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Surveillance and outbreak reports
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The emergence of the 2009 pandemic influenza 
A(H1N1) virus in North America and its subsequent glo-
bal spread highlights the public health need for early 
warning of infectious disease outbreaks. Event-based 
biosurveillance, based on local- and regional-level 
Internet media reports, is one approach to early warn-
ing as well as to situational awareness. This study 
analyses media reports in Mexico collected by the 
Argus biosurveillance system between 1 October 2007 
and 31 May 2009. Results from Mexico are compared 
with the United States and Canadian media reports 
obtained from the HealthMap system. A significant 
increase in reporting frequency of respiratory disease 
in Mexico during the 2008–9 influenza season relative 
to that of 2007–8 was observed (p<0.0001). The tim-
ing of events, based on media reports, suggests that 
respiratory disease was prevalent in parts of Mexico, 
and was reported as unusual, much earlier than the 
microbiological identification of the pandemic virus. 
Such observations suggest that abnormal respira-
tory disease frequency and severity was occurring in 
Mexico throughout the winter of 2008–2009, though 
its connection to the emergence of the 2009 pandemic 
influenza A(H1N1) virus remains unclear.

Introduction
The	emergence	in	North	America	and	global	spread	of	
the	 novel	 2009	 pandemic	 influenza	 A(H1N1)	 virus	 of	
swine	 origin	 was	 unanticipated	 in	 the	 spring	 of	 2009	
by	governments	and	health	agencies	around	the	world.	
Many	 nations	 have	 limited	 ability	 to	 detect	 outbreaks	
or	maintain	situational	awareness	of	them	within	their	
borders,	making	reporting	and	early	warning	of	emerg-
ing	influenza	viruses	with	pandemic	potential	problem-
atic.	Event-based	biosurveillance,	based	on	 local-	and	
regional-level	 Internet	 media	 reports,	 is	 an	 interna-
tionally	 recognised	 and	 considered	 approach	 to	 early	
warning	 and	 situational	 awareness	 [1,2].	 In	 this	 study	
we	 present	 the	 observations	 of	 the	 Argus	 biosurveil-
lance	system	on	respiratory	disease	in	Mexico	between	

1	 October	 2007	 and	 31	 May	 2009.	 These	 results	 are	
compared	with	observations	of	 the	HealthMap	system	
[3,	 4]	 on	 respiratory	 disease	 in	 the	 United	 States	 and	
Canada,	just	before	widespread	media	coverage	of	the	
2009	 pandemic	 influenza	 A(H1N1),	 then	 called	 ‘swine	
flu’,	 in	 21–23	 April	 2009.	 In	 the	 United	 States	 and	
Canada,	 media	 reporting	 related	 to	 swine	 flu	 was	 not	
observed	before	that	time.	

Argus biosurveillance system 
The	Argus	system,	a	web-based	global	biosurveillance	
system	 hosted	 at	 the	 Georgetown	 University	 Medical	
Center	(Washington,	DC,	United	States)	and	funded	by	
the	 United	 States	 Government,	 is	 designed	 to	 report	
and	 track	 the	 evolution	 of	 biological	 events	 threaten-
ing	 human,	 plant	 and	 animal	 health	 globally,	 exclud-
ing	 the	 United	 States	 [5].	 It	 collects,	 in	 an	 automated	
process,	local,	native-language	Internet	media	reports,	
including	blogs	and	official	sources,	e.g.	World	Health	
Organization	(WHO)	and	World	Organisation	for	Animal	
Health	 (OIE),	 and	 interprets	 their	 relevance	 according	
to	 a	 specific	 set	 of	 concepts	 and	 keywords	 relevant	
to	 infectious	 disease	 surveillance	 (i.e.	 a	 taxonomy	 of	
media	reporting	of	infectious	disease).	Argus	does	not	
use	scientific	journals	as	a	primary	source	for	identify-
ing	emerging	events.	Elements	of	the	taxonomy	define	
direct	 indicators	 (i.e.	 reports	 of	 disease)	 and	 six	 cat-
egories	of	indirect	indicators	of	disease	(Table	1).	

Project	 analysts	 –	 about	 40	 regional	 specialists	 who	
collectively	are	fluent	in	approximately	40	languages	–	
monitor	 several	 thousand	 Internet	 sources	 daily.	 They	
use	 Boolean	 keyword	 searching	 and	 Bayesian	 model	
tools	 [6]	to	select	reports	from	a	dynamic	database	of	
media	reports	collected	from	Internet	sources	six	times	
daily.	 A	 complete	 archive	 is	 maintained	 for	 retrospec-
tive	 analyses	 and	 refinement	 of	 biosurveillance	 meth-
odology	 [7].	 The	 project	 analysts	 write	 event	 reports,	
which	 are	 based	 on	 relevant	 media	 reports,	 and	 a	
stage	 is	 assigned	 to	 the	 report	 based	 on	 observed	
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event	progression	according	to	a	previously	described	
heuristic	 model	 [8],	 ranging	 from	 preparatory	 (e.g.	
prevention	 activities	 and	 conditions	 conducive	 to	 dis-
ease	 emergence	 and	 transmission)	 to	 degree	 of	 dis-
ease	spread	to	degrees	of	social	disruption	to	recovery	
(Table	 2)	 [9,10].	 The	 reports	 are	 posted	 on	 a	 secure	
Internet	portal	for	the	diverse	set	of	Argus	users	[5,11]		
to	view.	

HealthMap system
HealthMap	 is	an	automated	multilingual	 real-time	dis-
ease	 outbreak	 detection,	 tracking	 and	 visualization	
system,	 which,	 like	 Argus,	 relies	 on	 publically	 avail-
able	 information,	 including	 social	 media	 and	 official	
sources,	 from	 the	 Internet	 for	 its	 data	 [2].	 It	 provides	
global	 media	 coverage,	 which,	 unlike	 Argus,	 includes	
the	United	States.	HealthMap	data	on	2009	pandemic	
influenza	 A(H1N1)	 is	 therefore	 used	 to	 describe	 the	
emergence	 and	 evolution	 of	 swine-origin	 influenza	 in	
the	United	States	and	Canada	[3,4].	

Aims of this study
Event-based	 surveillance,	 as	 conducted	 by	 the	 Argus	
and	 HealthMap	 systems,	 has	 been	 shown	 to	 be	 able	
to	 identify	 emerging	 outbreaks	 [1,5]	 from	 information	
in	publically	available	media	sources.	This	information	
can	 be	 used	 by	 public	 health	 professionals	 to	 investi-
gate	 an	 emerging	 or	 changing	 pathogen	 earlier	 than	
they	 would	 otherwise.	 This	 study	 was	 conducted	 to	
demonstrate	 quantitatively	 how	 event-based	 surveil-
lance	 is	 a	 useful	 tool	 complementary	 to	 traditional	
public	health	surveillance	methods	for	providing	early	
warning	and	tracking	of	an	emerging	outbreak.	

Methods

Selection of Argus reports
We	 retrieved	 from	 the	 Argus	 archive	 reports	 written	
by	 project	 analysts	 based	 on	 Spanish-	 and	 English-
language	 Internet	 media	 reports	 of	 respiratory	 dis-
ease,	 including	 the	 2009	 pandemic	 influenza	 A(H1N1),	
in	 Mexico	 between	 1	 October	 2007	 and	 31	 May	 2009	
(thus	 covering	 the	 2007–8	 and	 2008–9	 respiratory	

disease	 seasons).	 We	 reviewed	 the	 Argus	 reports	 and	
identified	 the	 geographical	 locations	 of	 the	 events	
described	 in	 them.	 The	 number	 of	 sources	 and	 media	
reports	 archived	 did	 not	 vary	 substantially	 between	
the	2007–8	and	2008–9	respiratory	disease	seasons.	

Determining frequency of reporting 
of respiratory disease in Mexico 
As	Argus	does	not	categorise	articles	by	topic	as	they	
are	 archived,	 the	 total	 number	 of	 reports	 written	 on	
respiratory	 disease	 by	 the	 project	 analysts	 was	 used	
as	the	numerator.	Each	Argus	report	is	based	on	one	or	
more	media	reports.	The	rate	of	reporting	was	defined	
as	 the	 ratio	 of	 the	 number	 of	 written	 reports	 meet-
ing	 the	 inclusion	 criteria	 to	 the	 total	number	of	media	
reports	 in	 the	 archive	 from	 Mexican	 sources,	 which	
were	 computed	 as	 a	 function	 of	 time	 (in	 days)	 for	 the	
study	period.	

Descriptive	 statistics,	 including	 reporting	 frequency	
and	 mean	 reporting	 rate,	 were	 also	 computed.	 Argus	
heuristic	 report	 staging	 [8]	 was	 also	 analysed	 for	 the	
study	 period	 and	 descriptive	 statistics	 computed,	
including	the	frequency	of	each	stage	and	mean	stage.	

The	Shapiro–Wilk	test	was	used	to	assess	the	normal-
ity	 of	 the	 data.	 The	 reporting	 rate	 and	 stage	 data	 for	

Table 1
Argus taxonomy elements of media reporting of infectious disease

Taxonomy element Content of media reports
Direct	indicators	of	disease
Reports	of	human	disease Illness	at	one	or	more	geographical	location
Indirect	indicators	of	disease
Official	acknowledgement Acceptance	or	denial	of	disease	presence	by	a	government	official	

Official	action Implementation	of	countermeasures,	biosurveillance,	health	alerts,	official	investigations	and	changes	
to	current	policies	and	procedures	by	authorities	at	local,	national	and/or	international	level

Integrity	of	infrastructure Compromise	or	collapse	of	a	society
Local	perception	of	threat Periods	of	heightened	anxiety	and	public	concern	within	a	society

Demand	for	medical	services Shifts	in	supply	and	demand	of	medical	care,	pharmaceuticals	(e.g.	drugs,	vaccines),	supplies	(e.g.	face	
masks,	gloves),	etc.	and	mobilisation	of	those	resources

Business	practice	changes Changes	in	economic	markets

Table 2
Argus staging system

Stage Description of events
A	 Potential	antecedent	to	a	biological	event
1 Unifocal	biological	event
2 Multifocal	biological	event
3 Infrastructure	strain
4 Infrastructure	collapse
R	 Recovery	(event	no	longer	present)a

a	 Recovery	is	defined	as	six	weeks	of	non-reporting	on	an	event	or	
declaration	by	the	World	Health	Organization	(WHO)	or	the	World	
Organisation	for	Animal	Health	(OIE)	that	the	event	is	no	longer	
present.
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each	 season,	 1	 October	 2007	 to	 31	 May	 2008	 and	 1	
October	 2008	 to	 31	 May	 2009,	 were	 not	 normally	 dis-
tributed	 (2007–8	 rate:	 W=0.7067,	 p<0.0001;	 2008–9	
rate:	 W=0.647,	 p<0.0001;	 2007–8	 stage:	 W=0.5679,	
p<0.0001;	 2008–9	 stage:	 W=0.6879,	 p<0.0001).	 Thus	
the	 non-parametric	 Wilcoxon	 rank-sum	 test	 was	 used	
to	assess	the	difference	in	mean	rate	of	respiratory	dis-
ease	 reporting	 and	 mean	 stage	 between	 the	 2007–8	
and	 2008–9	 seasons.	 All	 statistics	 were	 computed	
using	R	Version	2.9-0	[12].

A	 sample	 of	 Argus	 reports	 (n=133)	 classified	 as	 stage	
2	or	greater	from	1	January	2009	to	23	April	2009,	was	
randomly	selected	using	an	R-random	number	genera-
tor	and	assembled	into	a	table	of	events,	before	wide-
spread	 media	 reporting	 of	 the	 pandemic	 influenza	 in	
the	international	media.	The	sample	was	reviewed	and	
compared	 with	 reports	 not	 selected	 by	 randomisation	
from	the	time	period	and	was	determined	to	be	repre-
sentative	of	the	larger	dataset.

Selection of HealthMap reports
A	 table	 of	 events	 from	 HealthMap,	 based	 on	 English-	
and	 Spanish-language	 sources	 covering	 the	 United	
States	 and	 Canada,	 was	 also	 assembled.	 HealthMap	
uses	 automated	 crawling	 and	 filtering	 tools	 to	 iden-
tify	 relevant	 media	 reports,	 which	 are	 posted	 to	 the	
HealthMap	 website	 [2,	 4,	 13].	 At	 least	 one	 of	 eight	
analysts	 employed	 by	 HealthMap	 reviews	 all	 informa-
tion	posted	to	the	site	for	accuracy,	relevance	and	cor-
rect	categorisation.		Any	report	from	21–23	April	2009	

referring	 to	 swine	 influenza	 was	 included	 in	 the	 table	
of	events.			

Results

Frequency of Argus reports on 
respiratory disease in Mexico
From	 an	 archive	 of	 2.1	 million	 Internet	 media	 reports	
collected	 in	 2007–2008	 and	 2.0	 million	 articles	 in	
2008–2009,	 722	 Argus	 reports	 were	 identified,	 684	
of	 which	 met	 the	 inclusion	 criteria.	 Figure	 1	 shows	 an	
increase	in	reporting	frequency	during	the	2008–9	res-
piratory	disease	season	relative	to	that	of	2007–8.	

Between	 1	 October	 2007	 and	 31	 May	 2008,	 the	 mean	
rate	of	reporting	per	day	was	2.19,	whereas	in	the	same	
period	 in	 2008–2009,	 the	 mean	 rate	 per	 day	 was	 sig-
nificantly	higher	(4.08)	(W=3,985,	p<0.0001).	 In	2008,	
the	 reporting	 rate	 declined	 by	 almost	 twofold	 from	
January	 to	 February	 and	 decreased	 further	 in	 April,	
whereas	 in	 2009,	 the	 reporting	 rate	 also	 decreased	
from	 January	 to	 February	 by	 about	 twofold,	 though	 it	
remained	higher	than	in	the	same	period	in	2008.	The	
reporting	 rate	 started	 to	 increase	 in	 March	 2009	 and	
continued	to	rise	in	April,	spiking	more	than	fivefold	by	
the	end	of	the	month.	This	higher	rate	of	reporting	from	
1	 January	 to	 30	 April	 2009,	 compared	 with	 the	 same	
period	in	2008,	was	also	significant	(W=780,	p<0.001).

The	 increase	 in	 the	 number	 of	 Argus	 reports	 in	 the	
2008–9	 season	 (n=491)	 compared	 with	 those	 in	 the	

Figure 1
Mean rate per day of Argus reporting of respiratory disease in Mexico, based on Internet media reports, 1 October 2007 – 
31 May 2009
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Figure 2
Argus respiratory disease reports by Mexican state, based on Internet media reports, for the 2007–8 and 2008–9 respiratory 
disease seasons
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2007–8	 season	 (n=193)	 is	 illustrated	 by	 Mexico	 total,	
Mexico	unattributed	and	Mexican	state	in	Figure	2.

Geographical focus of respiratory 
disease reporting in Mexico
No	 clear	 geographical	 focus	 of	 respiratory	 disease	
reporting	 during	 the	 2007–8	 respiratory	 disease	 sea-
son	 was	 discernable	 (Figure	 2).	 Potential	 clusters	
of	 increased	 reporting	 in	 the	 2008–9	 season	 com-
pared	 with	 the	 2007–8	 season	 were	 evident	 in	 the	
states	 of	 Chihuahua,	 Distrito	 Federal,	 Guanajuato,	
Hidalgo,	Oaxaca,	San	Luis	Potosi,	Sonora,	Tamaulipas,	
Tlaxacala,	 Veracruz-Llave	 and	 Zacatecas.	 Argus	
reports	 based	 on	 media	 reports	 from	 these	 states	 in	
the	 2008–9	 season	 represented	 a	 greater	 than	 60%	
increase	 in	 reporting	 frequency	 compared	 with	 that	
in	the	2007–8	season.	Statistical	significance	of	state	
trends	was	not	determined.	

Outbreak severity
An	assessment	of	outbreak	severity	via	media	reports	
provides	 context	 for	 interpreting	 the	 events.	 As	
described	 above,	 Argus	 does	 this	 by	 staging	 reports	
according	 to	 a	 heuristic	 model	 of	 societal	 disruption	
(Table	 2)	 [8].	 As	 depicted	 in	 Figure	 3,	 reports	 on	 res-
piratory	 disease	 outbreaks	 in	 Mexico	 were	 predomi-
nately	 stage	 2	 and	 occasionally	 stage	 3	 (mean=2.35)	
throughout	 the	2008–9	season,	whereas	 in	 the	corre-
sponding	 period	 the	 previous	 year,	 reports	 were	 con-
sistently	staged	at	2	or	 less	 (mean=1.80).	Thus,	using	
this	 staging	 system,	 the	 mean	 stage	 of	 the	 reports	 in	
the	2008–9	season	was	significantly	higher	 than	 that	

of	 the	 reports	 in	 the	 2007–8	 season	 (W=30,184.5,	
p<0.0001),	 indicating	 higher	 social	 disruption	 in	 the	
later	season.	

Unusual timing and extent of respiratory 
disease reporting in Mexico 
We	 reviewed	 the	 Argus	 reports	 to	 estimate	 when	 res-
piratory	illness	reporting	frequency	became	prominent	
and	 anomalous	 in	 the	 Mexican	 media	 in	 the	 2008–9	
respiratory	disease	season.	Table	3	illustrates	the	tim-
ing	of	events,	based	on	a	random	selection	of	reports	
classed	 as	 stage	 2	 and	 greater	 from	 1	 January	 to	 23	
April	 2009,	 before	 widespread	 reporting	 of	 2009	 pan-
demic	 influenza	 A(H1N1)	 in	 the	 international	 media.	 It	
illustrates	 that	 respiratory	 disease	 was	 prevalent	 in	
parts	of	Mexico,	and	reported	as	unusual,	much	earlier	
than	the	microbiological	identification	of	the	pandemic	
virus	in	late	April	2009	[14].

Emergence of pandemic influenza A(H1N1) 
in the United States and Canada
In	the	United	States,	two	cases	developed	symptoms	of	
swine	influenza	A(H1N1)	in	late	March	2009	in	California	
and	 were	 reported	 in	 mid-April	 [15].	 The	 timing	 of	 the	
emergence	 and	 evolution	 of	 the	 pandemic	 influenza	
in	 the	 United	 States	 and	 Canada,	 based	 on	 data	 col-
lected	 by	 the	 HealthMap	 system	 from	 21	 to	 23	 April	
2009,	before	recognition	of	the	novel	virus	and	report-
ing	 by	 the	 international	 media,	 is	 depicted	 in	 Table	 4.	
As	can	be	seen,	the	United	States	media	began	report-
ing	 on	 the	 two	 cases	 on	 21	 April	 [2	 and	 sources	 cited	
therein,	15].	This	was	followed	by	the	reporting	of	three	

Table 3
Emergence and evolution of respiratory disease in Mexico, 1 January – 23 April 2009a

Date 2009 Mexican state Report summary Report stage
5	Jan Durango Demand	for	emergency	services	at	El	Salto	Hospital	increases	100% 2
6	Jan Veracruz-Llave Respiratory	diseases	account	for	30%	of	consultations	at	Panuco	Clinic 2
8	Jan Chihuahua Delicias	pharmacy	runs	out	of	respiratory	medicines 2
12	Jan Chihuahua Number	of	respiratory	disease	cases	increases	in	Juarez;	children	are	most	affected 2
16	Jan Nayarit Acute	respiratory	infections	increase	daily	during	winter 2
9	Feb Queretaro	de	Arteaga Number	of	respiratory	disease	cases	increased	in	San	Juan	del	Rio 2
26	Feb	 Chiapas Acute	respiratory	diseases	are	primary	cause	for	consultations	in	South	Chiapas 2

9	Mar Tlaxcala Classes	suspended	at	secondary	school	due	to	25	influenza	cases	in	Ixtacuixtla,	
Tlaxcala 2

18	Mar Veracruz-Llave 106	acute	respiratory	infections	treated	at	Tantoyuca	Hospital	in	last	month 2

1	Apr Baja	California	Sur Number	of	respiratory	disease	cases	increased	recently	in	Loreto;	hundreds	of	
cases	of	respiratory	disease	in	recent	weeks 2

2	Apr Veracruz-Llave 60%	of	La	Gloria	community	affected	by	‘strange	outbreak’ 2
6	Apr Durango Demand	due	to	respiratory	diseases	remains	high	at	El	Salto	Hospital 2

8	Apr Veracruz-Llave 30%	of	La	Gloria	affected	by	respiratory	disease;	influenza	ruled	out;	cannot	
scientifically	implicate	hog	farm	in	the	respiratory	disease	cases 2

21	Apr No	state
(Mexico	in	general)

International	pharmaceutical	company	moves	forward	in	plans	to	manufacture	
influenza	vaccine 3

22	Apr Distrito	Federal 120	clinical	cases	of	influenza	at	hospitals	in	Distrito	Federal;	at	least	two	nurses	
affected;	hospital	staff	report	lack	of	personal	protection	 2

a	 Based	on	randomly	selected	Argus	reports	Stage	2	or	higher.	
Note	that	the	data	in	these	reports	are	consistent	with	HealthMap’s	coverage	of	respiratory	disease	in	Mexico	(data	not	shown).
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additional	 cases	 in	 California	 and	 two	 in	 Texas	 on	 23	
April.	The	following	day,	there	were	75	suspected	cases		
in	Queens,	New	York.	By	27	April,	widespread	informal	
reporting	 across	 the	 United	 States	 was	 observed	 by	
HealthMap.	Canadian	reporting	had	significant	overlap	
with	 United	 States	 reporting	 on	 this	 event	 from	 21	 to	
23	April	2009.		Thus	the	recognition	of	the	novel	virus	
in	the	United	States	and	Canadian	media	occurred	only	
days	 before	 widespread	 recognition	 in	 the	 interna-
tional	media,	in	contrast	to	indications	of	emergence	of	
the	event	much	earlier	in	the	Mexican	media.

Discussion and conclusion
Increased	 Argus	 event	 reporting	 frequency,	 longer	
duration	 of	 the	 respiratory	 disease	 season	 and	 sig-
nificantly	 increased	 stage	 (social	 disruption)	 of	 Argus	
event	 reports	 together	provide	evidence	of	an	anoma-
lous	 respiratory	 disease	 season	 in	 2009.	 The	 tim-
ing	 of	 events,	 based	 on	 media	 reports,	 suggests	 that	
respiratory	 disease	 was	 prevalent	 in	 parts	 of	 Mexico,	
and	 was	 reported	 as	 unusual,	 much	 earlier	 than	 the	
microbiological	 identification	 of	 the	 pandemic	 virus.	
While	 it	 is	 impossible	 to	 estimate	 the	 earliest	 date	 of	
emergence	 of	 the	 2009	 pandemic	 influenza	 A(H1N1)	
virus	 in	 the	 absence	 of	 historical	 serological	 collec-
tions	 and	 microbiological	 test	 results,	 Figure	 1	 illus-
trates	the	significantly	higher	frequency	of	respiratory	
disease	 reporting	 in	 January	 to	 April	 in	 the	 2008–9	
influenza	season	than	in	the	2007–8	season.	Likewise,	
Figure	 2	 shows	 the	 significantly	 higher	 mean	 stage	 in	
the	2008–9	season	than	in	the	2007–8	season.	These	
observations	suggest	a	connection	between	the	anom-
alous	respiratory	disease	season	in	Mexico	in	2008–9,	
detected	 through	 event-based	 biosurveillance,	 and	
the	2009	pandemic	 influenza	 A(H1N1).	The	connection	
remains	 unclear,	 however,	 without	 laboratory	 confir-
mation	 of	 the	 cases	 described	 in	 the	 media	 reports	
and	 without	 more	 historical	 laboratory	 data	 on	 the	
time	 frame	 of	 the	 pandemic	 emergence.	 Nonetheless,	
event-based	 biosurveillance	 provides	 a	 tool	 for	 early	

detection	 of	 emerging	 outbreaks	 complementary	 to	
traditional	public	health	approaches,	though	quantita-
tive	analysis	of	such	data	is	in	the	early	stages.	To	the	
best	of	our	knowledge,	this	is	the	first	study	to	attempt	
to	 quantitatively	 analyse	 event-based	 biosurveillance	
data	over	time.

Event-based	 biosurveillance	 systems	 function	 as	 cue-
ing	 and	 alerting	 systems	 to	 government	 officials	 and	
public	 health	 professionals	 by	 disseminating	 reports	
of	potentially	emerging	biological	events.	Public	health	
professionals	 can	 act	 on	 these	 surveillance	 reports	
mainly	when	they	are	considered	within	the	context	of	
societal,	 epidemiological	 and	 immunological	 factors.	
Biosurveillance	 reports,	 such	 as	 those	 analysed	 in	
this	study,	provide	 information	on	these	factors.	Such	
event-based	 surveillance	 data	 can	 cue	 public	 health	
professionals	 to	 investigate	 an	 emerging	 or	 changing	
pathogen	earlier	than	they	otherwise	would,	as	well	as	
provide	 a	 means	 for	 monitoring	 the	 spread	 of	 disease	
and	its	severity	in	a	population	or	region.	Examples	of	
early	 public	 health	 response	 include	 directed	 sample	
collection	 for	 laboratory	 confirmation,	 deployment	 of	
diagnostic	 test	 kits	 to	 affected	 regions,	 and	 initiation	
of	preventive	measures,	such	as	border	closings,	wear-
ing	of	face	masks	and	limiting	public	events.

Event-based	 biosurveillance,	 such	 as	 that	 described	
in	 this	 study,	 is	 a	 tool	 complementary	 to	 traditional	
public	 health	 surveillance	 methods	 used	 to	 identify	
an	 outbreak	 and	 track	 its	 progression.	 Media	 reports	
can	sometimes	be	difficult	to	confirm,	highlighting	the	
need	 for	 clinic-based	 syndromic	 surveillance	 in	 con-
junction	 with	 microbiological	 surveillance	 for	 verifica-
tion	 and	 diagnosis	 of	 disease(s)	 present	 in	 suspected	
outbreaks.	 In	 nations	 where	 traditional	 public	 health	
surveillance	 is	 not	 possible,	 event-based	 biosurveil-
lance	 data	 may	 be	 helpful	 in	 situational	 awareness	
until	other	methods	are	deployed.	

Table 4
Emergence and evolution of swine-origin influenza in the United States and Canada, 21–23 April 2009a

Date 2009 Location of event Report title

21	Apr San	Diego	and	Imperial	County,	California,	USA The	Canadian	Press:	Unrelated	cases	of	swine	flu	in	Calif.	children	have	US	
officials	on	alert	

23	Apr	 San	Diego	and	Imperial	County,	California,	USA;	
San	Antonio,	Texas,	USA	 More	US	swine	flu	cases,	Mexico	illnesses	raise	pandemic	questions

23	Apr Canada;	
California	and	Texas,	USA Canadian	health	officials	eye	Mexican	outbreak

23	Apr Canada Canadians	returning	from	Mexico	urged	to	be	on	alert	for	flu-like	symptoms
23	Apr Cornwall,	Ontario,	Canada Health	officials	on	watch	after	mystery	Mexican	outbreak

23	Apr San	Diego,	California,	USA;	
San	Antonio,	Texas,	USA CDC	confirms	7	cases	of	swine	flu	in	humans

23	Apr California	and	Texas,	USA Doctors	warned	to	watch	for	mystery	illness	in	tourists	returning	from	
Mexico

Calif.:	Californian;	CDC:	United	States	Centers	for	Disease	Control	and	Prevention;	US:	United	States;	USA:	United	States	of	America.
a	 Before	recognition	of	the	novel	virus	and	reporting	by	the	international	media.
Source:	HealthMap.	
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The	 value	 added	 by	 event-based	 biosurveillance	 is	
that	 media	 reports	 encompass	 both	 direct	 indicators	
of	 disease	 occurrence	 and	 indirect	 indicators	 based	
on	 societal	 response	 to	 an	 emerging	 event,	 and	 they	
are	 produced	 in	 real	 time.	 Indirect	 indicators	 may	
allow	identification	of	media	signals	of	anomalous	dis-
ease	 activity,	 and	 tracking	 such	 anomalous	 events	 in	
the	 media	 may	 provide	 clues	 to	 emerging	 events.	 In	
July	 2009,	 WHO	 recommended	 that	 countries	 monitor	
unexpected,	 unusual	 or	 notable	 changes	 in	 patterns	
of	 influenza	 transmission	 or	 severity	 of	 the	 disease,	
including	spikes	 in	 rates	of	absenteeism	from	schools	
or	 workplaces,	 or	 increases	 in	 the	 number	 of	 emer-
gency	 department	 visits	 [16].	 This	 type	 of	 monitoring	
became	 more	 crucial	 as	 the	 2009	 influenza	 pandemic	
evolved,	 particularly	 as	 global	 diagnostic	 capabilities	
became	 overwhelmed	 and	 monitoring	 of	 case	 counts	
became	 increasingly	 problematic.	 Regional,	 cultural	
and	 linguistic	 expertise	 is	 key	 to	 tracking	 anomalous	
events	 through	 recognising	 local	 signatures	 of	 social	
disruption,	 identifying	 indirect	 indicators	 and	 assign-
ing	the	appropriate	event	staging.

Our	study	made	use	of	historical	data	available	 in	 the	
Argus	archive	from	2007	and	for	HealthMap	from	2006.	
Though	not	presented	in	this	study,	HealthMap	reports	
from	 the	 Spanish	 media	 during	 the	 2006–7	 season,	
including	 but	 not	 limited	 to	 Mexican	 sources,	 show	 a	
high	 frequency	 of	 reporting	 in	 March	 similar	 to	 that	
observed	 in	 March	 2009.	 This	 highlights	 the	 need	 for	
improved	 baseline	 data	 in	 order	 to	 distinguish	 more	
precisely	 anomalous	 signal	 from	 background	 report-
ing.	Such	baseline	data,	which	can	be	generated	from	
quantitative	 studies	 evaluating	 archival	 multiyear	 sur-
veillance	data	from	Argus,	HealthMap	and	other	event-
based	 surveillance	 systems,	 would	 provide	 a	 means	
for	better	understanding	of	media	signatures,	enabling	
more	specific	signal	generation	and	the	establishment	
of	signal	thresholds.	Consequently,	a	more	robust	cue-
ing	and	alerting	capability	would	be	available	 for	offi-
cials	 responsible	 for	 determining	 when	 to	 trigger	 an	
investigation	 of	 a	 pertinent	 emerging	 event.	 Spatial	
and	 temporal	 modelling	 have	 been	 investigated	 as	
methods	 of	 distinguishing	 abnormal	 from	 normal	 pat-
terns	 in	 syndromic	 surveillance	 data	 [17],	 and	 may	
be	 applicable	 to	 event-based	 biosurveillance.	 Such	
algorithms	 will	 become	 more	 applicable	 as	 additional	
biosurveillance	 records	 are	 collected	 from	 continuing	
global	media	coverage.	

This	 retrospective	 study	 highlights	 a	 number	 of	 fac-
tors	 that	 are	 important	 for	 developing	 an	 actionable	
event-based	biosurveillance	prospective	methodology.	
Clearly	 defined	 inclusion	 criteria,	 validated	 on	 past	
outbreaks	such	as	the	2009	influenza	pandemic,	are	a	
basic	component	of	such	an	approach.	An	established	
multiyear	geospatial	baseline	of	disease	reporting	will	
form	the	basis	for	quantifying	anomaly.	Lastly,	contin-
ual	quantification	and	assessment	of	the	impact	of	dif-
ferent	 types	 of	 biosurveillance	 data	 and	 data	 sources	
upon	 system	 sensitivity,	 specificity	 and	 timeliness	

must	be	undertaken	[18].	An	important	goal	is	to	make	
it	 possible	 to	 identify	 needed	 improvements	 in	 the	
operation	 of	 event-based	 biosurveillance	 systems,	
enabling	 desired	 performance	 targets	 to	 be	 achieved.	
The	 results	 of	 retrospective	 studies	 of	 event-based	
biosurveillance	 systems,	 in	 conjunction	 with	 lessons	
learnt	from	event	detection	and	response,	can	be	used	
to	establish	thresholds	for	early	alerting	of	future	pan-
demics,	 facilitating	 more	 timely	 official	 intervention	
and	public	health	response.
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