
	 The	first	outbreak	of	pandemic	influenza	A(H1N1)	
occurred	 in	 Mexico	 in	 April	 20091.	 It	 rapidly	
spread	 through	 United	 States	 of	 America	 (USA)	
and	 subsequently	 aided	 by	 travellers	 evolved	 into	
a	 pandemic2.	 The	 first	 confirmed	 case	 of	 pandemic	
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Background & objectives: An outbreak of influenza was investigated between  June 24 and  July 30, 
2009 in a residential school at Panchgani, Maharashtra, India. The objectives were to determine the 
aetiology, study the clinical features in the affected individuals and, important epidemiological and 
environmental factors. The nature of public health response and effectiveness of the control measures 
were also evaluated.
Methods: Real time reverse transcriptase polymerase chain reaction was performed on throat swabs 
collected from 82 suspected cases to determine the influenza types (A or B) and sub-types [pandemic 
(H1N1) 2009, as well as seasonal influenza H1N1, H3N2]. Haemagglutination inhibition assay was 
performed on serum samples collected from entire school population (N = 415) to detect antibodies 
for pandemic (H1N1) 2009, seasonal H1N1, H3N2 and influenza B/Yamagata and B/Victoria lineages.  
Antibody titres ≥ 10 for pandemic (H1N1) 2009 and ≥ 20 for seasonal influenza A and B were considered 
as positive for these viruses.
Results: Clinical attack rate for influenza-like illness was 71.1 per cent (295/415). The attack rate for 
pandemic (H1N1) 2009 cases was 42.4 per cent (176/415). Throat swabs were collected from 82 cases, 
of which pandemic (H1N1) 2009 virus was detected in 15 (18.3%), influenza type A in (6) 7.4 per cent 
and influenza type B only in one case. A serosurvey carried out showed haemagglutination inhibition 
antibodies to pandemic (H1N1) 2009 in 52 per cent (216) subjects in the school and 9 per cent (22) in the 
community. 
Interpretation & conclusion: Our findings confirmed an outbreak of pandemic (H1N1) 2009 due to local 
transmission among students in a residential school at Panchgani, Maharashtra, India. 
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influenza	in	India	was	reported	in	Hyderabad	on	May	
16,	20093.	Initially,	almost	all	cases	were	from	travellers	
returning	 from	 the	 USA	 and	 their	 close	 contacts3. 
Transmission	 within	 the	 local	 populations	 started	 in	
various	parts	of	India	around	mid-June	20093.
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	 On	 July	 22,	 2009,	 the	 school	 authorities	 in	
Panchgani,	Maharashtra,	reported	an	unusual	increase	
in	influenza-like	illness	(ILI)	among	the	school	children.	
Some	students	had	a	history	of	 recent	 foreign	 travel.	
Investigations	were	carried	out	 to	determine	the	viral	
aetiology	and	study	the	clinical	features	of	the	affected	
individuals	 as	well	 as	 important	 epidemiological	 and	
environmental	factors	during	the	outbreak	period.	The	
study	 also	 included	 a	 seroepidemiological	 survey	 in	
the	community	to	know	the	extent	of	transmission	of	
pandemic	 influenza	A	 (H1N1)	 in	 2009.	 In	 this	 paper	
we	 report	 the	 investigation	 of	 this	 first	 outbreak	 of	
pandemic	influenza	A	(H1N1)	in	a	residential	school	in	
India.	

Material & Methods

Setting: The study	was	conducted	in	a	boys’	residential	
school,	110	km	from	Pune	at	Panchgani,	district	Satara,	
Maharashtra,	India.	Panchgani	 is	an	important	 tourist	
destination	 and	 is	 also	 known	 for	 good	 residential	
schools.	Students	 residing	 in	 the	 school	premises	are	
referred	to	as	boarders	and	those	who	only	attend	the	
school	in	day	time	and	reside	outside	are	day-scholars.	
The	 staff	 includes	 teachers,	 cooks,	 nurses	 and	 other	
supporting	personnel.

Case definitions:	A	case	of	ILI	refers	to	a	person	with	
sudden	onset	of	 fever	>380C	and	cough	or	sore	 throat	
in	the	absence	of	other	diagnosis4.	A	case	of	pandemic	
(H1N1)	2009	refers	to	a	person	having	ILI	with	laboratory	
confirmed	 pandemic	 (H1N1)	 2009	 virus	 infection.	
The	case	 is	confirmed	if	 the	person	tested	positive	for	
pandemic	(H1N1)	2009	virus	on	a	throat	swab	by	real	
time	 reverse	 transcriptase	 polymerase	 chain	 reaction	 
(RT-PCR)	 and/or	 positive	 for	 haemagglutination	
inhibition	(HI)	antibodies	in	serum.	

Data sources:	The	school	has	a	small	clinic	managed	
by	 a	 qualified	 physician.	 It	 also	 has	 a	 facility	 for	
hospitalization	in	addition	to	daily	out-patient	services.	
All	 relevant	 data	 including	 travel	 records,	 clinical	
history	 and	 routine	 laboratory	 tests	 were	 available.	
Clinical	and	epidemiological	information	was	collected	
in	 a	 questionnaire.	The	 distribution	 of	 ILI	 cases	 and	
pandemic	(H1N1)	2009	cases	was	determined	on	 the	
basis	 of	 the	 onset	 date	 of	 first	 symptom	 as	 obtained	
from	school	hospital	 records	 and	 interviews	between	
June	24	and	July	30,	2009.	For	subjects	reporting	ILI	
more	than	once	during	this	period,	the	onset	date	for	the	
first	episode	only	was	considered.	Weather	data	 (rain	
fall,	 temperature,	 relative	 humidity)	 were	 collected	
from	the	Panchgani	Municipal	Council.	

Clinical specimens and laboratory investigations: 
Throat	 swabs	were	collected	 from	ILI	cases	between	
July	 23-29,	 2009	 in	 sterile	 viral	 transport	 medium,	
transported	 at	 40C	 and	 processed	 for	 detection	 of	
influenza	 A	 and	 B	 types	 and	 pandemic	 (H1N1)	
2009,	 seasonal	 H1N1	 and	 H3N2	 by	 real	 time	 RT-
PCR5,6.	 Blood	 samples	 (2-3	ml)	were	 collected	 from	
school	 subjects	 between	 July	 27-29,	 2009	 and	 from	
the	community	 in	 the	 last	week	of	August,	2009.	All	
serum	samples	were	 treated	with	 receptor	destroying	
enzyme	 for	 removal	 of	 non	 specific	 inhibitors.	 Sera	
with	non	specific	agglutinins	were	treated	with	turkey	
red	blood	cells	(RBCs).	The	final	dilution	of	the	serum	
was	 1:10.	 Pandemic	 (H1N1)	 2009	 virus	 isolated	 at	
National	Institute	of	Virology,	Pune,	was	grown	in	10-
day	 old	 specific	 pathogen-free	 embryonated	 chicken	
eggs,	 inactivated	 by	 beta	 propiolactone	 and	 used	 as	
antigen	 in	 the	 assay.	Antigens	 of	 seasonal	 influenza	
viruses	were	obtained	from	World	Health	Organization	
Collaborating	 Centre	 for	 Influenza	 and	 Centres	 for	
Disease	Control	and	Prevention,	Atlanta,	USA.	Titres	
were	reported	as	reciprocal	of	the	highest	dilution	for	
complete	 inhibition.	 Haemagglutination	 inhibition	
assay	was	performed	for	detection	of	antibodies	using	
0.5	per	cent	turkey	RBCs5.

Control measures:	Following	the	surge	in	ILI	cases	the	
school	 authorities	 implemented	 the	 following	 control	
measures:	(i)	symptomatic	students	were	asked	to	stay	
in	 their	 respective	dormitories	 and	 those	having	high-
grade	fever	were	admitted	to	the	school	hospital;	(ii)	all	
students	were	advised	to	strictly	follow	personal	hygiene	
measures	(e.g.,	frequently	washing	hands	and	face,	using	
a	handkerchief	while	coughing	and	sneezing);	(iii)	avoid	
group	activities	and	clustering;	and	(iv)	therapeutic	and	
prophylactic	 administration	 of	 Oseltamivir	 after	 the	
confirmation	of	outbreak	on	July	25,	2009.

Statistical analysis:	 Difference	 in	 attack	 rates/HI	
antibody	 positivity	 between	 the	 two	 groups	 was	
compared	using	chi-square	test.	P<0.05	was	considered	
as	significant.	

Results

	 The	school	population	(N =	415)	consisted	of	352	
students	 (301	 boarders	 and	 51	 day-scholars)	 and	 63	
staff.	Serum	samples	collected	from	all	persons	were	
tested	for	HI	antibodies.	A	total	of	103	serum	samples	
collected	during	the	year	2008	were	tested	in	HI	assay	
to	decide	baseline	antibody	 titres.	The	 titres	≥	10	for	
pandemic	(H1N1)	2009	and	≥	20	for	seasonal	influenza	
A	and	B	were	considered	as	positive	for	these	viruses.
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	 Based	 on	 the	 school	 hospital	 records	 and	 results	
of	 HI	 tests	 conducted	 in	 the	 study	 population,	 the	
index	case	was	 a	boy	 (boarder)	who	 reported	 ILI	on	
June	24,	2009	and	was	hospitalized	 for	 six	days.	He	
had	no	history	of	foreign	travel	or	direct	contact	with	
any	 person	 confirmed	 with	 pandemic	 (H1N1)	 2009.	
The	recorded	history	of	foreign	travel	for	students	and	
staff	revealed	that	during	summer	vacation	a	group	of	
22	 students	 with	 two	 teachers	 visited	 USA	 between	
April	10-22,	2009	and	another	eight	students	with	three	
teachers	 visited	 Holland	 and	 Finland	 between	 May	
27-31,	2009.	However,	no	epidemiological	link	could	
be	established	between	 the	present	outbreak	and	 these	
foreign	trips.	The	school	reopened	on	June	7,	2009	after	
the	summer	vacation	between	April	4	and	June	6,	2009.	

	 The	clinical	attack	rate	of	ILI	cases	was	71.1	per	
cent	 (295/415)	 for	 the	 school	 population.	The	 attack	
rate	of	ILI	in	students	was	76.4	per	cent	(269/352)	and	
in	 staff	 42.2	 per	 cent	 (26/63).	Of	 the	 295	 ILI	 cases,	
60.3	per	cent	(178)	were	reported	between	July	11-22,	
2009.	The	surge	in	ILI	cases	coincided	with	a	spell	of	
heavy	 rainfall	on	 July	12 (96	mm)	and	13	 (200	mm)	
2009	(Fig.	1).	The	most	affected	age	group	was	10-14	
yr	with	the	attack	rate	of	81.9	per	cent	(195/238)	(Fig.	
2).	No	significant	difference	was	found	in	attack	rates	
of	 ILI	between	boarders	75.7	per	cent	 (228/301)	and	
day-scholars	80.4	per	cent	(41/51).

	 Clinical	 presentations	 in	 ILI	 cases	 were	 fever	
(100%),	 cough	 (100%),	 nasal	 discharge	 (30%),	
headache	 (16.9%),	 sore	 throat	 (15.6%),	 body-ache	
(9.8%),	fatigue	(4.4%),	vomiting	(3.4%)	and	diarrhoea	

(1.4%).	There	was	 no	 significant	 difference	 between	
clinical	 presentation	 of	 ILI	 and	 confirmed	 pandemic	
(H1N1)	2009	cases.	

	 The	 mean	 duration	 of	 illness	 (i.e.,	 symptomatic	
period)	 was	 4	 days.	 A	 total	 of	 99	 (33.5%)	 cases	
required	 hospitalization	 due	 to	 high-grade	 fever	 and	
received	 supportive	 treatment	 in	 terms	 of	 antibiotics	
and	antipyretics,	balanced	diet	and	adequate	 rest.	No	
fatality	was	reported.	Hospitalization	ranged	between	
1	and	6	days	 (median	3	days).	No	severe	 respiratory	
complications	were	observed	in	any	case	at	discharge	
and	 even	 at	 follow-up	 till	 August	 14,	 2009.	 Chest	
radiographs	 of	 5	 ILI	 cases	 including	 4	 confirmed	
pandemic	 (H1N1)	 2009	 cases	 were	 normal.	 Blood	
parameters	including	total	leucocyte	count,	differential	

Fig. 1. Distribution of ILI cases in relation to environmental factors.
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Fig. 2.	Age	group	wise	distribution	of	 study	population	showing	
number	of	subjects,	ILI	and	pandemic	(H1N1)	2009	cases.



leucocyte	count,	haemoglobin	content	and	erythrocyte	
sedimentation	rate	were	within	normal	limits.

	 Throat	 swabs	 were	 collected	 from	 82	 persons	
(49	boarders,	24	day-scholars,	9	support	 staff).	From	
these,	pandemic	(H1N1)	2009	virus	was	detected	in	15	
(18.3%)	cases,	seasonal	 influenza	 type	A	in	6	(7.3%)	
and	influenza	type	B	only	in	one	case.	

	 Out	 of	 295	 ILI	 cases,	 176	 were	 positive	 for	
pandemic	 (H1N1)	 2009.	 The	 overall	 attack	 rate	 of	
pandemic	(H1N1)	2009	was	42.4	per	cent	(176/415),	
maximum	 being	 in	 age	 group	 of	 10-14	 yr	 (135/238,	
56.7%)	 (Fig.	 2).	The	 positivity	 of	 pandemic	 (H1N1)	
2009	 in	 the	age	group	20-39	yr	was	7.1	per	cent;	no	
positivity	was	reported	in	the	age	group	40	and	above.	
There	was	significant	difference	in	attack	rates	between	
boarders	 (158/301,	 52.5%)	 and	 day-scholars	 (15/51,	
29.4%)	(P<0.001).

	 Haemagglutination	 inhibition	 antibodies	 to	
pandemic	(H1N1)	2009	virus	were	detected	in	216/415	
(52%)	 subjects.	Amongst	 the	 positives,	 165	 (76.4%)	
were	 ILI	 cases	 and	 51	 (23.6%)	 were	 asymptomatic.	
Clinical	 to	sub-clinical	ratio	was	3.2:	1.	Amongst	 the	
199	 negatives,	 130	 had	 ILI	 and	 69	were	 unaffected.	
In	 symptomatic	 176	 confirmed	 cases,	 153	 (86.9%)	
were	positive	for	antibodies	against	seasonal	H1,	156	
(88.6%)	for	H3,	38	(21.5%)	for	B/Victoria,	41	(23.2%)	
for	 B/Yamagata.	 Haemagglutination	 inhibition	
antibodies	were	detected	in	4	out	of	19	members	from	
5	families.	Sera	collected	from	the	community	showed	
HI	antibodies	in	22	out	of	245	(9%)	persons.

	 Of	 the	 students	 reporting	 ILI,	 64.3	 per	 cent	
(173/269)	 were	 positive	 for	 pandemic	 (H1N1)	 2009	
HI	 antibodies.	 There	 was	 significant	 difference	 in	
HI	 antibody	 positivity	 between	 boarders	 (158/228,	
69.3%)	 and	 day-scholars	 (15/41,	 36.6%)	 (P<0.001).	
The	affected	students	belonged	 to	all	 the	dormitories	
and	classes	in	the	school.

	 Following	 the	 confirmation	 of	 pandemic	 (H1N1)	
2009	on	July	25,	2009,	Oseltamivir	was	administered	
to	the	confirmed	cases	and	their	close	contacts	under	the	
supervision	of	school	hospital	staff	and	district	public	
health	authorities	of	the	Government	of	Maharashtra.	
The	school	was	closed	down	for	2	wk	(August	15-31,	
2009).

Discussion 

	 This	 is	 the	 first	 report	 of	 outbreak	 of	 pandemic	
(H1N1)	2009	in	a	residential	school	setting	in	India.	The	
index	case	had	no	associated	history	of	foreign	travel	or	

contact	with	a	confirmed	or	suspected	case.	Therefore	
the	 probable	 source	 of	 infection	may	be	 visitor(s)	 to	
the	school.	Panchgani	being	a	hill	station	is	cooler	as	
compared	to	nearby	cities	and	is	a	favorite	destination	
for	tourists.	Our	results	suggest	a	high	transmission	rate	
of	 pandemic	 (H1N1)	 2009	 in	 this	 closed	 community	
and	which	has	not	been	reported	from	anywhere	else	in	
India.	This	finding	led	to	the	change	in	policy	for	throat	
swab	 collection	 from	 community	 even	 if	 the	 cases	
had	 no	 foreign	 travel	 history	 or	 close	 contact	with	 a	
confirmed	case.	Similarly,	Oseltamivir	administration	
in	 Maharashtra	 was	 initiated	 to	 suspected	 patients	
before	 laboratory	 confirmation.	 Due	 to	 the	 in-house	
hospital	facility,	symptomatic	treatment	was	provided	
to	the	patients	without	delay.	This	is	perhaps	the	main	
reason	 causing	 fewer	 complications	 in	 spite	 of	 high	
transmission	rate.	Delay	in	treatment	has	been	found	to	
be	one	of	the	major	reasons	for	high	complications	and	
mortality7. 

	 Our	serological	study	revealed	that	HI	antibodies	
to	 pandemic	 (H1N1)	 2009	 virus	 were	 detected	 in	
52	per	cent	subjects.	A	titre	of	≥	10	was	considered	
positive	 in	 this	 study.	 Most	 of	 the	 seroprevalence	
studies	 in	 the	 earlier	 pandemics	 are	 also	 based	 on	
the	 titre	 cut-off	 of	 1:108.	 Majority	 of	 the	 subjects	
had	 HI	 antibodies	 for	 seasonal	 influenza	 H1,	 H3	
and	 influenza	 B	 viruses.	 A	 higher	 percentage	 of	
antibodies	 to	 seasonal	 influenza	 viruses	 have	 been	
reported	from	Indian	population9-11.	The	occurrence	
of	large	number	of	ILI	cases	in	the	present	outbreak	
could	be	attributed	to	the	fact	that	monsoon	season	
is	favourable	for	influenza	viral	transmission	in	this	
part	of	India12. 

	 The	 attack	 rate	 reported	 in	 this	 outbreak	 was	
higher	 than	 that	 reported	 for	 other	 schools13,14.	 This	
could	 be	 due	 to	 close	 interactions	 among	 boarders.	
Heavy	rainfall	just	prior	to	high	transmission	perhaps	
led	 to	restricted	outdoor	activities	forcing	students	 to	
stay	 indoors	 either	 in	 school	 or	 in	 dormitories.	 The	
significant	 difference	 observed	 between	 boarders	
and	day-scholars	additionally	points	 to	higher	risk	of	
transmission	due	to	close	contact	among	boarders	for	
longer	duration.	The	less	percentage	of	positivity	in	the	
age	group	20	yr	 and	 above	 could	 be	 because	 of	 less	
number	of	subjects	screened.	

	 High	 attack	 rates	 have	 also	 been	 observed	 in	
outbreaks	 involving	 close	 clustering	 of	 people	 in	
Mexico15	and	Japan16.	Perhaps	favourable	climate	for	
influenza	 virus	 transmission	 and	 residential	 nature	
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of	 the	 school	may	 be	 the	 contributing	 factors	 in	 the	
present	 study.	 High	 prevalence	 of	 antibodies	 (52%)	
against	 pandemic	 (H1N1)	 2009	 was	 suggestive	 of	
intense	transmission	in	the	school.

	 Following	 our	 investigations,	 public	 health	
authorities	since	2009	proactively	began	to	administer	
Oseltamivir	 to	 cases	 and	 contacts.	 Measures	 like	
quarantine	or	removal	of	infected	subjects	from	the	
school	 premises	 were	 not	 implemented.	 Students	
with	 high-grade	 fever	 were	 temporarily	 shifted	 to	
the	 hospital	 within	 the	 school	 campus.	 Students	
followed	 better	 personal	 hygiene	 and	 refrained	
from	group	activities	(clustering)	and	close	contacts	
with	 symptomatic	 cases.	 This	 led	 to	 curbing	 of	
transmission.	Oseltamivir	administered	to	confirmed	
cases	 and	 their	 close	 contacts	 prevented	 serious	
complications.	
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