s e a s e .   T h e 
identification of Legionella sources 
and their associations with disease 
o u t b r e a k s  p r o v i d e s  i m p o r t a n t 
information for the development 
of effective response measures to 
infections caused by these bacteria.
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