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SUMMARY 

F~/clinical and environmental isolates o| Legionella pneumophila were typed sara- 
logically and by DNA fingerprinting using arbitrarily primed polymerase chain reaction 
(AP-PCR). Furthermore, variability in and around ribosomal operons was assessed by 
conventional ribotyping and PCR-mediated amplit~tion of the spacer Rgion separat- 
ing the 16S and 235 ge l ;~  ~ ~ , ~ s r s  t~at sc~otyping suffers from low resolution capa- 
bilities, and ribotypin R and spacer PCR display intermediate resolving capabilities, 
whereas AP-PCR is more discriminalJng. Results from AP-PCR and both forms of ribo- 
typing analysis correlate with epidemiological and environmental data. It is suggested 
that AP.PICR typing may be the method of choice for rapidly determining clonality 
among L pneumophila isolates. 
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INTRODUCTION 

The initial species within the genus Legion- 
ella was described after the first outbreak of so- 
called "Legionnaires' disease" in 1977 (Fraser et 
aL, 1977). Since that time not only has the num- 
ber of species grown at a steady rate, but also a 
number of subtypes have been identified within 
the species L pneumophila  (Joly et aL, 1986). 
Furthermore, procedures suited for the molecular 
characterization of L. pneumophi la  have been 

described, qlaese vary from alloenzyme electro- 
phoresis (Tompkias et al., 1987) to ribotyping 
(Grimont et aL, 1989), fatty acid profiling (.lant- 
zen et aL, 1993), pulsed-field gel electrophoresis 
of DNA macrorestriction fragments (Otte t  aL, 
199[) and DNA f ingerpr in t ing  pro~u~.o!s 
employing the polymerase chain reaction cPCR) 
(Van Belkum et al., 1993). These procedures 
have been applied to investigations of ncsoco- 
mini epidemics of mostly waterborne legion:ella- 
sis (Schoonmaker et aL, 1992; Struelens et al., 
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1992). This has led to discussions concerning 
optimal discrimination between epidemiologi-  
eally linked and sporadic isolates of  L. p n e u m o -  
ph i la .  To date, no consensus  on the preferred 
t y p i n g  s c h e m e  fo r  n o s o e o m i a l l y  o c c u r r i n g  
microbial pathogens in general, and Leg ione l la  
strains in particular, has been realized. In order 
to evaluate a certain number o f  these procedures, 
environmentally and nosoeomialty acquired iso- 
lates of  L, p n e u m o p h i l a  were subjected to sero- 
logical identification, conventional  r ibotyping,  
amplification of  the 16S-23S ribosoma.' spacer 
reg ion  and g e n o t y p i n g  by arbi t rar i ly  p r imed  
(AP) PCR (Gomez-Lus et aLr 1993). 

DNA isolation 

For DNA isolation, bacteria were suspended in 
2 ml phosphate-buffered saline pH 7.2 (PBS). This 
stock suspension was stored at --20°C until process- 
ing. Aliquots of  200 l.tl were diluted with 1 ml of  a 
4 M guanidinium isothiocyanate-containing buffer 
in order to iyse the cells (Boom et aL, 1990). DNA 
was subsequently purified by affinity chromatogra- 
phy to Celite, washed with 70% ethanol, dried and 
redissolved in 400 pl of  10 ram Tris-HC! pH 8.0, 
1 mM EDTA. On average, 200 ~1 of  me bacterial 
suspens ion  y ie lded  4-5 ttg o f  high molecu la r  
weight DNA. 

Ribotyping 

M A T E R I A L S  A N D  M E T H O D S  

Bacterial strains 

L. pneumophila isolates were obtained from vari- 
ous sources in the Netherlands.  These sources 
included water s~pplies and patients suffering from 
l.egionnaires' disease (see table I). Strains were 
derived mainly from hospitals. Prior to analysis, 
strains were grown on two buffered charcoal yeast 
extract (BCYE) agar plates at 37°C for 36 h until 
confiueney wa~q obtained. One was used for serotyp- 
ing, the other, for DNA isolation. The same batch of 
medium was used for all strains, strains were grown 
in a single incubator under constant atmospheric 
conditions, and procedures were handled by the 
same individual. 

Conventional ribotyping was performed on a 
subset o f  the strains (n=3g) by methods described 
p r ev ious ly  (Gr imont  et  a l . ,  1990).  DNA was 
digested by a single restriction enzyme ( E c o R I ,  
Boehringer-Manheim, Germany) according to the 
manufacturer's instructions. Restriction fragments 
were subsequently length-separated by electropho- 
resis through 0.8 % agarose gels (2 V/era for 24 h), 
Southern-blot ted onto "Hybond  N'" membranes 
(Amersham Int, UK) and hybr id ized  to a full- 
length E. co l i  16S rRNA probe. The probe was 
equipped with 3ZP-alpha-dATP using a random- 
primed labelling l~rotocol (Feinberg and Vogel- 
stein, L983). After hybridization and washing at 
50°C, aut'~radiogmphy was performed for periods 
varying between l and 24 h (Sambrook et  al . ,  
1989). 

PCR rilmtyping 

Serotyping 

Serological  analysis  o f  the L. p n e u m o p h i l a  
strains was performed with the aid of  commercially 
available Legionella immune sera (Seiken, Denka, 
The Netherlands). A dense bacterial suspension 
(OD600 over 1.5) was heat-treated (60 min, 100°C) 
and used as the antigen suspension. This suspension 
was mixed I:1 with the antiserum solution, and 
agglutination was observed visually. A detailed 
description of this serotyping procedure can be 
retrieved from available literature (Tateyama, 1992). 

Amplificmion of  the spacer region between tile 
16S and 23S rRNA genes was carried out (Kostman 
et al., 1992, 1994). Employing 16S- and 23S-spe- 
ciflc primers spl and sp2 (5'-~['GTACACACCGC 
CCGTCA-3' and 5'-GGTACCTTAGATGTTTCAG 
TTC-3", respectively) while applying incubation and 
cycling conditions as described by these authors, 
amplicons were generated which were subsequendy 
analysed by gel e)ectrophoresis in 2 % agarose gels. 
The length of the amplicons was estimated by com- 
parison with lambda H i n d l l i  molecular  weight  
markers. 

.~P-PCR ~ arbitrarily primed PCR. 
BCYE = bufCerCd charcoal ye:~;t cxlr'~.cl. 
PBS ~- phosphate-buffered saline. 
PCR ~ pt)lynnt:ra,~c chain refection. 

sp = specific pr imer .  
Ta#  = Thertrt.a: aqJ*ali¢;~s. 
T B E  -- T d s  h~rate E D T A .  
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A P - P C R  

DNA amplification by AP-PCR was performed 
essentially as described before (Van Belkum et 
aL,  1995). In short ,  PCR mixtures  conta ined 
I0 mM Tris-HC1 pH 9.0, 50 rnM KC1, 2.5 mM 
MgC12, 0 . 0 1 %  ge la t in ,  0 . 1 %  T r i t o n - X t 0 0 ,  
0.2 mM of all deoxyribonucleotide triphosphates, 
0.5 un i t s  Taq D N A  p o l y m e r a s e  ( S u p e r T a q ,  
Sphaero-Q, The Netherlands), 50 pmoles of  oligo- 
nueleotide primer(s) and between 50 and 100 ng 
of  template DNA. Primers used were the entero- 
b a c t e r i a l  r e p e t i t i v e  i n t e r g c n i c  c o n s e n s u s  
sequences I and 2 (ERIC [R-1 : 5"-ATGTAAGCT 
C C T G G G G A T T C A C - 3 '  ; ERlC 2-I  : 5 ' - A A G  
TAAGTGACTGGGGTGAGCG-3"  (Versalovic et 
al., 1991)) and the arbi t rary  pr imer  BG2 (5 ' -  
T A C A T T C G A G G  A C C C C T A A G T G - 3 "  (Van  
Be lkum et aL, 1993)). PCRs were pe r fo rmed  
us ing  " 'B iomed  mode l  60"  t h e r m o e y c l e r s  
(Biomed, Theres, Germany). Cyclin~t consisted of 
40 times 1 rain at 94°C, I rain at 25°C and 2 min 
at 74°C. PCR products were analysed by electro- 
phoresis in 2% agarose gels, run in 0 .5×TBE buf- 
fer at a constant voltage of  100 V for 4 hours. 
Gels were 8tained with ethidium bromide, and pic- 
tares were taken upon UV transillumination with 
the aid of  "Polaroid Polapan 52"" films. PCR band- 
ing patterns were interpreted by at least two inde- 
pendent investigators who were not aware of the 
strains' origins. 

R E S U L T S  AND D I S C U S S I O N  

From table I, it appears  that a large fractian 
(30%) o f  the collection of  strains remained sero- 
log ica l ly  un typab le .  One  strain cou ld  not be  
analysed for reasons of  autoagglutination. Four 
different serotypes (1, 3, 4 and 6) were  identi- 
fied among  the typable strains. 

Convent ional  r ibotyping displayed a higher 
d e g r e e  o f  r e s o l u t i o n .  A m o n g  the s ubs e t  o f  
strains that was analysed, and by applicat ion of  
a single restr ict ion e n z y m e  and a single 16S- 
rRNA-spee i f ie  D N A  probe,  already five clearly 
d i f fe ren t  r i b o t y p e s  were  ident i f ied .  F igure  1 
g ives  a schemat ic  presenta t ion of  the diverse 
b a n d i n g  p a t t e r n s  t ha t  w e r e  e n c o u n t e r e d .  
Clear ly ,  re la t ive ly  long rest r ic t ion f r agments  
(the smal les t  one  still being more  than 5,000 
base  pairs in length) hybr idized to the p robe ;  
data thus collected are summar ized  in table 1. 

A m p l i f i c a t i o n  of  the r i b o s o m a l  16S-23S 
spacer  region led to the detection of  a similar 
but gomewhat smaller  number  of  variants (see 
fig. 1 and table 1). The large majori ty of  strains 
gave rise to the amplification of  two DNA frag- 
ments,  both approximate ly  600 nucleotides in 
length. Besides,  an additional number  of  four 
b a n d i n g  p a t t e r n s  w a s  e n c o u n t e r e d ,  o n e  o f  
which  (A" in fig. 1) ,vas very  s imi l a r  to the 
basic type. 

AP-PCR analysis was performed in two dif- 
ferent institutions by a single researcher.  The  
results obtained in the two laboratories showed 
nearly comple te  conco rdance  with respect  to 
strain g roup ing ;  only  subt le  except ions  were  
encountered.  However ,  the individual banding 
pat terns  that were genera ted  us ing  sequence-  
i d e n t i c a l  p r i m e r s  w e r e  d i f t ' e r cn t  w h e n  the  
resul ts  f rom the two labora to r ies  were  c o m -  
pared directly. Explanations for this phenome-  
non are either the differences in the quality of  
the p r imers  used (Van Be lkum,  1994) or  the 
way in which the D N A  was prepared. Finally, 
small  differences in electrophoret ic  condit ions 
have an extensive effect  on the reproducibili ty 
(unpublished observat ions) .  The  first series o f  
exper iments  (PCR type I in table I) revealed the 
presence of  15 distinct genotypes  in the collec- 
tion of  50 g*~rains that were analysed with both 
PCR tests (resolution of  30%).  When the tests 
were repeated in another hospital  with a more  
l imited set o f  isolates ( n = 3 9 ;  for results  see 
fig, 2), 9 different genotypes  were found (reso- 
lut ion 23 %), a l though in this lat ter  case  the 
number  of  assays was smaller, 

It thus appears that the resolution of  serotyp- 
ing and 16S-23S-spaeer P e R  are inadequate for 
e p i d e m i o l o g i c a l  t y p i n g  o f  L. p n e u m o p h i l a  
strains .  The  A P - P C R  and r i bo typ ing  resu l t s  
reveal a higher degree of  strain resolution, AP- 
P C R  p r o v i d i n g  the l a rges t  n u m b e r  o f  types  
under  the exper imenta l  condi t ions  as used in 
this study. However ,  increasing the number  of  
e n z y m e s  used for  r ibotyping would  p robab ly  
resu l t  in be t t e r  d i s c r i m i n a t i o n .  T h e  p r e sen t  
study may render conclusions that are weighted 
in f a v o u r  o f  the A P - P C R  a p p r o a c h .  On the 
o t h e r  h a n d ,  A P - P C R  is t e c h n i c a l l y  l e s s  



T a b l e  I. Survey of  exper imental ,  clinical and env i ronmenta l  data o f  the L. pneumophila isolates. 

Strain Strain P C R  PCR Overa l l  Sere-  Spacer  
number  code Institute Source type I type II PCR type type PCR 

Ribo-  
WPe 

1 0001/92 hospital A siphon Aa  A A A  VIII  nt A A 
2 0002/92 hospital A siphon Bb N D  XI!  nt B ND 
3 0003192 hospital A siphon Ce  N D  X l l l  nt C ND 
4 0004192 hospital A water  Aa A A A  VIII  4 A N D  
5 0005192 hospital A water  Aa A A A  VIII  4 A A 
6 0006/92 hospital A water  Aa A A A  VIII  4 A A 
7 0007/92 hospital A siphon Aa  A A A  VIII  nt A A 
8 0008/92 hospital A siphon Aa A A A  VIII  nt A A 
9 0009/92 hospital A water  Aa A A A  VIII  4 A" N D  

10 0010/92 hospital  A water  Aa A A A  VIII  4 A N D  
I 1 0011192 hospital G water  Aa A A A  V i i i  auto A N D  
13 0049/92 hospital  A siphon Ea C A ' A  IX nt A N D  
15 0051/92 hospital A siphon Ea C A ' A  IX nt A N D  
16 0052/92 hospital  A siphon Ea CA'A  1X 4 A A 
17 0053/92 hospital  A siphon Ea CA'A  IX 4 A A 
18 0054/92 hospital  A siphon Ea C A ' A  IX 4 A A 
19 0055/92 hospital  A siphon Ea C A ' A  IX 4 A A 
20 0056/92 hospital  A ~iphon Ea C A ' A  IX 4 A A 
21 0057/92 hospital  A siphon Fe N D  IV 3 A A 
22 0058/92 hospital  A boiler  Aa  A A ' A  VI I l a  4 A A 
23 0059/92 hospital  A siphon Aa  A A ' A  V i l l a  4 A N D  
24 0014/92 hospital B water  Dd  BBB I 1 A A 
25 0 0 6 0 0 2  hospital  A siphon G f  ND X V  nt D B 
26 0062192 hospital  A siphon Aa A A ' A  V l l l a  4 A A 
27 0063192 hospital  A siphon Aa  A A ' A  V I I l a  4 A Ni-) 
28 0064/92 hospital A siphon Aa  A A ' A  V i l l a  nt A A 
29 0065•92 hospital  A siphon A(ND)  N D  VIII  nt A A 
30 2949/91 hospital  F pat. 1, B A L  Hg D B C  1I 1 A C 
31 2968/91 hospital  F pat 2, lung Hg DBC' 1I 1 A C 
32 2969/91 hospital F pat. 2, b lood  Hg D B C  II ! A C 
33 2988t91 hospital  F pat, 2, B A L  Hg D B C  I! ! A C 
34 00 l 6/92 hospital  F vent i la tor  Hg  D B D  l l a  1 A C 
35 0017•92 hospital  F vent i la tor  Hg  D B C  II I A C 
36 0018192 hospital F water  Hg  D B C  II 1 A C 
37 0040192 hospital  F coo l ing  sys tem Hg  D B C  !I 1 A C 
3R 01)41192 hospital  F coo l ing  sys tem Hg  D B C  lI 1 A C 
39 0002193 hospital  F coo l ing  system Hg  DBC !I 1 A C 
40 0026/92 insti tute H water  Ih  ND V 3 A B 
41 0027192 insti tute H water  Ii ND VI 3 A B 
42 0028192 insti tute A water  Ij ND X 6 A B 
43 0029•92 institute H water  J-  N D  VI1 3 A D 
44 0032/92 hospital  D laundry r o o m  Kk  E C E  III I A N D  
45 0033197_ hospital  D laundry room LI N D  XI  6 N D  lqD 
46 0001/93 hospital  D laundry room LI N D  XI  6 A B 
47 0024/92 institute C water  instal. Kk EBE I l i a  1 A C 
48 0048/92 institute C water  instal. Kk EBE I l i a  1 A C 
49 0066/92 hospital  E heater  M m  F D F  X I V  nt A E 
50 0067192 hospital  E heater M m  F D F  X I V  nt A E 
51 0068192 hospital  E heater  M m  F D F  X1V nt A E 
52 0069192 hospital  E siphon M m  F D F  XIV nt A E 

Strain number corresponds to lane numbering in figure 2 ; the strain code reprc sent.s the identificatitm number. The serolype was deter° 
mined with th= Seiken series of sera. PCR was performed in two institutions, PCR test~ involving primer eombit~ations (ERIC~/ERIC2} 
and (ERIC2/BG2) were peffnrrned at the Diagnostic Center SSDZ, Department of Molecular Biology. Delft, The Nctherlan,l,. Assays 
comprising the three following combinations (ERICI/ERIC2), (ERIC2/BG2) and (BG2) were performed at the Academic Hosp;tal Dijk- 
zigt. Department nf Bacteriology. Rotterdam. The Netberhmd,,. The results are presented aa PCR types I and 11, respectively; the number 
of letters corresponds to the number nf PCR assays, which was 2 or 3 lot typ0 I and II, respectively, l.~Rering (A through M) reflects the 
variability in the DNA banding paUems. Note thut the BG2 code for strain 34 deviates (D instead of C, a,s for the other strains from the 
same hospital}; this may reflect the acquisition of novel genetic elements or the occurrence of minor genomic rearrangements, nt=non- 
typahle; biD-not dnne; pat.=palient; BAL=hronchoalvcnlar lavage: instal.=installation ; auto=autoagglutinating strain, 

In the ea~,,e nf hospital F, a genuine epidemic was documented. Strait~s from patients and envi~-onmcnt are identical, and multiple 
isolates from a sing]e patient had the same PCR type. In hospital A, multiple periods involving colonization with genetically differev~ 
Legi.~nella .~trains have ~mcurred. 
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Fig. l. Schematic representation of the data obtained by 
amplification of tim 16S-23S ribosomal spacer re, ion by 
PeR (left panel) and by conventional ribotyping (right 

panel). 
Differeot  tye~.s detected by  the two techniques  are 

identif ied by capital lettet~, as also presented in table I. 
An  apostrophe indicates a subtype. The  molecular  length 
m a r k e r s  g i v e n  on  the  lef t  a re  r e s t r i c t i o n  [ r a i m e n t s  
generated by digestion of bacteriophage lambda DNA 
with HfndlIL 

demanding.  The genetic profiles are in good 
agreement with environmental and patient data. 
It is shown that strains originating from within 
a single institution are general ly  genet ical ly 
h o m o g e n e o u s ,  No te  that ,  for  ins tance ,  all 
strains from hosp-tal E are completely identical, 
con f i rme d  by all p rocedures  apolied.  Also,  
strains isolated from either the environment or 
f rom patients within hospital F appear to be 
identical, although strain 34 displays a slightly 
deviat ing overall  AP-PCR type (see table I). 
This  demonstra tes  the potential  value of  the 

genotyping aporoach for unraveling epidemi- 
ologieal features. 

There is a clear need for .~tand~dization of 
(molecular)  microbial  typing methods, espe- 
cially for those procedures that are used for the 
analysis of bacterial strains isolated during noso- 
comial outbreaks. In these circumstances, it i~ 
~>f prime importance to be able to expeditiously 
determine the genetic relationships among the 
clitdcal and/or environmental isolates, The opti- 
mal typing system should be fast, highly dis- 
c r imina tory ,  r eproduc ib le ,  appl icable  to all 
strains and versatile with respect to the number 
of  strains to be studied. None of  the presently 
available typing schemes fulfills all ot' these 
requiremertts. 

The set of Seiken antisera provides the only 
instrument for Legione l la  typing that is readily 
available in the Netherlands. However, compara- 
tive analysis of typing results underscores that 
the discriminatory power of  PCR is superior to 
that of  sero typiug .  All strains ident i f ied as 
Seiken serovar 1, for instance, can be divided 
into five distinct genotypes: DdBBB~ HgDBC, 
HgFJBD, KkEBE and KkED•. Interestingly. 
these strains all belong to the spacer type A and 
r ibotype A or C. Moreover .  the non-typable  
strains can all be classified as one out of  seven 
genotypes (designated overall PCR types VIII, 
V!lla. IX, X[I, XIII, XIV and XV; see table 1), 
whereas thes2 same strains also display vari- 
ability once assayed with ribotyping or spacer 
PCR. It is comforting to observe that the strains 
originating from a single institution generally 
appear to be genetically related. For instance, 
al£ strains encoded Hg are from the same insti- 
tute. Strains 1-10, derived from hospital A, pri- 
marily represent AP-PCR type VIII, although 
by serotyping, two types (4 and nt) are encoun- 
tered. The AI ' -PCR data, however,  are sup- 
ported by the ribotyping, demonstrating concor- 
dance  b e t w e e n  g e n e t i c  a p p r o a c h e s  and 
indicating a lack of  reliabiilty for the serotyping 
assay. 

The lwo assays which aimed at the elucida- 
tion of variation within or surrounding riboso- 
mal operons  display differ ing ef f icacy with 
respect to typing o f  L. pneumoph i la .  ~/hcrcas 
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the 16S-23S spacer  PCR has prev ious ly  been 
p resen ted  as a po ten t ia l ly  un iversa l ly  appl i -  
cable  microbial  typing procedure  (Kos tman et 
al., 1994), in the case of  L. pneumophila,  this 
a p p l i c a b i l i t y  s e e m s  l imi ted .  In c o m p a r i s o n  
with convent ional  r ibotyping,  for instance, the 
resolution seems diminished.  Ribotyping gave 
rise to adequate, results,  both  with respect  to 
resolut ion and epidemiologica l  concordance.  [t 
has to be  emphas ized  that the absolute resolu- 
tion o f  this procedure  can be great ly improved  
b y  i n c r e a s i n g  the  n u m b e r  o f  r e s t r i c t i o n  
enzymes  and r ibosomal  probes  used (Gr imont  
et al., 1989). 

I t  appears  that the A P - P C R  fingerpt ' int ing 
procedure  is an eff icient  means  for the initial 
screening o f  (large) col lect ions  of  microorgan-  
i sms ,  T h e  p r o c e d u r e  is r ap id  and p r o d u c e s  
c o n s i s t e n t  d a t a  on gene t i c  r e l a t edness .  T h e  
usefulness  of  AP-PCR-media ted  typing for L. 
p n e u m o p h i l a  was  r e c e n t l y  c o n f i r m e d  by a 
study demonst ra t ing  the versat i l i ty of  amplif i -  
cat ion o f  regions bordered by  repeti t ive motifs  
(Georghiou et al,, 1994). Assays  a iming  at  the 
ampl i f ica t ion o f  genorrdc domains  bordered by 
c o n s e r v e d  r epe t i t i ve  e x t r a g e n i c  p a l i n d r o m e  
e lements  (see Lupski  and Weinstock,  1992, for 
a r ev i ew)  a lso  d i sp l ayed  exce l l en t  r eso lv ing  
capaci ty  and ep idemiologiea l  concordance.  A 
major  poin t  o f  concern,  however ,  is the appar-  
ent lack o f  reproducibi l i ty  o f  banding patterns 
be tween  laboratories.  In the present  study, it is 
sugges ted  that the nature  o f  the banding pat-  
tern c a n  be in f luenced  by the qua l i ty  o f  the 
D N A  preparat ion or  the purity o f  the ol igonu- 

c l eo t i de  p r i m e r  ba tch .  It  has  r ecen t ly  been  
shown that other  factors can also influence the 
qual i ty  o f  the AP-PCR f ingerpr in ts  ( G o m e z -  
Lus et al., 1903; Meunier  and Grimont ,  1993: 
Versnlo'~ic et al., 1991). It  is our  opinion that 
fo l lowing  PCR analysis ,  the other  geno typ ie  
p r o c e d u r e s  may  be e f f ec t ive  in e s t ab l i sh ing  
i n t e r l a b o r a t o r y  cons i s t ency .  T h e  role  of  the 
phenotypica l ly  oriented procedures  for typing 
L. p n e u m o p h i l a  is no t  i m m e d i a t e l y  c l ea r .  
M o r e o v e r ,  an t i s e r a  to all  s e r o t y p e s  are not  
readi ly  ava i l ab le ,  and a r e l a t ive ly  h igh  per -  
centage of  strains remains  non-typable .  

In conclusion,  our  data  indicate  that  PCR 
f ingerpr int ing is a valuable  typ ing  procedure  
for Legionei[a,  All s trains appea r  to be  typ-  
a b l e ,  the  r e s o l u t i o n  c a n  be  i n c r e a s e d  by  
enlarging the number  o f  pr imers  used, results 
a p p e a r  to co r robo ra t e  e p i d e m i o l o g i c a l  f ind- 
ings, and the procedure  is conven ien t ly  fast. 
However ,  prior to the initiation o f  large-scale 
m u l t i c e n t r e  c o m p a r i s o n s ,  it may  be  wor th -  
while to study the reproducibili ty o f  PCR geno- 
typing for L. pneumophi la  in a way similar  to 
that recently presented for  (methici l l in-resist-  
ant) Staphylococcus  aureus  (Tateyama,  1992; 
T e n o v e r  et  al, ,  1 9 9 4 ;  Van B e l k u m  et al . ,  
1995). in the latter study, a message  s imilar  to 
that presented in the current paper  was formu-  
lated. Al though  A P , P C R  c lus te red  ep idemi -  
o logical ly  related strains in an adequate  man- 
ner, in ter ins t i tn t ional  r ep roduc ib i l i t y  c l ea r ly  
needed  i m p r o v e m e n t .  Addi t iona l  s tudies  on 
the m e t h o d o l o g i c a l  a s p e c t s  o f  A P - P C R  are  
mandatory .  

Fig. 2. DNA typing of L pneumophila strains by FCR-mediated amplification of randomly selected 
genumic regions. 

Numbering above the lanes identifies L. pneumophila strains as in table I. The uppcr panel dis- 
plays the results of amplification using a combination of the enterobacterial repetitive intergenic 
consensus sequences ERIC1 and ERIC2. The panel in the middle shows results obtained wi~ the 
arbitrary primer BG2, whereas in the lower panel, the results from amplification by primers B(32 
and ERIC2 are displayed. On the right, molecular length markers are indieatecl in multiples of 
100 bp. The lane marked C shows results obtained without the addition of extraneous DNA (nega- 
tive control). Identical lanes are connected between panels. Note that ~train number 12 is not inclu 
(ted in table I, due to the fact that none of the other typing procedures were applied to this particu- 
lar isolate. 
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Etude 6pld6miologique 
de Legionella pneumophila par  s~rotypage, 

AP-FCR,  r ib0typage et analyse 
de 1'4cart r ibosomal 16S-23S m~di6e pa r  la PCR 

Cinquante souches isol6es de l 'environnement ou 
d 'or igine clinique de LegioneIla pneumophila ant  
616 typ6es sur le plan s6rologique et par empreinte 
de I 'ADN .~ l 'a ide d 'amorces  arbitraires utilis6es 
pour l 'amplification en chMne de I 'ADN (AP-PCR). 
De plus, [a variabilit6 h l ' in t6r ieur  et autour des 
op6rons ribosomaux a 6t6 6valu6e par ribotypage 
conventionnel ¢t par PeR  de la r6gion s6parant los 
gtznes 16S et 23S. II apparait que le s6rotypage souf- 
fre de faible capaeit6 de r6solution et que le riho- 
typage el l ' ana lyse  d '6car t  par PCR r6v~lent des 
eapacit6s de r6solution moyennes, landis que I 'AP- 
PCR est la technique la plus d iser iminante .  Les 
r6sultats de I 'AP-PCR et ceux des deux formes de 
r i b o t y p a g e  s en t  corr616s avee  los d o n n 6 e s  de 
l'6pid~miologie et de l 'environnement.  Cela sugg~re 
que le typage par A.P-PCR pourrait 6tre la m~tltodc 
de choix pour la d6termination rapide des clones de 
L. pneumophila. 

Mots-clds: Ribotypage, PCR, AP-PCR, Le~io- 
nella pneumophila ; Epid6miologie. 

References 

Boom, R., So], C.J.A,, Salimans, M.M.M., Jansen, C.L., 
Wertheim-van Dillon, P.M.E. & Van der Noordaa, J. 
(19q0), Rapid and simple method for purification of 
nucleic acids, d. Clio. Microbial., 28, 495-503. 

Feinberg, A. & Vogelstein, B. (1983), A technique for 
radiolabeling restriction endonuclease fragments to 
high specific activity. Anal. Biochem., 132, 6-13. 

Fraser, D.W., Tsai, T.R.+ Orenstein, W., Parldn, W.E., 
Beecham, Hj. ,  Sharrar, R.G., Harris, J., Mallison, 
G.F., Martin, S.M., McDade, J.E., Shepard, C.C. & 
Brachman, P.S. (1977), Legionnaires'  disease: 
description of an epidemic of pneumonia. N. Engl. J. 
Med., 297, 1189-1197. 

Georghiou, P.R., DiggeR, A.M., Kielhofner, M.A., Stout, 
J.E., Watson, D.A., Lt, pski, J.R, & Hamill, R.J. 
(1994), Molecular finge~dnting of Legionella spe- 
cies by repetitive element PCR. J. Clio. Microbial.. 
32, 2989-2994. 

Gomez-Lus, P., Fields, B.S.. Benson, R.F., Martin, W.T., 
O'Connor, S.P. & Black, C.M. (1993), Comparison 
of arbitrary primed polymerase chain reaction, ribo- 
typing and monoclonal antibody analysis for subtyp- 
ing Legionella pneumophila serogroup t. d. Clio. 
Microbial., 31, i940-1942. 

Gdmont, F., [~fevre, M., Ageron, E, & Grimont, P.A.D. 
(1989), rRNA gone restriction patterns of Legionella 

species: a molecular identification system. Res. 
Microbial., 140, 615-626. 

Jantzen, E.. Sonesson, A., Tangen, T. & Eng, J. (1993), 
Hydro×y-fatty acid profiles of Legionella species : 
diagnostic usefulness assessed by principal compo- 
nent analysis. Jr. Clio. MicrobiaL, 31, 1413-1419. 

Joly, J.R., MeKinney, R.M., Tobin, J.O., Bibb, W.F., Wat- 
kins, i.D. & Ramsay, D. (19B6), Development of 
standardized subgrouping schemes for Legionella 
pneumophila serogroup 1 using monoelonal anti- 
bodies. J. Clio. MicrobiaL, 23, 768-771. 

Kostman, J.R., Alden, M.B., Mail'. M., E.dlind. T.D., LiP- 
urea, J.J. & Stull, TrL (1994), A universal approach 
to bacleri-,d molecular epidemiology by polymerase 
chain reaction ribotyping. J. Infect, Dis,, 171, 204- 
208. 

Kostman, J.R., Edlind, T.D., LiPuma, J.J. & Stull. T.L. 
(1992), Molecular epidemiology of Pseudomonas 
cepacia by polymerase chain reaction ribotyping. 
J. Clio. Microbial., 30, 2084-2087. 

Lupski, J.R, & Weinstoek, O,M, (1992)+ Short interspersed 
repetitive DNA sequences in prokaryotic geaomes, 
J. Bacterial., 174, 45254529. 

Meunier, J.R. & Gdmont, P.A.D. (1993), Factors affect- 
ing reproducibility of random amplified polymor- 
phic DNA fingerprinting. Res. Microbial.. 144, 373- 
379. 

OR, M., Bender, L., Marre, R. & Hacker, J. (1991), Pulsed 
field electrophoresis of genomic restriction fragments 
for the detection of nosocomial Legionella pneumo- 
phila in hospital water supplies. J. Clio. Microbial.. 
29, 813-815, 

Sambrook, J., Fritseh, F. & Maniatis, T. (1989), Molecular 
cloning: a laboratory manual, 2nd. ed. Cold Spring 
Harbor Laboratory, New York. 

Schoonmaker, D,  Heimberger, T. & Bitkhead, G. (1992), 
Comparison of ribotyping and restriction enzyme 
analysis using pulsed field gel electrophoresis for dis- 
tinguishing LegioneUa pneumophila isolates obtained 
during a nosocomial outbreak. J. Clln. Microbial., 
30, 1491-1498. 

Struelens, M.J, Maes, N., Rest, F., Deplane, A., Jacobs, 
F., Licsnard, C,, Bomstein, N., Gtimont, F., Lauwers, 
S., Mclntyre. M.P. & Serruys, E. (1992), Genotypi¢ 
and phenotypic methods for the investigation of a 
nosocomial Legionella pneumophila outbreak and 
efficacy of control measures. J. Infect. Dis.. 166, 22- 
30. 

Tateyama, M. (1992), Misleading serological identifica- 
tion of Legionella anita as Legionella bozemonii. 
J. JPN. Assoc. Infect. Dis., 66, 149-155, 

Tenover, F.C., Arbeit, R., Archer, G., Biddle, j., Byrne, S., 
Goering, R., Hancock, G., Hebert, G.A., Hill, B., 
Hollis, R., Hollis, R., Jarvis, W.J., ¥.xeiswinh, B., 
Eisner, B.. Maslow, J., MacDougM, L.K., Miller, M., 
Mulligan, M. & Pfaller, M.A. (1994), Comparison of 
traditional and molecular methods for typing isolates 
of Staphylococcus aureus. J. Clio. Microbial., 32, 
407-415. 

Tompkins, L.S., Troop, N.J., Woods, T., Bibb, W.F, & 
McKinney, R.M. (1987), Malaaular epidcrniolngy of 
Legion,ella species by restriction ez~donuclease and 
alloenzyme analysis. J. Clfn. Microbial, 25, 1875- 
1880. 

Van Belkum, A. (1994). DNA fingerprinting of medi- 



A R B I T R A R I L Y  P R I M E D  P C R  F O R  S T U D I E S  O N  L E G I O N  E L L A  P N E U M O P H I L A  413 

tal ly important microorganisrnz by use of  the poly- 
merase  chain react ion.  Cl in .  M i c r o b i o l .  Rev . ,  "~, 
174-t82. 

Van Belkum, A., Kluytmans, J., Van Leeuwcn, W,, Ba,x, 
R.. Quint, w . .  Peters. E.. Fluit, A .  Vandenbroucke- 
Grau l s ,  C, .  Van  den  Brule ,  A., K o e l e m a n ,  H..  
Me lehe r s ,  W. ,  Mels ,  .1., l~.lalehouni, A., Vanee-  
choutte. M.. Moonens. F., Maes, N., Struelen~. M., 
Tenovea-. U. &: Verbrugh. H.A- (1995). Multicenter 
evaluation of  arbitrarily primed PCR for typing of  

S t a p h y l o c o c c v x  a u r e u s  strains. J. Clin. Microbio t . ,  
33, 1537-1547. 

Van Belkum. A.. S|oaelens. M.J. & Quint, W.O.V. (1993). 
"Typing of  Leg ion~ l la  p n e u m o p h i l a  by polymcrase 
chain reaction mediated DNA fingerprinting. J. Clin. 
Microblol . ,  31,2198-22(10. 

Versaiovic. J,, Koeuth. T. & Lupsk.i, J.!R. (199!), Distribu- 
tion o f  repetitive E~qA sequenceg in eubacteria and 
application to fingerprinting of  bacterial genornes. 
NIdt'leic Acid.~ Rex., 19, 6823-683 I, 


