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Group B streptococci (GBS) are typed by capsular polysaccharide type. IS1381, an insertion

sequence previously described in Streptococcus pneumoniae, was cloned from GBS strain A909.

The presence of multiple copies of IS1381 in A909 suggested that IS1381 analysis might be

an effective subtyping tool. IS1381 was found by Southern blot analysis to be present in 18

(72%) of 25 of unrelated GBS isolates tested. IS1381 analysis allowed discrimination between

strains that contain IS1381 with a discriminatory power 199%. Eight of 8 sets of epidemiol-

ogically related isolates containing IS1381 give identical or nearly identical patterns of IS1381

insertion. For 2 maternal/infant sets, a single additional insertion was seen in 1 strain, sug-

gesting that an additional insertion occurred between maternal colonization and infection of

the infant. Insertion patterns of IS1381 are an effective tool for subtyping GBS.

Group B streptococci (GBS) are the leading cause of sepsis

and meningitis in neonates in the United States. Typing is done

by serotyping for capsular polysaccharide; types most com-

monly isolated from humans are Ia, Ib, II, III, and more re-

cently, types IV, V, and, occasionally VI, VII, and VIII [1].

Subtyping methods allow for discrimination between unrelated

strains of the same capsule type. Nongenetic subtyping methods

are of limited use. Several genetic analyses have been developed

for subtyping GBS, including studies of restriction fragment

length polymorphisms of ribosomal RNA genes [2–4], a variety

of other genes [5], and of total chromosomal DNA (restriction

enzyme analysis [REA]) [3, 6–8]. Polymerase chain reaction

(PCR) testing using random primers (RAPD) has been recently

applied to GBS [9, 10]. These genetic analyses have a high

discriminatory power (10.90).

Insertion sequences (ISs) have also been used. A previous

study identified an IS in GBS, IS1548, and found that it was

present in most isolates from adult patients with endocarditis,

but in few isolates from women vaginally colonized by GBS

[11]. We have identified an IS (IS1381) in GBS. IS1381 had
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previously been described in Streptococcus pneumoniae [12],

where it is present in multiple copies. We hypothesized that

IS1381 might also be present in multiple copies in GBS and

could be used for subtyping. We determined the prevalence and

pattern of insertion of IS1381 from 15 independent GBS isolates

and from 10 sets of epidemiologically linked maternal-infant

strains by using Southern blot analysis.

Materials and Methods

Bacterial strains and plasmids. Nonpaired GBS strains were

obtained from a library of GBS isolates contracted by the National

Institutes of Health and maintained by Dr. Craig Rubens [13].

Epidemiologically linked strains were collected by 2 of the authors

(P.F. and S.H.), and were characterized by P.F. as described else-

where [14]. A909-F1 is a mutant of A909, which was generated by

use of the transposon Tn917. PT7-Blue was obtained from Nov-

agen (Madison, WI).

DNA techniques. The transposon insertion site was cloned by

digestion of pBluescriptSK1 and A909-F1 DNA with HindIII,

ligation of digested A909-F1 DNA and plasmid DNA, and trans-

formation of the ligation reaction into DH5-a. Transformants were

screened by colony hybridization by use of Tn917 as a probe with

the Genius kit (Boehringer-Mannheim, Mannheim, Germany). A

single positive clone (pJAP101) was isolated. Primers were synthe-

sized by Gibco/BRL (Gaithersberg, MD). Primer sequences are IS

reverse primer, ATTTTTTTAGGACGATTGATTGATTTT; IS

ITR primer, GATTAGAGTTACTGCGAAAC. PCR was done by

use of reagents from Sigma (St. Louis) and done in a GeneAmp

2400 thermocycler (Perkin-Elmer, Norwalk, CT) per the manufac-

turer’s protocol. Samples were heated to 947C for 1 min; then 28

cycles of 947C for 20 s, 557C for 30 s, and 727C for 2 min; then

727C for 7 min. DNA sequence analysis was done by use of equip-
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ment and reagents from the ABI-Prism system according to the

manufacturer’s protocol. Computer analysis was done by use of

Genetics Computer Group software (University of Wisconsin,

Madison).

Restriction enzyme digestion and Southern blot hybridization

were done by use of the Genius kit (Boehringer-Mannheim). The

probe for Southern blot analysis was generated by digesting

pJAP101 with DraI and HindIII, isolating a 564-bp internal frag-

ment of IS1381 by agarose gel electrophoresis, and labeling the

fragment with digoxigenin by using the Genius kit. Hybridization

was done in 53 standard saline citrate (SSC) with 0.1% sodium

sarcosine, 0.02% SDS, 50% formamide, and 2% blocking agent

from the Genius kit at 427C overnight. The blot was washed twice

with 23 SSC with 0.1% SDS at 257C for 15 min, and then twice

with with 0.1% SDS at 687C for 15 min. Bound probe0.1 3 SSC

was detected, as described in the Genius protocol, by autoradio-

graphy. The sequence of IS1381 from GBS is available from Ge-

nebank accession number AF064785.

Results

Cloning of IS1381 from GBS strain A909. Identification of

an IS in the GBS strain A909 was incidental to cloning of DNA

flanking the Tn917 insertion in a transposon mutant of A909

(A909-F1). A909-F1 is a fibronectin adherence mutant isolated

from a library of Tn917 mutants. DNA flanking the transposon

insertion in A909-F1 was cloned into pBluescript SK1

(pJAP101). Southern blot hybridization analysis of A909 DNA

and A909-F1 DNA digested with EcoRI revealed that se-

quences homologous to pJAP101 hybridized to multiple frag-

ments (figure 1A). Subsequent nucleotide sequence analysis of

pJAP101 revealed a region homologous to the 3′ portion of

ISL2. These results suggested that pJAP101 contains a partial

insertion sequence.

We cloned the remaining 5′ portion of the IS by using PCR

with A909 DNA as template and one primer consisting of

known nucleotide sequence of the IS (IS reverse primer) and

a second primer consisting of the inverted terminal repeat (IS

ITR primer). A 450-bp product was recovered by use of pT7

blue (pJAP104). Nucleotide sequence analysis of pJAP104 re-

vealed that we had cloned the remaining 5′ portion of the IS.

By using the sequences from these 2 clones ,we generated a

putative sequence for the entire IS. Subsequent homology

searches revealed that the putative IS from A909 had a high

degree of homology to IS1381 (94%), a newly submitted IS

from S. pneumoniae.

Analysis of IS1381 insertions in the chromosome of multiple

GBS strains. If IS1381 was present in most strains of GBS

and gave distinct Southern blot patterns for unrelated strains,

then IS1381 would be a useful subtyping tool. To test the prev-

alence of IS1381 in GBS clinical isolates, we used DNA from

15 unrelated GBS clinical isolates from 6 different serotypes

for digestion with EcoRI and Southern blot analysis (figure 1).

IS1381 was present in 10 (67%) of 15 strains tested. When we

combined these data with that from the epidemiologically

linked strains that demonstrate IS1381 in 8 of 10 unrelated sets

of strains, the total prevalence of IS1381 in the strains tested

was 18 (72%) of 25. These results demonstrate that IS1381 was

present in a high percentage of GBS strains.

The banding pattern for each strain was unique, except for

2 sets of isolates containing only a single copy of IS1381, which

contain an identical restriction fragment. Although these strains

were isolated from the same hospital and are of the same se-

rotype, they are not epidemiologically related. These results

suggest that identical Southern blot patterns for single inser-

tions of IS1381 may occur in epidemiologically unrelated iso-

lates on rare occasions.

Fifteen of 18 strains containing IS1381 contained multiple

copies. Banding patterns for each these 15 strains was unique.

Furthermore, although pairs of strains hybridized to up to 2

identically sized restriction fragments, each isolate could be

distinguished from all other isolates based on at least 2 frag-

ments unique to 1 of the strains. We conclude that the IS1381

analysis in strains containing IS1381 allows for differentiation

of epidemiologically unrelated strains on the basis of the num-

ber and size of restriction fragments containing IS1381 with a

discriminatory power of 99.3%.

Analysis of IS1381 insertions in maternal-infant pairs. We

hypothesized that epidemiologically related isolates would give

identical or nearly identical IS1381 insertion patterns. To test

this hypothesis, we analyzed 10 maternal-infant sets (figure 2).

Five sets were collected by Dr. Hillier at hospitals at the Uni-

versity of Washington and the University of Pittsburgh (figure

2A), and 5 sets were collected by Dr. Ferrieri at the University

of Minnesota (figure 2B). DNA was digested with EcoRI and

IS1381 insertions analyzed by Southern blot. Eight of 10 sets

of related isolates contained IS1381. Identical patterns were

seen for all isolates within a set for 6 of 8 sets. Two pairs (lanes

12, 13 and lanes 14, 15) gave patterns that were nearly identical

but differed by the addition of a single fragment in 1 of each

pair. The additional 2 high–molecular-weight bands seen in lane

15 were also seen in lane 14, with longer exposure times. Be-

cause this result may have been caused by partial digestion of

the DNA with EcoRI, DNA was digested on 3 different oc-

casions; each blot gave identical results. These data indicate

that for 2 of the strain sets tested, IS1381 appears to have been

deleted or duplicated during the time period between the iso-

lation of the maternal and fetal isolate.

Discussion

These results demonstrate that IS1381 is present in 72% of

unrelated GBS isolates tested and that 8 of 8 sets of epide-

miologically related isolates give identical or nearly identical

patterns of IS1381 insertion on Southern blot analysis. In con-

trast, of 18 unrelated strains, distinct patterns of IS1381 inser-
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Figure 1. Southern blot analysis of DNA isolated from 14 different strains and probed with IS1381. Strains with serotypes - lane 1, O90, type

Ia; lane 2, H36B, blood, type Ib; lane 3, DK15, type Ib; lane 4, DK14, type Ib; lane 5, B201, type V; l ane 6, 515, type Ia; lane 7, D136C(2),

type III; lane 8, NCTC 10/84, type V; lane 9, NT6, human, type VI; lane 10, DK23, type II lane 11, M781, type III; lane 12, B523, type Ia; lane

13, M709, type Ib; lane 14, COH1, type III.

tion were seen for all isolates, except for 2 unrelated sets of

strains, which contained a single identical insertion. These re-

sults suggest that analysis of insertion patterns of IS1381 is an

effective tool for subtyping GBS for strains that have IS1381.

One limitation of this method is the absence of IS1381 in a

significant percentage of strains (28%). However, if 2 strains

are discordant for the presence of IS1381, this demonstrates

that the 2 strains are unrelated. One would expect that the

unrelated pairs of strains would both lack IS1381 (null result)

and that the analysis would be uninformative, in ∼8% of cases.
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Figure 2. Southern blot analysis of epidemiologically related isolates

from mothers and their infected infants probed with IS1381. A, Strains

isolated by S.H. from the University of Washington and the University

of Rochester. B, Strains isolated by P.F. at the University of Minnesota.

Linked strains are indicated by brackets. [lane 1, HST 1586, maternal

amniotic fluid, type V; lane 2, HST 1586, infant blood, type V]; [lane

3, PIA-00012 , infant spleen, type II; lane 4, PIA-00012, mother pla-

centa, type II; lane 5, PIA-00012, infant lung, type II]; [lane 6, GBS

1911, infant blood, type Ia; lane 7, GBS 1911, mother vagina, type Ia];

[lane 8, PIA-00010, infant blood, type II; lane 9, PIA-00010, mother

vagina, type II]; [lane 10, GBS 895, infant spinal fluid, typ e Ia; lane

11, GBS 895, mother, placenta, type Ia]; [lane 12, 81–410, mother,

vagina, type III; lane 13, 81–412, infant, nares, type III]; [lane 14,

82–292, mother, vagina, type III; lane 15, 82–-294, infant, nares, type

III]; [lane 16, 81–224, mother, vagina, type III; lane 17, 81–226, infant,

nares, type III]; [lane 18, 83–285, mother, vagina, type III; lane 19,

83–287, infant, nares, type III]; [lane 20, 81–108, mother, vagina, type

III; lane 21, 81–122, infant, blood, type III].

Null results should be confirmed with a positive-control strain,

such as A909.

It is notable that IS1381 analysis can detect differences be-

tween epidemiologically linked strains. In 2 cases, a single ad-

ditional insertion was found between 2 strains isolated at de-

livery from maternal and infant sources. The presence of

multiple other insertions on identically sized fragments strongly

suggests that these 2 strains are related. The additional IS1381-

containing fragment suggests that an insertion occurred during

the time the mother was colonized. This finding demonstrates

that IS1381 transposes frequently, leading to rapid divergence

of strains. This technique can therefore differentiate between

some strains that diverged recently from a common parent.

Other epidemiological techniques do not distinguish between

epidemiologically linked strains.

Previously described nongenetic subtyping methods are of

limited use, whereas genetic subtyping methods are highly dis-

criminatory. Ribotyping is straightforward to perform and eas-

ily analyzed, but unrelated strains often give identical ribo-

typing patterns [15]. REA and pulsed-field gel electrophoresis

are useful for subtyping strains of types Ia, Ib, II, and III, but

of limited utility in subtyping strains of type V [6]. Restriction

enzyme analysis of chromosomal DNA (REAC) is highly dis-

criminatory and can be used to subtype any GBS strain [3,

6–8]. RAPD can also be effectively used to discriminate GBS

strains of the same capsular polysaccharide type, whereas ep-

idemiologically linked strains give identical patterns [9]. IS1381

may provide a valuable complement to these analyses. The

simplicity of the analysis allows IS1381 analysis to be used as

an initial screen, with null results analyzed by use of other

genetic techniques, such as RAPD or REAC. Alternatively, the

rapid divergence of IS1381 sequences may allow for differen-

tiation of otherwise identical strains, and IS1381 analysis can

be used as a secondary screen for strains that give identical

patterns with RAPD or REAC.

In summary, IS1381 analysis provides a simple and sensitive

technique for discriminating between most unrelated GBS iso-

lates, while resulting in identical or near-identical patterns for

epidemiologically linked GBS isolates. These results suggest

that IS1381 analysis is a useful method for subtyping GBS

strains.
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