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ORIGINAL ARTICLE

Twenty-three years of Klebsiella phage typing: a review of phage typing
of 12 clusters of nosocomial infections, and a comparison of phage typing
with K serotyping

I Sechter', F. Mestre* and D. S. Hansen’

!Centra6Laboratories, Jerusatem, Israeq 21§rea de Microbiofogia, Departamento de Bio(og?a and Departamento de Recursos
Naturates, Universitat de s s Batears and IMEDEA (CSIC-UIB), PaGma de MaGorca, Spain, and *The Internationa6Escherichia
and K@&bsiea Reference Centre (WHO), Statens Serum Institut, Copenhagen, and Department of CGnicabMicrobiotogy, H:S
Hvidovre Hospitag Denmark

Objective To review phage typing of 12 c@usters of nosocomia6 Klebsiella infections which occurred between
1]1[4 and 1] ][, and to compare phage typing and K serotyping.

Materials and methods A totabof 47| cGnicaband @boratory Klebsiella isotes were phage typed using 110
different phage preparations and K typed by counter current immunoe@ctrophoresis against [ [ K antisera.

Results A totabof 1Y2 phage types (PT) and 72 K types were found. Thirty-si” phage types and 14 K types
were represented onéy by the reference type strains. Of the remaining 57 K types, 50 couf be subdivided into
from two to 10 phage types . Ten out of 12 céusters of nosocomia6 Klebsiella infections coufd be verified as
outbreaks by phage typing, whereas two ctusters were found to be accumuétions of sporadic cases. K typing
performed retrospectivey confirmed these resués. In addition, for a subset of 104 epidemiotgicady unre@ted
isoates, O typing and pu6ed fie@ ge6e@ctrophoresis typing data were avai@bte. Based on these resufs the
discriminative power of phage typing was found to be comparabé with that of K typing, but phage types were
Gess stab@ and reproducibt.

Conditions In an outbreak situation, phage typing was found to be very usefu§ aGhough it seems ¢ss suitabte
for Gong-term survei@ance purposes.
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INTRODUCTION infection and the route of transmission. Various typing methods
have been used in these epidemiotgica6studies: K-typing Z.—

Klebsiella species are important causes of nosocomia6bintections
72.,2x A recent study pubGshed in Israc6showed that Klebsiella
was the cause of 3] % of 322 episodes of Gram-negative bac-
teraemia and was the most common pathogen of nosocomia6
infections in infants Bx In recent years, the appearance and
spreading of muGipé antibiotic resistant Klebsiella strains have
increased the therapeutic probems encountered A-5x When
severabconcomitant or successive cases of infection occur, typ-
ing is essentia6 (i) to c@rify if these are part of an outbreak or
just coincidenta sporadic cases, and (ii) to identify the source of
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] x biotyping Z0,11x bacteriocin-typing A2x phage typing
Z23—-15x typing by pu6ed fie@ gebeGectrophoresis (PFGE) 4| x
ribotyping 47x and DNA homo(gy anafysis 4| x

For the st 23 years, phage typing of Klebsiella has been used
at the Centra6Laboratories, Jerusaem, where it has proved to
be usefu6in many epidemio@gicabinvestigations. In this paper,
we present a summary of some of these investigations, and a
comparison between phage typing and K serotyping.

MATERIALS AND METHODS

Strains

One hundred and nineteen isoftes from 11 c@sters of noso-

comiab infections in IsraeG 40 isof@tes from an outbreak in
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a neonata6 intensive care unit (NICU) in India (Sperting V,
manuscript in preparation); 14Y isoGtes (102 béod, 41 urine
and two peritonea6 diafysate) from non-outbreak situations,
Hvidovre Hospitag Denmark; [ [ K-serotype reference strains,
Statens Serum Institut, Copenhagen, Denmark; 107 phage-
typing reference strains from the Centra6 Laboratories, Jeru-
saGem, corresponding to phage types 1-112 (reference strains
30 and YY were @ost together with their corresponding phages;
reference strains Y7 and 74 were aGo st but the corresponding
phage preparations were stihavai@b@). The epidemiotgy of
the 102 b®od isoftes from Hvidovre Hospita6 is described
e6ewhere 20x A totabof 47| Klebsiella iso@ates were inctuded
(40[ Klebsiella pneumoniae strains, 52 Klebsiella oxytoca strains, 10
Klebsiella planticola strains, one Klebsiella terrigena strain and |
Klebsiella spp.).

Most isoftes from outbreaks and most of the pairs of iso€tes
obtained from b@od or urine from a sing patient were identi-
cabby K typing and phage typing and may therefore be con-
sidered as cna6 Thus, the number of different strains avai@bte
for a comparison between phage typing and K typing was 3Y3:
42 from outbreaks, |[ from b@od, 2] from urine, [[ K-

serotype reference strains and 107 phage-type reference strains.

Phage typing

Based on previous e” perience with phage typing of Salmonella
21,22x this method was adapted to Klebsiella in 1][4 at the
Centra6 Laboratories, Jerusatem, as a too6to study a hospita6
outbreak in an infant ward. Klebsiella cuGures with we6-
deveped capsubes were setected, and phages that were active
on them were iso@ted from crude sewage 23x The phages
obtained were purified by three times singte paque iso@tion,
and were tested in ten-fo ditutions by the spot technique 23x
Since that time, whenever a cu@Gure was found to be resistant
to the previous phage preparations, a new phage was isofted,
paque purified, and tested on atthe previous isoftes. During
the years 1] [ 4-] 0, a phage-typing scheme was estabGshed based
on sensitivity to 110 phage preparations (numbered 1-112, as
phages 30 and YYwere @st) 24x Testing was performed in two
stages, first with poo6 and then with the respective monovatent
phages at 10 times routine test ditution (RTD), i.e. if the RTD
is 10 * the testing is performed with the difution 107>, This
concentration was preferred in order to avoid weak and uncéear
reactions. Overnight broth cuures were used for testing, but
suspensions of one cotny in 1 mL of broth can a6o be used. A
provisiona6resu@ may be read after onéy 5h of incubation at
35 °C, so the fina6resu may be read in the evening of the same
day or after overnight incubation. The phage type (PT) of a
strain is noted with the number of the phage that is active on
it. If a strain is resistant to a@the phages at 10 RTD, it is tested
with undituted phages and in this case the type is noted with
the number in brackets. A strain that is sensitive to two or three

phages is noted as, for e”amp@ PT 3Y/42/10[. Two strains
reacting to the same phage, one at 10 RTD and the other on6y
undifuted, or two strains reacting, one to a singte phage and the
other to the same phage and to one or two additiona6phages,
are considered c@sely re@ted. A strain resistant to aunditited
phages was recorded as nontypabe (PTNT), and a strain sen-
sitive to more than three phages was considered poGysensitive
(PS).

K typing was carried out at Statens Serum Institut by
countercurrent immuno-etectrophoresis (CCIE) using a modi-
fication of the method described by Padreyman 2Yx An e” tract
was used as antigen instead of a who@ cesuspension 25x The
e’ tract was modified in that it was on€y heated once for 1h at
100°C before centrifugation. A strains with negative or
doubtfu6reactions in CCIE were tested by the c@ssicab Que6-
@ing reaction 2[ x

For a subset of 104 isoGtes (102 bod isoftes and two
iso@tes from peritonea6diaGysate, Hvidovre Hospitag O typing
and PFGE typing were avai@bé. O typing recognizing the O
serogroups O1, O2, O2ac, O3, O4, OY, O[, O7 and O12 was
carried out by an inhibition enzyme-Gnked immunosorbent
assay method as previouséy described 27x PFGE typing was
performed at Statens Serum Institut by incubation of who cet®
DNA in agar ptugs overnight with Xbal Z[x E@ctrophoresis
was carried out on a CHIEF-DR™ II (Bio-Rad Laboratories,
Richmond, CA, USA). Interpretation of the PFGE patterns
was carried out according to Tenover eta6 aowing up to two
genetic events resuing in up to si” bands difference between
two @nes for identica6/ ctosey re@ted strains 2] x

RESULTS

Results of Phage, K, O and PFGE typing

Phage typing of the 47] isoftes identified 1Y2 phage types,
whereas 2[ iso@tes were PS and two iso@tes were PTNT. One
hundred and ten types were sensitive to one phage preparation,
and 42 types were sensitive to two or three phages. Thirty-si’
phage types were on6y found among the phage-type reference
strains. Most of the reference phage-type strains and the isotes
from the IsracG outbreaks, which were phage typed cse to
the date of iso@tion, reacted with on€y one phage, whereas
among cuures tested after a Gnger period of preservation in
agar stabs or frozen at —[ 0 °C in 10% géycero6broth 2[ % were
PS. The highest percentage of PS cuures (57%) was found
among the urine isoftes. No corre@tion between Klebsiella
species and phage type was found.

K typing of the 47| isoftes identified 72 different K types:
[[ K prototypes, four compte” types re@ted to more than
one K type (K10,51, K2Y)Y], K33,3Y, and K3],45) and one
provisiona6 type (K"i27—]4"). Seventeen isofates were non-

typabé (KNT). Fourteen K types were represented onéy by the
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K type reference strains: K4, K13, K22, K35, K40, K4], KY0,
KY1, KY], K5Y, K55, K[ 0, K[ 2 and K72.

Among the subset of 104 isoftes, 73 isoGtes were found to
betong to five O groups (01, 02, O3, O4, and OY), whereas
21 strains were non-typabe (ONT) or rough. PFGE typing of
the 104 isoftes resu@ed in 77 different types whereas five
isoGtes were non-typab& (PFGENT) as they repeatedéy gave a
smear on the ge6.

Sub-division of K types by phage typing

Disregarding the 14 K types represented on6y by their prototype
strain, onfy seven K types corresponded each to a sing@ phage
type: KY, K33,3Y, K42, KY2, KY7, K5] , and K[ 1 corresponded
to PT23, PT[ [, PT1], PT5[, PT]], PT14, and PT15, respec-
tivey. Inversefy, however, on¢y four of these phage types
(PT23, PT1], PT5[, PT15) corresponded onéy to a singte K
type.

The remaining 51 K types cou@d each be subdivided into
from two to 10 phage types; some ¢ ampées of the subdivision
of K types by phage typing are shown in Tabé 1. For 42 K
types two or more strains were found to betng to a given
phage type (e.g. for K type K2[, three strains be@nged to phage
type 10Y, whereas two other strains were PT51 and PT53,
respectivefy).

Phage typing compared with O:K serotyping and PFGE typing

By combining O and K serotyping, PFGE typing, and cGnica6b
information we found that the subset of 104 isotes from
Hvidovre Hospita6consisted of 71 sing isoftes, seven pairs of
identicabisottes, two triptets of identicabisoftes, and fina@y a
group of three iso@tes giving unc@ar resus. Two of these @st
three isotes cou@ theoreticay be identicag as PFGE type NT
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is not regarded as an e’ c@usive type (a three iso@tes were
K. pneumoniae O3:K31, but had PFGE type 14, 3] and NT,
respectively). Apairs/triptets of the same PFGE type betonged
to the same O:K serotype (data not shown). Using these data
as references the phage-typing resufis were evatated.

Among the 104 isoGtes, 53 difterent phage types and 4YK
types were found. E@ven iso@tes coutd not be assigned to any
phage type (two PTNT and nine PS) and si” strains were KNT.

The 71 sing@ strains betonged to Y3 phage types (nine
iso@tes were PS), and to 43 K types (si” isotes were KNT).
Out of the seven pairs of identica6strains, four pairs had the
same phage type: PT27, PT40, PT10Y and PTNT; one pair
had partiaéy identica6phage types: PT3[ versus PT (3[,112);
and two pairs differed in phage type: PT41 versus PT(112) and
PT(37) versus PT(5],10Y). Among both tripéets, two of the
strains were of same phage type whereas the third strain either
had a partia@y identica6 phage type or a different phage type:
PT104,4Y, PT104,4Y, PT104; and PT([ 3), PT([ 3), PT73. For
the tripet of possib identica6 strains, the phage types were
identica6or very simi@r: PT3Y, PT3Y, PT3Y,42. Thus, in seven
out of these nine pairs/tripGets, phage typing correct€y indicated
an epidemiotgica6 re@tion between strains. However, three
pairs of strains identica6in O:K and PFGE type had different
PTs: O1:K3] PFGE type |7, but PT41/PT(112); O1:K71
PFGE type 113, but PT(37)/PT(5] 10Y); and O1:K3 PFGE
type 51, but PT73/PT([ 3).

Among the pairs (and tripéets) that were identicabby afour
typing systems were three pairs of iso@tes from three patients
cach with two bacteremia episodes. The three pairs of isoGtes
were obtained 3, 7 and 31 weeks apart, respective6y.

Phage-typing results from 12 nosocomial outbreaks

Tab6e 2 summarizes the typing resufs of the 12 ctusters of

nosocomia6infections.

Table 1 Examples of subdivision of

K types by phage typing K type Phage types K type Phage types

1 37,93 25 35, 42, 107, (35, 42, 107)
2 40,93 27 105, 61, 63
3 28, 43, 56, 73, 83, 100 28 7, 25,64
6 28,73,99 31 21, 35, 37, 54, 87, 101
7 22,79 38 52, 60, 70
8 102, 2, 106 39 41,90
9 46, 45 45 25,108, 110, 111

12 38, 39, 89 47 24,38, 47,52

14 57, 51,77, 96, 109 54 9,29, (9, 83)

15 32,39, 106 55 42,35, 45

16 12, 27, 65, 83 (12, 27) 60 87, 88, (1, 87)

17 36, 15, 84, (15, 36), (36, 84) 62 53, 86, 20

18 33,78, 96, 13, 91, (13, 33) 74 69, 14, 56, 87

Phage type underlined: phage type found more than once in the same K type.
Phage type in brackets: Strain sensitive to two or three phage preparations.
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Table2 Phage and K types of strains from 12 clusters of nosocomial Klebsiella infections

PT22, K80 (1); PT23, K5 (1); PT24, K47 (1); PT25, K45 (1)
PT8, K54 (14); PT26, K46 (1); PT28, K6 (1); PT29, K54 (1)
PT34, K21 (10); PT57, K14 (9); PT71, K61 (1); PT72, K"i28-94"% (1); PT73, K6 (1); PT74, K35 (1); PT76,

PT34, K21 (5); PT40, K2 (3; hands of nurse and balance for infants)
PT17, K20 (1); PT42, K25 (1); PT98, K24 (1); PT100, K3 (1); PT102, K8 (1)

PT3, K”i28-94"2 (28; blood-neonates: 2; nasal and skin swab - staff: 1; water for feed preparation);
PT2, KNT (1; tap water); PT40, K2 (4; throat swab - staff); PT53, K62 (2; throat and skin swab —

staff); PT84, K17 (1; throat swab - staff); PT49, K23 (1; milk after feeding)

Period Hospital Phage type, K type (no. of cases; source)
1 Aug.-Sept. 1974 Tz PT57, K14 (9; milk powder)
2 June 1978 Af
3 Feb.-March 1979 Af
4 April-June 1980 Sz

KNT (1); PT78, K18 (1)

5 Sept. 1980 HI
6 Nov. 1980 HI
7 March 1985 w PT102, K8 (7)
8 June 1986 TH PT106, K35 (11); PT40K2 (10)
9 Aug. 1987 HI PT14, K69 (9); PT37, K1 (1); PT52, KNT (1)
10 Feb.-March 1994 NICU®
11 Dec. 1996 TH PT14,28, K3 (4)
12 Feb. 1997 W PT35, K25 (3 infants and 1 adult)

2Provisional K type. ® Neonatal intensive care unit in India.

Remarks: In cluster 1, 5, and 10 a source was identified. Cluster 4, 5, and 8 was caused by two different phage types. Cluster 4, 9 and, 10

included also sporadic cases. Cluster 2 and 6 only sporadic cases.

Aoutbreaks occurred among infants or neonates. The Kleb-
siella iso@tes were cuGured from patients and the environment
during periods varying from | to 43 days. [so@tes were primari6y
phage typed, whereas K typing was performed Gter.

In outbreaks 1, [, 11, and 12 aGisoftes betnged to same
phage and K type, whereas in outbreaks 4, Y, and 7 isoGtes
betnged to two phage and K types. In addition to the outbreak
strain (s) in outbreaks 4, |, and 10 strains a6o betnging to
various other phage types were iso@ted from patients or staff
members (conization/sporadic infections). Finaéy, a common
source of infection was rutd out in the two c@usters 2 and 5,

since atiso@tes were of different phage types (and K types).

DISCUSSION AND CONCLUSIONS

Phage typing of 12 c@usters of nosocomia6infections confirmed
10 of them as outbreaks, whereas two ctusters were shown to
consist of sporadic infections. In addition, the source of infec-
tion or the route of transmission cou@ be demonstrated in
severab cases. One chuster was shown to be made up of two
consecutive outbreaks. These phage-typing resufis were @Gter
found to be in totabagreement with resués based on K typing.

The use of typing in epidemiotgica6studies reGes on the
supposition that the type of the outbreak strain remains
constant. Phage typing is based on the presence of a phenotypic
eement, a specific receptor at the surface of the bacteriabce
and a genotypic eement, the recognition of the phage-DNA
by the enzymes of the strain Z0x The phage type of a strain can
be modified by 6ss, gain or aGeration of the surface receptor, by
Gysogenization or by incorporation of a p@smid in the ce®B1x

These events may reduce the sensitivity of a strain to a specific
phage, or even render it compfetey resistant to one or more
phage(s). The reverse, however, coud a6o take pGce, the strain
coufd become sensitive towards more phages.

The appearance of sensitivity to one or more additiona6
phages was described many years ago by Anderson and FeG” as
‘the process of degradation” which ‘may take p@ce in a series
of progressive stages” 2x In the most advanced stages, degra-
dation resufs in sensitivity to many phages (pofysensitivity).
The stabiGty of the phage types found in the three patients with
bacteremia episodes 3, 7 and 31 weeks apart ifustrates that it is
not in the Gving organism, but after repeated passages on arti-
ficiabmedia or in cufures preserved for Gong periods that the
phenomenon of degradation is mainéy observed. We found that,
in severa6cases when phage types were different in otherwise
identica6strains, this difference couf be interpreted as a resu
of the beginning of degradation of one of the isoGtes.

Our e’ perience, as ifustrated by the study of the 12 céusters
of nosocomia6infections presented here, for which phage typing
was performed short6y after the iso@tion of the cufures, is that
modification of phage types does rare€y occur during outbreaks
of Gmited time. However, as Pieroni eta6 have shown ZA4x
it is important that any conc@sion regarding epidemiotgica6b
significance that is based on the identity of phage types shou@
aGways be supported by the epidemiotgica6evidence.

AGhough some phages are used for identification purposes
as, for e amp@, of species B3x of serogroup B4x or of serotype
BYx the main use of phages is for typing. As reported by
others 214,15x we found that most Klebsiella K types coud be
subdivided by phage typing. This makes it possib to achieve
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a more discriminating typing by using phage typing in a hier-
archica6system. But, as indicated above, not aphage types and
K types are independent, as the specific receptor for some
phages is the capsu@r po6ysaccharide (K antigen). Using such
phages for ‘serotyping’ is a we@known approach in E. coli
where norma6serotyping, for e” ampé the K1 and K'Yantigens,
is made difficu@ by their poor immunogenicity.

Evatuation of phage typing in a non-outbreak situation was
possibe by comparing phage typing with O:K serotyping and
PFGE typing for a subset of 104 cGnica6isottes. We found that
the discriminative power of phage typing is comparabte with
that of K typing. When @oking at number of types and number
of strains per type, phage typing even seems to perform better
(more types), but phage typing is Gess stabe and reproducibée
than K typing. This probab6y reflects the fact that the K antigen
is ¢’ pressed with more stabi6ity than most of the factors invo6Gred
in phage typing. The imp6cation of this is that aGhough phage
typing in an outbreak situation has been found very usefuq it
seems (ess suitabé for Gong-time survei@ance purposes.

One advantage of phage typing is the speed. As soon as the
bacterium has grown, it can be phage typed using a suspension
of a sing@e cotny in broth. Provisiona6resus can be read after
5h, and the fina6resufs can be obtained in the evening of the
same day.

At present, phage typing is on6y avai@b( at a few speciaGzed
centres. However, in a setting where nosocomia6 Klebsiella
infections are common and economic resources are insufficient
for DNA technotogies, phage typing is stiban attractive typing
method. Phage typing can in principe be performed in any
@boratory wiffing to invest the necessary time and effort, and
it is cheap as no speciabinvestment for equipment or reagents

is needed.
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