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Background & objectives: Group A streptococcus (GAS) causes a wide array of human diseases.
Epidemiological picture of streptococcal infection in India is not complete. Hence, disease burden due to
GAS in 5-15 yr old school children in northern India was studied and emm typing of GAS isolates was
carried out to help in designing prevention strategies.
Methods: A cross-sectional survey was carried out among 4249 school children (5-15 yr) from Raipur Rani
Block of Panchkula district in Haryana during 2000-2002; 334 children were followed up fortnightly for
one year. Standard clinical and microbiological procedures were used for collection of swabs from throat
and skin and confirmation of GAS and its emm types.
Results: Of the 4249 children studied, 658 (15.5%) had pharyngitis; 579 of them could be swabbed, of
which 2.8 per cent had GAS. From 3591 children without pharyngitis, 3385 who could be swabbed, GAS
was found in 1.3 per cent of them. Impetigo was rare (0.7%), but 7.1 per cent (2/28) children had GAS.
In the followup study, 17.4 per cent (776/4447 child-contacts) had pharyngitis, 761 could be swabbed
and 2.4 per cent had GAS; among those without pharyngitis, 2016 swabs could be taken and GAS was
found in 1.3 per cent; whereas only 2.6 per cent (2/75) of skin sores had GAS. Three children had GAS
pharyngitis twice during follow up. Fourteen different GAS emm types were found. emm 71, 77 and 81
constituted 69 per cent of the pharyngeal isolates. GAS pharyngitis and impetigo were more common in
winters and summers respectively.
Interpretation & conclusions: In north India, pharyngitis was more common than impetigo. Most
prevalent emm types of GAS in this region differ from those included in M protein-based vaccines.
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Streptococcus pyogenes, i.e. Lancefield group ‘A’
beta haemolytic Streptococcus (GAS) is capable of
‡

causing a wide variety of diseases, such as scarlet fever,
pharyngitis, impetigo, acute rheumatic fever (ARF),
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rheumatic heart disease (RHD), glomerulonephritis,
necrotizing fascitis and toxic shock syndrome, etc.
The global burden of group A streptococcal diseases
is an estimated 616 million GAS pharyngitis cases per
year1. Epidemiological data from developing countries
are scarce. Prevalence of GAS pharyngitis and carriage
in asymptomatic children in different countries varies
from 9 to 34.1 per cent2-6. In India, prevalence of GAS
pharyngitis ranged from 4.2 to 13.7 per cent7-11. The
incidence of GAS culture positive pharyngitis among
5-15 yr old urban slum children near Chandigarh in
northern India is 0.95 episodes per child per year, as
compared to 0.13 episodes per child year in urban
Melbourne11,12. It is estimated that 0.3 per cent of the
streptococcal sore throat episodes in endemic situation
and 3 per cent during epidemics develop into ARF13,14;
and 60 per cent of the ARF episodes may progress to
damage the heart valves causing RHD. Although ARF/
RHD has declined in many parts of the world, but
continues to be a major public health problem causing
significant cardiovascular morbidity and mortality in
India15.
Strain prevalence rather than the innate virulence
potential is considered to be a major factor for the
observed increase in serious group A streptococcal
infections16. The epidemiological picture of
streptococcal infections in India is quite different from
that of the developed countries, suggesting that may be
some serotypes are much more common than others
within a population in different geographical locations17.
In the absence of GAS type distribution data, true
propensity of any M type to cause a specific clinical
manifestation still remains controversial. Moreover,
the eventual introduction of vaccines, especially those
based on multiple M protein protective epitopes,
requires better understanding of group A streptococcal
pharyngitis. Hence, we studied GAS sore throat and
skin sores in 5-15 yr old school children, and carried
out emm typing of the GAS isolates.
Material & Methods
Of the 257 villages of Raipur Rani Block in
Panchkula district of Haryana in northern India,
25 were selected randomly. A total of 4249 school
children in the 5-15 yr age group, from 34 government
schools (22 primary, one middle, and 11 high schools)
located in the sampled villages, were included in this
cross-sectional survey done from November 2000 to
January 2002. In addition, from three schools, a cohort
of 334 children were also enrolled and followed up for
one year. Only one child dropped out during the tenth

follow up month. The parents or guardians of school
children were informed about the purpose of this study
and their written consent was taken. The study was
approved by the institute ethics committee.
	A pre-tested structured clinical performa was
used to record the symptoms and signs and physical
examination findings18. The throat swabs (peritonsillar
and posterior wall of pharynx) and skin swabs (upper
surface of skin) were taken once from all children by
trained medical officer or a public health nurse. Children
in the follow up study were examined every fortnight.
At every examination, swabs were taken from those
who had pharyngitis or skin lesion. At every second
fortnightly follow up, swabs were also taken from those
who were not having sore throat or skin lesion. Throat
and skin swabs were also taken from family members
of a child who was found to have GAS infection or
carriage.
Children having any symptoms and signs of
pharyngitis on the day of examination or within
previous two weeks before the examination were
considered as cases of pharyngitis. Children, who had
any of the symptoms/signs of pharyngitis and also GAS
in culture, were labelled as cases of GAS pharyngitis,
and those who did not have any symptoms/signs of
pharyngitis on the day of examination or in previous
15 days but had GAS in cultures were considered to be
GAS carriers.
Children with skin sores on the day of examination
were taken as cases of impetigo and those showing
GAS on culturing were labelled as GAS skin sore
cases. Children without any skin sores were swabbed
from wrist, back of neck and ankles and those showing
GAS were labelled as skin carriers.
Pharyngitis patients were given paracetamol
and anti-histaminics, if needed and those with skin
infection were given betadine and Whitfield’s ointment
for bacterial and fungal infections respectively. All
those showing GAS in the cultures were given a course
of oral penicillin (for < 20 kg body weight, 125 mg
4 times daily, and for ≥20 kg body weight, 250 mg 4
times daily for 10 days).
Throat and skin swabs were transported on the
same day at room temperature to the laboratory
of Experimental Medicine and Biotechnology,
Postgraduate Institute of Medical Sciences,
Chandigarh. Swabs were inoculated on Columbia
blood agar media (Hi-Media, Mumbai) containing 5-7
per cent defibrinated sheep blood, incubated for 24 h
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at 37оC under 5-10 per cent CO2 atmosphere to check
the presence of beta-haemolytic streptococci (BHS).
The bacitracin sensitivity test19, using bacitracin disks
(Hi-Media, Mumbai), was carried out on the selected
streptococci and only sensitive isolates were further
examined for Lancefield’s grouping by Lancefield’s
Hot HCl extraction method20. Group A specific antigen
was confirmed by latex agglutination test with positive
and negative controls (Difco, Becton Dickinson, USA).
Agglutination in one minute was considered positive
for group A streptococci. The process was repeated
again on the negative samples after antigen extraction
before labelling them as negative. After October 2001,
grouping for C and G was also performed using the
group C and G specific antigen by latex agglutination
test, using similar procedure as was done for group A.
group A, C and G streptococcal isolates were preserved
in 15-20 per cent glycerol stocks at -70оC.
Of the 112 preserved GAS samples, 71 were emm
typed after reconfirmation with Streptex kit (Murex
Biotech Ltd, UK). Genomic DNA was isolated using
modified sodium dodesyl sulphate (SDS) phenol
method21. Briefly, bacterial cells were harvested from
1.5 ml saturated culture of GAS in Todd – Hewitt broth
(THB) and resuspended in 567 μl of Tris-EDTA (TE)
buffer (pH 7.8). Following addition of 30 μl of SDS and
3 μl proteinase K (20 mg/ml) to a final concentration
100 μg/ml, the cells were incubated at 37оC for 1 h then
lysed with 5M NaCl and 10 per cent cetyl trimethyl
ammonium bromide (CTAB)/NaCl mixture at 65оC for
10 min. DNA was extracted with chloroform – isomyl
alcohol followed by phenol chloroform–isomyl alcohol
and precipitated with 0.6 volume of isopropyl alcohol.
DNA pellet was washed with 70 per cent ethanol, dried
and dissolved in 30 μl of TE buffer. Following this,
DNA was quantitated and analyzed by running it on
0.8 per cent agarose gel. The DNA was stored at -20о C
for further use.
emm gene PCR was done following standardized
conditions as described earlier22. Chemicals from
Roche Applied Sciences, USA, were used for PCR.
PCR products were checked on 0.8 per cent gel, their
yield was analyzed and products were then purified by
QIAGEN PCR purification kit USA. PCR product (1545 ng) was sequenced using ABI Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystems,
USA). The unincorporated dye, unused primers and
dNTPs were removed by ethanol precipitation by
following protocol provided by the manufacturer.
To the dried pellet, template suppression reagent
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(TSR) was added and after denaturation, product
was loaded on an ABI 377 Automated Sequencer as
per manufacturer’s instructions (Applied Biosystems,
USA). The emm gene sequence was initially searched
for homology by BLAST (Basic Length Alignment
Search Tool) search analysis (http://www.ncbi.nlm.nih.
gov/BLAST/Blast.cgi) but to be specific the sequences
were also submitted to CDC website (http://www.cdc.
gov/ncidod/biotech/strep/strepblast.htm) that designates the types and subtypes by comparing the pair
wise nucleotide homology for first 160 bases of the
hyper-variable region. Strains showing ≥ 95 per cent
sequence homology having maximum alignment with
the reference strain in the CDC Gene Bank database
were selected and designated particular parental emm
type.
EPI-6 (Epi Info Version 6) software was used
for data analysis. Chi square test was applied to
test significant differences. P<0.05 was considered
statistically significant.
Results
Of the 4249 school children studied, 2235 (52.6%)
were boys whereas amongst the 334 children enrolled
in the follow up study, boys constituted 53.6 per cent
(179). Of the total, 658 (15.5%) children reported
symptoms/signs of pharyngitis. Of these 658 children
with pharyngitis, 579 consented for throat swabs,
among them BHS was found in 149 (25.7%) and GAS
was found in 16 (2.8%) children. From 3591 children
who did not have pharyngitis, 3385 consented for
sampling. Among them BHS and GAS were found in
15.4 per cent (520) and 1.3 per cent (44) respectively
(Table I). In the fortnightly followup of 334 children,
a total of 4447 child contacts were made and among
these, 776 (17.4%) had pharyngitis. A total of 761
swabs were collected and BHS and GAS isolation
was found to be 9.2 per cent (70) and 2.4 per cent (18)
respectively. In every second fortnightly followup,
among child-contacts who did not have pharyngitis,
2016 were swabbed. Among these, BHS and GAS were
isolated from 5.5 per cent (112) and 1.3 per cent (26)
respectively (Table II). GAS isolation from pharyngitis
cases was significantly (P<0.05) higher compared
to those without pharyngitis. In winter months,
the presence of GAS pharyngitis was significantly
(P<0.001) higher than the summer months.
Of the 44 children who had GAS infection or
carriage in the follow up study, families of only 14
children could be contacted and only 42 members of
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Table I. Pharyngeal revalence of beta haemolytic streptococci (BHS) and group A streptococci (GAS) among 5-15 yr old school children
in cross sectional study
Season

No. of
children
examined

Symptoms/signs of pharyngitis on the day of swabbing or in prior two weeks
Yes

No

Number
(%)

Throat
swabs

BHS

GAS

Number

Throat
swabs

BHS

GAS

Winter
Summer

2291
1958

435
223

358
221

126
23

10
6

1865
1735

1694
1691

423
97

36
8

Total

4249

658
(15.5)

579
(88.0)

149
(25.7)

16
(2.8)

3591
(84.5)

3385
(94.3 )

520
(15.4)

44
(1.3)

Winter-October to March: Summer-April to September
Table II. Pharyngeal prevalence of beta haemolytic streptococci (BHS) and group A streptococci (GAS) among 5-15 yr old school children
in a one year follow up study
Season

No. of
children
examined

Symptoms/signs of pharyngitis on the day of swabbing or in prior two weeks
Yes

No

Number

Throat
swabs

BHS

GAS

Number

Throat
swabs*

BHS

GAS

Winter
Summer

2399
2048

560
216

554
207

63
7

15
3

1839
1832

1052
964

85
27

18
8

Total

4447

776
(17.4%)

761
(98.0%)

70
(9.2%)

18
(2.4%)

3671
(82.6%)

2016
(54.9%)

112
(5.5%)

26
(1.3%)

Winter-October to March: Summer-April to September, *from every second fortnightly follow-up examination

these families could be swabbed; nine of these had
GAS in their throat swabs.
Impetigo was not common in cross-sectional study,
i.e., only 28 (0.7%) children had skin sores. Of them,
two had BHS and both these cases were Group A. None
of the children without skin sores had BHS or GAS on
the wrist, back of neck or ankles. In the follow up study
84 (1.9%) children had skin sores, but 75 consented for
sampling. Among them, BHS and GAS in skin lesions
was found in two children (2.6%) each. Presence of
BHS on skin without any lesion was 0.09 per cent and
that of GAS was 0.04 per cent Table III. Occurrence of
skin sores was highest in September.
In cross-sectional study, amongst the 94 pharyngitis
cases, two group G streptococci (GGS) isolates were
confirmed in November 2001, however, no GCS or
GGS was found in 623 children without pharyngitis.
In the follow up study, one each of GCS and GGS
was isolated in November 2001 and January 2002
respectively from 304 pharyngitis cases. Three GGS
isolates were found in 515 children who did not have
pharyngitis during December 2001. In the follow up
study, a single isolate of GGS was found in December
2001 on the skin among children who did not have any
skin sores.

A total of 71 confirmed GAS isolates were emm
typed (Table IV). Most commonly identified emm type
was 77 (29.6%) followed by 81 (25.4%) and 11(14.1%).
The presence of emm type 77 was high (34.9%) in
cross-sectional survey as compared to the follow up
study (21.4%) and were more common during winter
months. The other emm types found in pharyngitis
cases were- 18, 44, 68, 75, 77, 81, 87, 88, 92, 118,
ST854. Three emm types (11, 77 and 81) constituted 69
per cent of the pharyngeal isolates. Three GAS isolates
identified from skin sores were emm type 77 (one each
in cross-sectional and follow up study) and 44 from the
cross-sectional study (Table IV).
Of the 25 villages surveyed in the cross-sectional
study, 43 emm types were encountered in 12 villages
and 16 of these were from one village. Twelve of the
28 isolates, in the follow up study, were from the same
village but belonged to several emm types.
During the follow up, three children were found to
have GAS in their throat cultures on two occasions each.
One child had emm 71 on two occasions, once in the
presence of pharyngitis and then after a gap of 2 months
without pharyngitis. Second child from another village
showed different emm type causing different clinical
status, i.e., type 81 without pharyngitis and 87 with
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Table III. Prevalence of beta haemolytic streptococci (BHS) and group A streptococci (GAS) among 5-15 yr old school children with/
without impetigo
Study Type

No. of
child
examinations

Symptoms/signs of impetigo
Yes

No

Number
(%)

Skin
swabs

BHS

GAS

Number

Skin
swabs

BHS

GAS

Crosssectional

4249

28
(0.7)

28
(100)

2
(7.1)

2
(7.1)

4221
(99.3)

4221
(100 )

0

0

Follow up

4447

84
(1.9)

75
(89.3)

2
(2.6)

2
(2.6)

4363
(98.1)

2312*
(53.0)

2
(0.09)

1
(0.04)

*

from every second fortnightly followup examination

Table IV. Distribution of emm types of group A beta haemolytic
streptococci isolated from throat and skin sores from school
children in 5-15 yr age group
emm type

Total

Cross-sectional
study

Follow up
study

77

19

14

5

81

18

11

7

11

10

8

2

71

4

0

4

69

3

3

0

18

2

2

0

75-1

2

1

1

118

2

1

1

44

2

0

2

ST854

2

0

2

68

1

0

1

87

1

0

1

88

1

0

1

92

1

1

0

77

2

1

1

44

1

1

0

71

43

28

Pharynx

Skin

of children experienced a repeated GAS episode which
is similar to the observations made in another study23.
The GAS isolation rate of 0.12 per child per year was
lower than the urban slums of Chandigarh11 but was
similar to that in urban Melbourne12. The pharyngeal
GAS isolation was common during the winter, an
observation similar to that made a few decades ago in a
community near Varanasi in northern India7. The GAS
impetigo is more common (6.9 per 100 child visits) in
the tropical climate of south India and in the aboriginal
communities of northern territories of Australia24
compared to present study.
Carriers of GAS are an important source of
infection and represent a pool which may cause active
throat infections. A rise in the titre of antibodies
can differentiate infection and carriage but due to
operational difficulties serology could not be done.
Throat carriage of GAS was 1.3 per cent in the present
study which was lesser compared to other studies from
India and abroad2,3,5,8. Throat carriage of GAS was
found to be 3.7 per cent in Aboriginal Australians24.
Studies in India showed GAS carriage of 2.3 to 20 per
cent8,25,26.

Discussion

	Asymptomatic spread of Streptococcus pyogenes
has also been reported among family members. All
family members of the children enrolled in this study
could not be contacted due to operational difficulties,
however, limited study among a few families from
whom GAS was isolated from throat, indicates
occurrence of transmission within the family members,
a finding similar to that reported from a study from
Melbourne12.

During the one year follow up, GAS was isolated
from 12.3 per cent children at least once and a second
time from three children indicating high endemicity in
the rural community of Haryana. Only a small proportion

The presence of group C and G streptococci which
are genetically close relatives of GAS, was found to
be low. Traditionally GCS and GGS were thought
to be the commensals, however, recently these have

Total

pharyngitis at an interval of 6 months. Again from the
same village another child without pharyngitis showed
two different emm types, (81 and 44) at different times
at an interval of 8 months.
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been considered capable of eliciting a range of clinical
manifestations just as GAS27. It has been hypothesized
that non GAS infections may be the driving forces
behind ARF in the aboriginal communities of
Australia28. These organisms may have acquired known
GAS virulence factors through genetic transfers29.
Accurate identification and typing of GAS is an
essential part of epidemiological and pathogenetic
studies of streptococcal diseases. The M proteins of
GAS are the major virulence factors which are the main
target in vaccine development. Serological methods
were not able to type a significant proportion of the
GAS isolates, hence, emm gene (encoding M protein)
sequencing based on 5` region is becoming a universal
method of choice for characterization of GAS.
There are currently around 180 emm sequence types
and 800 emm subtypes described but new types and
subtypes are still being identified regularly in different
geographical regions30. As an individual GAS serotype
enters and leaves a community fairly quickly, inter-site
and temporal variations in emm types are common31.
Even strain variations have been noted within M
types32,33. Replacement of the traditionally described
rheumatogenic M types with non rheumatogenic types
has been observed in acute pharyngitis cases34. A few
unusual serotypes have been reported that have the
potential for infecting both throat and skin sites31. Of
the 59 emm types isolated from south India, 11, 82,
105, 108, 100 and 112 accounted for 33.5 per cent
of the isolates and most predominant emm types in
pharyngitis were 11, 110, 82 and 10835. In present
study, emm 11, 77 and 81 were the most common emm
types showing high heterogeneity among emm types
isolated from these two regions of India. These types
differ from those reported from across the world36-38. Of
the six M types most commonly seen in United States
(emm 1, 3, 4, 11, 12 and 28), only emm 11 was found
to be prevalent in the northern as well in the southern
region of India35.
Till date, no effective vaccine is available against
streptococcal diseases, though significant advances
have been made on M protein epitope based vaccines.
However, these vaccines require multiple amino
terminal epitopes that are prevalent in a community so as
to provide complete protection. With a few exceptions,
the GAS types isolated in India are generally different
from the ones taken into consideration while developing
multivalent vaccines in USA and Australia. Therefore,
the efficacy of currently available vaccines based on N
terminal variable region sequence of M proteins found
in the western world will be doubtful in India.

To conclude, in the rural communities of Haryana
in northern India, pharyngitis was found to be more
common than impetigo. The most prevalent GAS emm
types found in this region differ from those included
in the multivalent vaccine under clinical trials,
limiting the effectiveness of the proposed M proteinbased multivalent GAS vaccines in India. Hence,
epidemiological surveillance needs to be continued
for GAS, and if possible for GCS and GGS also, in
different geographic areas to have adequate information
on the trends of emm type distribution for selection of
appropriate vaccine strategy.
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