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Recent clusters of patients with acute rheumatic fever and 
invasive group A Streptococcus (GAS) have stimulated renewed 
interest in the epidemiology of streptococcal infections. We 
compared conventional serotyping for M and T antigens and 
serum opacity factor with field inversion gel electrophoresis 
(FIGE) for distinguishing among GAS. Fifteen pairs of throat 
isolates obtained from children positive for GAS before and after 
therapy were evaluated by conventional serotyping and by FIGE 
after SmaI digestion. Ten of the 15 pairs were identical by 
serotyping. FIGE correctly identified the 10 concordant and 5 
discordant pairs. Individual clones were identified within each M 
type tested, including analysis performed on additional isolates 

of M 1 and M3 obtained from the Centers for Disease Control and 
Prevention. This preliminary experience suggests that FIGE can 
successfully determine whether serial isolates from a given pa- 
tient represent persistence of one strain or acquisition of a new 
strain of GAS and that this method might provide an alternative 
typing system for GAS. (Pediatr Res 38: 988-992, 1995) 

Abbreviations 
GAS, group A streptococcus 
FIGE, Field inversion gel electrophoresis 
RFLP, restriction fragment length polymorphorism 
OF, opacity factor 

GAS is responsible for a wide array of clinical manifesta- 
tions including suppurative infections and nonsuppurative se- 
quelae such as rheumatic fever and glomerulonephritis (1). The 
recent clusters of patients with acute rheumatic fever and 
invasive GAS have stimulated renewed interest in the epide- 
miology of streptococcal infections. New typing methods for 
the differentiation of various strains of streptococci have been 
described. One such method, pulsed-field electrophoresis, uti- 
lizes DNA RFLP to distinguish among strains of the same 
bacterial species. The purpose of this study was to compare 
conventional M and T type antigen testing with FIGE, a type of 
pulsed-field electrophoresis, for distinguishing among strains 
of GAS. 

METHODS 

therapeutic efficacy of penicillin and cefadroxil. Cultures were 
performed before and after treatment. Organisms were con- 
firmed to be GAS by the Streptex method (Wellcome, Dart- 
ford, UK). Fifteen patients who had positive cultures 3-5 d 
after completion of antibiotic therapy were labeled "bacterio- 
logic failures," and their paired isolates were sent to the 
Centers for Disease Control and Prevention (CDC) in Atlanta, 
GA, for M and T typing (2) as well as determination of serum 
OF. 

In addition, nine isolates of type M1 and 10 isolates of type 
M3 GAS from diverse geographic areas within the United 
States were obtained from the CDC for evaluation by FIGE. 
Strains within these two sets of bacteria were epidemiologi- 
cally unrelated. 

Isolation of DNA in agarose plugs. After overnight growth 

Study isolates. Children with pharyngitis caused by GAS in 10 mL of Todd-Hewitt broth (Becton ~ ick inson ,  cock- 

were enrolled at our center in an ongoing study comparing the eysville, MD) at 37"C, bacteria were centrifuged, and the 
resulting pellet was suspended in 5 mL of PIV buffer (1 M 
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DNA sample mold (Bio-Rad, Hercules, CA). After solidifica- Table 1. Results of M and T typing and determination o f  OF 
tion, the plugs were incubated overnight at 37°C in 5 mL of 
freshly prepared lysis buffer (1 M NaC1, 100 mM EDTA, pH 
7.5, 6 mM Tris-HC1, pH 7.6,0.5% Brij 58,0.2% deoxycholate, 
0.5% Sarkosyl, 20 pg/mL RNase A, 2 mg/mL lysozyme). 
Lysis buffer was removed and replaced with freshly prepared 
ESP buffer (0.5 M EDTA, pH 9-9.5, 10% Sarkosyl, 100 pg/ml 
proteinase K) for overnight incubation at 50°C. ESP was then 
removed and the plugs were washed three times with TE 
buffer(1 M Tris-HC1, pH 8, 0.25 M EDTA) at 37°C for 30-min 
intervals and stored at 4°C. 

Restriction enzyme digestion. Three 4-mm slices of the 
plugs were digested with 24 U of SmaI, ApaI and S ' I  enzymes 
in their respective 1 X restriction buffers (New England Bio- 
labs, Beverly, MA) and placed at room temperature (SmaI and 
ApaI) and at 50°C (S'I) for at least 16 h. Excess restriction 
buffer was suctioned off. The plugs were melted in a waterbath 
at 65°C and loaded into wells of a 1% agarose gel (SeaKem LE 
Agarose, FMC Bioproducts, Rockland ME) along with the h 
ladder from Saccharomyces cerevisiae (New England Biolabs) 
for DNA size standards. 

FZGE. FIGE was performed at 4-8OC using a Switchback 
Pulse Controller (Hoefer Scientific Instruments, San Francisco, 
CA) with a voltage gradient of 8 V/cm. Conditions for FIGE 
included an initial forward pulse of 0.6 s, a final forward pulse 
of 17.4 s, a ratio of forward to reverse pulse duration of 3:1, 
and a total run time of 40 h. The gels were then stained with 
ethidium bromide and photographed under an UV light source. 

Interpretation of FZGE. Migration of DNA fragments was 
compared with that of the h ladder DNA standards. Bands 
falling in the 50-250-kb window were used for the analysis. 
Interpretation of clonal relationships was performed according 
to the recent proposal of Goering (3). Isolates were considered 
identical if there was complete agreement between the band 
patterns. Isolates were categorized as clonally related if there 
was no more than a three-band difference between patterns (3). 
Finally, isolates were considered clonally unrelated if there 
was more than a three-band difference between them. 

RESULTS 

Initial evaluation was performed using SmaI, ApaI and S ' I  
on eight separate clinical isolates (not shown). SmaI was found 
to produce an average of 10 bands in the 50-250-kb range. 
ApaI produced a similar but less distinct number of bands, 
whereas S'I produced only about four or five bands in this 
window. SmaI was chosen for the remainder of the analysis in 
this study. 

Ten pairs of GAS isolates collected before and after antibi- 
otic treatment were found to be identical by M and T typing 
(Table 1) indicating that the original pharyngeal strain per- 
sisted despite therapy or that the patients were carriers of GAS. 
The remaining five patients had different M and T type strains 
recovered before and after treatment, indicating loss of the 
original strain and acquisition of a new strain of GAS. 

FIGE correctly identified the 10 concordant and five discor- 
dant pairs (Fig. I). In the latter case, differences between the 

isolates of GAS recovered before and qfter antibiotic treatment 
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pairs always exceeded three bands indicating that the pairs 
were not clonally related. 

Six GAS isolates of type M3, T3, OF negative from four 
patients were compared. Four of these had identical patterns, 
and the other two (obtained from the same patient) differed 
from the rest by only one band (Fig. 2, lanes 7 and 8), 
indicating that these isolates are clonally related. Similarly, a 
comparison of four isolates (two each from two patients) 
serotyped as M nontypeable, T 5/27/44, OF negative, revealed 
identical patterns within the pairs (Fig. 2, lanes 9 with 10 and 
lanes 11 with 12). However, a difference of five bands between 
the pairs was noted. This probably means that these strains 
were two different M types with the same T type pattern (i.e. 
M5 and M27 are both T 5/27/44, OF negative). 

FIGE was performed under identical conditions on 10 type 
M3 isolates of GAS obtained from the CDC. Nine of these 
isolates had identical band patterns (Fig. 3). The tenth isolate 
differed from the rest by one band, indicating that these strains 
are all clonally related. Similarly, Figure 4 shows a comparison 
of nine M I  isolates obtained from different geographic loca- 
tions in the United States. Although there was more hetero- 
genitity among the electrophoretic patterns from these M I  
strains than that seen among M3 strains, they differed from 
each other by no more than three bands. In contrast, they 
differed by more than three bands from each of the other 
serotypes evaluated in this study. Thus, these isolates also 
appear to be clonally related. 
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Figure 1. Typical FIGE analysis for GAS after digestion with SmaI. Lane 1, 
A DNA concatemers (from S. cerevisiae) expressed in kb. Lane 3, M NT, T4, 
OF-; lane 4, M3, T3, OF-; lane 5, M NT, T12, OF-; lane 6, M NT, T28, 
OF-; lane 7, M NT, T28, OF+; lane 8, M NT, T11/12, OF-; lane 9, M12, 
T12, OF-; lane 10, M12, T12, OF-; lane 11, M12, T12, OF-; lane 12, M12, 
T12, OF-. Discordant pairs from three patients are shown in lanes 3 and 4, 5 
and 6, and 7 and 8. Concordant pairs from two patients are seen in lanes 9 
through 12. 

Figure 2. Results of FIGE on 10 isolates from this study. Lane 1, A DNA 
concatemers (from S. cerevisiae) expressed in kb. Isolates in lanes 3 through 
8 were typed M3, T3, OF-. A difference of only one band was seen between 
these isolates, indicating that these strains are all clonally related. Lanes 9 
through 12 were four isolates of M nontypeable, T 5/27/44, from two patients. 
Identical patterns were seen in each of the two isolates recovered from the 
same patient (lanes 9 with 10 and lanes 11 with 12) hut a five-band difference 
was noted between the two pairs. 

DISCUSSION 

Although the frequency of streptococcal pharyngitis has 
remained essentially unchanged over the past five decades, the 
severity of infections and the frequency of nonsuppurative 

Figure 3. Results of FIGE on 10 M3 isolates of GAS obtained from the CDC. 
Lanes 1 and 11, h DNA concatemers (from S. cerevisiae) expressed in kb. 
Lanes 2-10, isolates identified as M3 by CDC. 

Figure 4. Results of FIGE for M1 isolates obtained from the CDC. Lane 1, h 
DNA concatemers (from S. cerevisiae) expressed in kb. Lanes 3 through 10 
and lane 12, M1 strains from the CDC. The pattern occurring most frequently 
is seen in lanes 3, 5 through 8, 10, and 12 and was labeled I. FIGE patterns of 
isolates in lanes 4 and 9 differ from I by one band and was labeled 1'. Lane 11, 
isolate initially sent as "MI" but identified by FIGE as M3. Repeat serotyping 
by the CDC verified isolate as M3. Lane 13, isolate originally sent as "M3" 
with FIGE pattern unrelated to any of our other isolates. Repeat serotyping 
identified this strain as M13, T3/13, OF+. 

complications (especially rheumatic fever) has been variable. 
In the 1980s, a new wave of severe and invasive GAS infec- 
tions occurred characterized by the recognition and increasing 
occurrence of a toxic shock-like syndrome accompanied in 
some cases by myositis, fasciitis, and deep tissue infections 
(4-6). Simultaneously, a resurgence of patients with rheumatic 
fever were documented in several parts of the United States 
and Europe (7). This increase in the frequency of severe GAS 
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infections has been associated with an increased proportion of 
of certain serotypes of GAS that often produce mucoid colo- 
nies on blood agar plates; many of these isolates produce 
streptococcal pyrogenic exotoxins, in particular toxin A, which 
had been l;ncommon for many years (8). M types 1 and 3 in 
particular showed significant increases during this period and 
were more likely to be associated with invasive and sometimes 
fatal infections (9). 

These clinical phenomena have evoked renewed interest in 
the epidemiology and pathogenesis of streptococcal infections. 
Serologic classification systems based primarily on the pres- 
ence of specific M and T protein antigens (10) and detection of 
OF production (1 1) remain the "gold standard" for accurate 
identification of GAS in epidemiologic studies (2). Since the 
first recognition of the M protein, approximately 80 antigeni- 
cally different types have been described. However, there are 
several shortcomings to traditional serotyping. Many GAS 
isolates are currently not M protein typeable because of either 
poor sensitivity or a lack of availability of appropriate M 
antisera. Currently, antisera are available only for 42 M types 
at the CDC. More than 50% of isolates evaluated annually in 
their laboratory are considered M nontypeable. Accordingly, 
when a strain is found to be M nontypeable, T typing and/or 
OF analysis is used to trace the epidemiology of infection. 

M antisera are laborious and expensive to prepare because of 
poor immunogenicity of some M proteins. Thus, the small 
number of reference laboratories performing M typing use their 
own antisera, making comparison of serotyping results be- 
tween laboratories difficult. Additionally, M typing is depen- 
dent on phenotypic expression of the M protein, which may be 
affected by environmental growth conditions. Thus experimen- 
tal conditions may influence the identification of a strain as M 
nontypeable. Finally, preliminary comparisons of alternate mo- 
lecular methods with M typing suggest that serotyping may be 
insufficient for clone differentiation (12). 

Limited experience with several alternative typing systems 
has been reported, including phenotypic methods such as 
phage typing (13), bacteriocin typing (14), and multilocus 
enzyme electrophoresis (15). However, these methods have not 
found widespread use. Genomic typing methods include re- 
striction endonuclease analysis and analysis of DNA RFLP of 
rRNA genes (ribotyping) (12, 16, 17). DNA RFLP using 
frequent cutting enzymes such as Hind111 have been used as a 
tool for the evaluation of treatment failures in patients with 
pharyngitis caused by GAS (17). However, this enzymatic 
digestion produces a large number of bands making compari- 
son of different strains cumbersome. Using this method, others 
have demonstrated that DNA fingerprints of GAS are M 
type-specific and may be used to distinguish epidemiologically 
distinct strains within the same serotype (12). More recently 
the direct use of oligonucleotide probes for N-terminal regions 
of the M protein gene (emm genes) has been investigated, and 
preliminary results have been promising (18). 

Pulsed-field gel electrophoresis of chromosomal DNA ex- 
posed to an infrequent cutting restriction endonuclease is an- 
other alternative for classifying streptococci. The use of SmaI 
restriction enzyme has been shown to be useful for Gram- 
positive bacterial chromosomal DNA from Enterococcus fae- 

calis (19), Streptococcus pneumoniae (20), and group B strep- 
tococcus (21). Our initial analysis showed that it produced a 
manageable number of bands in the 50-250 kb window 
thereby permitting the assessment of epidemiologic relatedness 
of GAS. FIGE of SmaI digested DNA of GAS in this study 
identified concordant and discordant pairs correctly as com- 
pared with conventional M and T typing. Thus we were able to 
differentiate between patients who failed treatment and those 
who acquired a new strain after therapy. 

FIGE was also able to differentiate between pairs of isolates 
from different patients serotyped as M nontypeable, T 5/27/44, 
OF negative. These data suggest that FIGE may be superior to 
T typing for strains that are M nontypeable or have a T type 
pattern associated with more than one M type antigen. Inter- 
estingly, the FIGE pattern of our isolates that were M nontype- 
able, T11/12, OF negative, and M nontypeable, T12, OF 
negative, were identical to the pattern produced by the isolate 
typed as M12, T12, OF negative (Fig. 1, lanes 5 and 8 with 
lanes 9 through 12). On repeat testing, the M nontypeable 
TI1112 strain was identified as M12, whereas the M nontype- 
able, T12 strain remained nontypeable. This illustrates that 
repeat serotyping may be necessary to confirm that a given 
strain is in fact M nontypeable. It also suggests that strains 
identified as a specific M type by an alternate typing system 
might be characterized as M nontypeable despite repeated 
performance of serotyping. Accordingly, FIGE might be more 
sensitive for determining the M type of this isolate than 
conventional serotyping. The latter could be confirmed through 
the use of a specific emrn gene probes (18). 

One important advantage of serotyping is the established 
relationships between specific M types and clinical syndromes. 
Evidence from this study suggests that FIGE might serve as a 
surrogate for M typing for this role as well. Analysis of FIGE 
patterns of multiple epidemiologically unrelated isolates of M3 
and M1 GAS from geographically diverse areas identified 
single clones within a given M type. Although the number of 
isolates evaluated to date is small, it may be that, as more 
isolates of other M types are subjected to SmaI enzyme diges- 
tion and subsequent FIGE, there will be a limited number of 
specific patterns identified within an M type. 

Our experience is in contrast to the results reported from 
New Zealand where FIGE was performed on 231 isolates of 
seven different M types (22). These investigators reported 
polymorphisms not only between the M types but also within 
some M types, including MI  and M3. They found, using S ' I  as 
the restriction enzyme, six different RFLP patterns among 90 
M1 isolates but 74% of these belonged to a single pattern (23). 
However, none of the six distinct RFLP patterns found among 
M1 strains matched electrophoretic patterns obtained from 
other serotypes of GAS, suggesting that sets of RFLP patterns 
obtained from a given M type will be specific to that M type. 

There are several potential explanations for these observed 
differences. Very few bands were seen when using S'I ;  there- 
fore, the utility of this enzyme for analysis of GAS seems less 
than optimal. The authors did not provide their definition of 
clonal relationships. RFLP patterns obtained may have been 
considered unique if they differed from each other by one or 
more bands. In contrast, we used the proposed algorithm of 
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Goering which identified strains with less than a three-band 
difference as being clonally related (3). Perhaps, reanalysis of 
their results using this rule might identify strains with different 
electrophoretic patterns as being clonally related. A l t e r n a -  

tively, the differences may be due to our relatively small 
sample size and the possibility that we may have tested a 
sample of clonally related strains. Thus, if we had evaluated 
more strains we may have found results more similar to their 
experience. 

In summary, limited experience with FIGE of GAS suggests 
that this method might provide an alternative typing system for 
GAS. It has correctly categorized paired isolates from 15 
patients differentiating persistence of one strain from acquisi- 
tion of a new strain of GAS. Preliminary data suggest that 
correlation of FIGE with serotyping results might allow for the 
subsequent prediction of the M type of GAS. To demonstrate 
equivalency of this or other alternative typing systems to 
traditional serotyping, a large database of FIGE patterns of 
multiple strains of many serotypes of GAS will need to be 
developed. 
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