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The increasing number of emerging infectious disease events that
have spread internationally, such as severe acute respiratory
syndrome (SARS) and the 2009 pandemic A/H1N1, highlight the
need for improvements in global outbreak surveillance. It is
expected that the proliferation of Internet-based reports has
resulted in greater communication and improved surveillance and
reporting frameworks, especially with the revision of the World
Health Organization’s (WHO) International Health Regulations (IHR
2005), which went into force in 2007. However, there has been no
global quantitative assessment of whether and how outbreak de-
tection and communication processes have actually changed over
time. In this study, we analyzed the entire WHO public record of
Disease Outbreak News reports from 1996 to 2009 to characterize
spatial-temporal trends in the timeliness of outbreak discovery and
public communication about the outbreak relative to the estimated
outbreak start date. Cox proportional hazards regression analyses
show that overall, the timeliness of outbreak discovery improved
by 7.3% [hazard ratio (HR) = 1.073, 95% CI (1.038; 1.110)] per year,
and public communication improved by 6.2% [HR = 1.062, 95% CI
(1.028; 1.096)] per year. However, the degree of improvement var-
ied by geographic region; the only WHO region with statistically
significant (x = 0.05) improvement in outbreak discovery was the
Western Pacific region [HR = 1.102 per year, 95% Cl (1.008; 1.205)],
whereas the Eastern Mediterranean [HR = 1.201 per year, 95% Cl
(1.066; 1.353)] and Western Pacific regions [HR = 1.119 per year,
95% Cl (1.025; 1.221)] showed improvement in public communica-
tion. These findings provide quantitative historical assessment of
timeliness in infectious disease detection and public reporting
of outbreaks.

disease reporting | disease surveillance | epidemiology |
disease outbreaks | public health

Infectious disease events, especially those resulting from novel
emerging pathogens, have significantly increased over the past
few decades, possibly as a result of alterations in various envi-
ronmental, biological, socioeconomic, and political factors (1-4).
Trends in globalization, including expansion in international
travel and trade, have also extended the reach and increased the
pace at which infectious diseases spread (5, 6), prompting the
need for more rapid outbreak detection and reporting along with
improved transparency to minimize the burden on global health
and the economy.

Historically, outbreaks have been reported through a struc-
tured, multilevel public health infrastructure that can involve
lengthy delays in information transmission. After event onset, it
takes an average of 15 d before the event is detected, another
12-24 h before the World Health Organization (WHO) is noti-
fied, and then another 7 d before the event is verified,* with
longer delays where public health infrastructure is lacking or
weak, or where political pressure or fear of economic repercus-
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sions may suppress information from being relayed beyond local
boundaries (7).

The increasing number of emerging infectious disease events
of international concern, such as severe acute respiratory syn-
drome (SARS) and the 2009 pandemic influenza A/HIN1, dic-
tate a specific need to increase bidirectional communication be-
tween local governments and the international community.
Recognizing this need, the Global Outbreak Alert and Response
Network (GOARN) was formed in 2000 as a global collabora-
tion to consolidate technical support for outbreak surveillance
and response efforts (8), and the WHO’s International Health
Regulations (IHR 2005) were revised to update surveillance
capacity standards and mandate reporting of disease events that
may constitute “public health emergencies of international con-
cern” (9).

The rapid expansion in Internet access and utilization over
the past decade has also potentially provided a more open route
for reporting that could push local governments toward greater
transparency. Internet data therefore may serve as a valuable,
timely, and informative data source that complements traditional
public health infrastructure. There now exist several early warn-
ing systems that collect disease-related information from informal
sources, examples being the International Society for Infectious
Diseases’ Program for Monitoring Emerging Diseases (ProMED-
mail) (10), the Public Health Agency of Canada’s Global Public
Health Intelligence Network (GPHIN) (11, 12), HealthMap (13,
14), Argus (15), MedISys (15), and BioCaster (16).

Although there have been many changes and developments
over the course of time that are expected to improve epidemic
surveillance, there has been no widescale quantitative assessment
of the trends in outbreak discovery and public communication
processes, and aside from one study (2), little effort has gone
toward a detailed historical record of confirmed outbreaks. In
this study, we analyzed the entire WHO public record of Disease
Outbreak News reports and created a catalog of selected WHO-
confirmed outbreaks that occurred during 1996-2009. This data-
set was supplemented with information from corresponding in-
formal reports found by searching three Web-based informal
outbreak-reporting systems (ProMED, GPHIN, and HealthMap).
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Characterizing spatial-temporal trends over the past 14 y, we
provide a quantitative historical assessment of timeliness of global
infectious disease detection and public reporting of outbreaks.

Results

The final dataset consisted of 398 WHO-verified outbreaks that
occurred between 1996 and 2009, although only 281 remained
for the analyses once those without information indicating out-
break start dates were eliminated. Broken down by WHO region,
53% of the outbreaks occurred in Africa, 11% in the Eastern
Mediterranean, 11% in the Western Pacific, 10% in the Amer-
icas, 7% in Europe, and 7% in South-East Asia; 2% fell within
jurisdictions not classified into WHO regions (Fig. 1). The most
common diseases in the dataset were cholera (29%), yellow fever
(12%), meningitis (9%), avian influenza (9%), and dengue (5%).

Fig. 2 shows the distribution of the time difference between
estimated outbreak start date and various key dates of interest.
Median time to these “milestones” were

e carliest reported date of a case being detected (outbreak
discovery): 23 d [95% confidence interval, CI (18; 30)];

e carliest date of a public communication (local or interna-
tional, informal or official, verbal or written) about the out-
break: 32 d [95% CI (28; 38.5)];

e date of an official laboratory confirmation: 35 d [95% CI
(32; 47)]; and

e date of the WHO’s Disease Outbreak News report about the
outbreak: 48 d [95% CI (40; 56)].

Looking at our milestones of interest, median time from
outbreak start to outbreak discovery and to public communica-
tion about the outbreak generally decreased over time, from 29.5
d [95% CI (13.5; 59.0)] in 1996 to 13.5 d [95% CI (3.5; 44.5)] in
2009 for outbreak discovery, and from 40 d [95% CI (23.5; 80)]
in 1996 to 19 d [95% CI (11.5; 56.5)] in 2009 for public com-
munication (Fig. 3). With respect to when the revised IHR went
into force in 2007, median time from outbreak start to outbreak
discovery was 28 d [95% CI (20; 32)] before their implementa-
tion and 7 d [95% CI (4; 14)] after implementation, whereas
for public communication, it was 33 d [95% CI (29; 40)] and 23 d
[95% CI (17; 43)], respectively.

These lags from outbreak start also varied by geographic re-
gion, with the longest delays, on average, in Africa [30 d, 95% CI

WHO Region

Africa

= Americas
Eastern Mediterranean
Europe

= South-East Asia
Western Pacific

(24; 41), and 43 d, 95% CI (31; 51), for outbreak discovery and
public communication, respectively] and the Eastern Mediter-
ranean [29 d, 95% CI (10; 44), and 39 d, 95% CI (20; 54)], and
the shortest delays in South-East Asia [16.5 d, 95% CI (6; 34),
and 15 d, 95% CI (11; 38)] and the Western Pacific [4 d, 95% CI
(3; 7), and 18.5 d, 95% CI (12.5; 30.5)] (Fig. 4).

The results of the univariate Cox proportional hazards re-
gression analyses show that overall, the timeliness of outbreak
discovery improved by 7.3% [hazard ratio (HR) = 1.073, 95% CI
(1.038; 1.110)] per year, whereas the timeliness of public com-
munication improved by 6.2% [HR = 1.062, 95% CI (1.028;
1.096)] per year (Table 1). Excluding outbreaks in Africa, which
constitute half of the dataset, the hazard ratio per year increases
to 1.111 [95% CI (1.057; 1.167)] and 1.113 [95% CI (1.061;
1.168)], respectively. However, stratified by WHO region, the
only region with statistically significant (a = 0.05) improvement of
outbreak discovery was the Western Pacific region [HR = 1.102
per year, 95% CI (1.008; 1.205)], whereas the Eastern Mediter-
ranean [HR = 1.201 per year, 95% CI (1.066; 1.353)] and Western
Pacific regions [HR = 1.119 per year, 95% CI (1.025; 1.221)]
showed improved public communication. Other regions with
large, but not statistically significant, hazard ratios were South-
East Asia [HR = 1.169 per year, 95% CI (0.972; 1.406)] and the
Eastern Mediterranean [HR = 1.119 per year, 95% CI (0.996;
1.256)] for outbreak discovery, and South-East Asia [HR = 1.128
per year, 95% CI (0.948; 1.342)] for public communication.

For the sensitivity analysis, periods before and after a sequen-
tially changed cutoff year were compared using Cox proportional
hazards regression. The per-year hazard ratios were statistically
significant (« = 0.05) for the cutoff years 2000 onwards for out-
break discovery and for 1999-2005 for public communication.
The per-year hazard ratio for outbreak discovery started in-
creasing after 2003, with peaks in 2007 [HR = 2.0289, 95% CI
(1.387; 2.968)] and in 2005 [HR = 1.979, 95% CI (1.492; 2.625)].
The per-year hazard ratio for public communication also started
increasing after 2003, and peaked in 2005 [HR = 1.664, 95% CI
(1.259; 2.199)] (Fig. 5).

Discussion

In this study we explore temporal and spatial trends in the out-
break discovery and public communication processes over the
past 14 y. Our analyses show that the average interval between
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Fig. 1. Geographical distribution of a subset of outbreaks confirmed and reported by WHO, 1996-2009. Points mark the reported origin of the outbreak, or if
unknown, where the highest reported morbidity and mortality rates were reported. (World borders dataset downloaded from http:/thematicmapping.org/.)
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Fig. 2. Box plots of the median time between estimated outbreak start and
various outbreak milestones for a subset of WHO-confirmed outbreaks,
1996-2009. Public communication refers to the earliest date of the public
being informed about the existence of cases. WHO report refers to the date
of WHO's Disease Outbreak News report about the outbreak. Some extreme
outliers are not shown. n, sample size.

estimated outbreak start to the earliest reported date of out-
break discovery, and to the earliest date of a public communi-
cation about the outbreak, both decreased over this period,
although there was geographic variation, with the greatest gains
in the Eastern Mediterranean and the Western Pacific regions.

Although reporting delays in public health surveillance sys-
tems have been evaluated previously (17), we know of no large-
scale studies that have quantitatively looked at how these lags
have changed over the course of an extended period worldwide.
Studies have tended to be systems-based or country- or disease-
specific evaluations and have focused on the delay in reporting to
public health units, whereas here we look at lags in communi-
cating to the general public.

Possible explanations for the improvement in time to outbreak
discovery and public communication over this period include
the formalization of international collaborations and regulations
to mediate prompt detection of and response to public health
emergencies of international concern, as well as technological
advancements that facilitate the capacity for surveillance, de-
tection, and reporting.

A major advancement has been the formation of GOARN in
2000 (8). A voluntary collaboration coordinated through the
WHO, GOARN provides an operational network through which
human and technical resources from over 140 existing institu-
tions and networks in global epidemic surveillance are pooled,
with aims of “combating the international spread of outbreaks;
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Fig. 3. Box plots of the temporal trends in the yearly median time between
estimated outbreak start and (A) outbreak discovery and (B) public com-
munication about the outbreak for selected WHO-verified outbreaks, 1996—
2009. The revised International Health Regulations (IHR 2005) went into
effect in 2007.
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Fig. 4. Box plots of the median time difference from estimated outbreak
start to outbreak discovery and public communication about the outbreak
for selected WHO-verified outbreaks,1996-2009, across various WHO re-
gions. Extreme outliers are not shown.

ensuring that appropriate technical assistance reaches affected
states rapidly and contributing to long-term epidemic prepared-
ness and capacity building.”

The revision of the WHO’s IHR, adopted at the World Health
Assembly in 2005 and in effect since 2007, also marks a major
milestone by adapting the regulations to modern realities (9).
Core to the functioning of GOARN, the IHR (2005) set forth
regulations for strengthening core surveillance and response
capacities (18). Changes include requiring state parties to notify
the WHO of any disease event that may constitute a “public
health emergency of international concern” (PHEIC) occurring
within their territory, defined as “an extraordinary event which is
determined ... (i) to constitute a public health risk to other
States through the international spread of disease and (ii) to
potentially require a coordinated international response” (18).
This “all-risks” approach (9) contrasts with the short list of no-
tifiable diseases specified in the previous IHR, although we have
restricted this study to infectious disease events, excluding other
events of a radiological or chemical nature, for example.

The revised IHR also set minimum requirements for de-
veloping and maintaining core capacities for detecting and
responding to PHEIC, to be fulfilled by 2012 (19). Our findings
show that outbreak discovery and public communication have
improved over time, particularly in the Eastern Mediterranean
and Western Pacific regions, and possibly also in South-East Asia
(which did not reach statistical significance, perhaps due to lack of
statistical power). The concentration of avian influenza outbreaks
emerging from these regions may have fueled particular global
scrutiny and development of stronger surveillance infrastructure
over the past several years (20). This would be a promising im-
provement, as these regions include many of the world’s de-
veloping nations, which have faced challenges with newly emerging
and reemerging infectious diseases (1), with surveillance capacity
and reporting (8), and with potential economic consequences of
reporting (21, 22). However, our findings show that some of the
longest delays in outbreak discovery and public communication
occurred in Africa. Africa also comprised half of our dataset,
confirming its continued status as an infectious disease hotspot (1).
These findings reiterate the continued need for development of
public health infrastructure in Africa, assisted by efforts such
as GOARN.

Though official electronic reporting systems (including auto-
mated ones) have generally helped improve the completeness
and timeliness of reporting (13, 23, 24), informal Web-based

PNAS | December 14,2010 | vol. 107 | no.50 | 21703

MEDICAL SCIENCES



Table 1. Results of univariate Cox proportional hazards regression analyses of WHO-verified outbreaks during

1996-2009, for all regions and for specific WHO regions

Outbreak discovery

Hazard ratio per

Public communication

Hazard ratio per

Sample size year (95% CI) Sample size year (95% ClI)
Overall* 276 1.073 (1.038;1.110)" 280 1.062 (1.028;1.096)"
Excluding Africa 139 1.111 (1.057;1.167)" 141 1.113 (1.061;1.168)"
Africa 137 1.047 (1.000;1.098) 139 1.028 (0.983;1.074)
Americas 24 1.059 (0.938;1.195) 24 1.077 (0.947;1.226)
South-East Asia 18 1.169 (0.972;1.406) 19 1.128 (0.948;1.342)
Europe 19 1.016 (0.890;1.159) 19 0.993 (0.864;1.141)
Eastern Mediterranean 33 1.119 (0.996;1.256) 33 1.201 (1.066;1.353)"
Western Pacific 37 1.102 (1.008;1.205)" 38 1.119 (1.025;1.221)1

Date of outbreak start was the covariate, and outbreak discovery and public communication were the two outcomes explored.
Outbreaks where dates of outbreak start, outbreak discovery, or public communication were not known, and could not be estimated,

were excluded. Cl, confidence interval.

*Including colonies/territories/countries that had no WHO region classification.

TStatistically significant (« = 0.05).

media reports, blogs, and discussion groups also have opened
alternate channels for reporting (25), and could provide poten-
tially earlier outbreak signals, as was demonstrated retrospec-
tively with SARS (11) and pandemic influenza A/HIN1 (26). The
Internet can propel local issues to greater exposure at the global
level by casting a spotlight that effectively pressures governments
toward greater transparency and compliance with international
reporting standards, and may well provide an explanation for the
significant improvements in timeliness of outbreak discovery and
public communications. In fact, the majority of current WHO
investigations of ultimately confirmed outbreaks were prompted
by reports from unofficial sources such as the media (1, 27). The
revised IHR allow the WHO to use nonofficial information
sources for the first time as a basis for requesting verification
from the affected state parties. They also require the WHO to
share such information with all relevant state parties and orga-
nizations when necessary to initiate a public health response (9).

Overall, determining the exact role of the implementation of
the IHR (2005) in the improvement in time to outbreak dis-
covery and public communication in this study is challenging.
Although we obtained larger and statistically significant per year
hazard ratios comparing the “hazard” before and after IHR
(2005) adoption in 2005 for both outbreak discovery and public
communication, and before and after IHR (2005) implementa-
tion in 2007 for outbreak discovery, we cannot with certainty at-
tribute the improvement exclusively to the revised IHR because
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Hazard Ratio (per year)
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Outbreak Discovery
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Fig. 5. A sensitivity analysis where serial Cox proportional hazards re-
gression analyses were performed to determine the hazard ratio comparing
the hazard for (A) outbreak discovery and (B) public communication about
the outbreak before and after a cutoff date that was sequentially changed
to June 15 of each year from 1997 to 2008. WHO's revised International
Health Regulations (IHR 2005) officially went into force on June 15, 2007.
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of potential confounding with the passage of time or other fac-
tors also associated with time such as technological improve-
ments. Models were unable to accommodate both an IHR
variable and a time variable to control for time because the two
variables are highly correlated. Our sensitivity analysis also shows
that significant improvements in outbreak discovery and public
communications about outbreaks started occurring as early as
2003, in the aftermath of SARS and several years before the
implementation of the revised IHR in 2007. SARS may have had
an immediate effect by encouraging diligence in surveillance and
reporting and certainly was a critical factor in pushing the final
revision and adoption of the IHR (9). However, though the
improvement in outbreak discovery appears to have been sus-
tained, the hazard ratio for public communications dropped to
the pre-2003 levels after 2005.

There may be debate as to whether public communication of
an event is always necessary. Restricting reported sensitive in-
formation to the relevant organizations might encourage trans-
parency and official reporting from countries concerned about
potential economic consequences due to the presence of an
outbreak. However, astute clinicians have been a cornerstone of
public health surveillance, and many control measures require
informing both clinicians and the general public of the risk to
encourage their participation in prevention measures, such as
staying home from school/work, boiling water, removing stagnant
water, or getting immunized. Although there is a balance in de-
ciding when to report outbreaks publicly, for this study we chose
to analyze time to public communication with the second scenario
in mind.

There are several limitations in this study. The WHO receives
and posts communications about public health events on a pri-
vate internal website, and although this site is accessible by
National Focal Points (required by the IHR to be established
by member states as a means to communicate to and from the
WHO), not all of these events are necessarily made known to
the public (28). Difficulties also arose in choosing and applying,
consistently, a set of exclusion criteria to arrive at our selected
subset. For example, it was challenging to concretely define en-
demic disease, or to determine when isolated clusters of illness
constituted outbreaks. To fill in information gaps, we used in-
formal media sources and estimated dates. In addition, we may
have overlooked information if it was not captured by the reports
analyzed. These limitations are compounded by difficulties in
interpreting wording in reports and translating this information
into concrete “outbreak milestones.”

Chan et al.
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In addition, there are inherent reporting biases in the data
sources used in this study, including language and regional biases
(29). Although the three systems from which we obtained data
for this study have all made increasing efforts to incorporate
more local-language media sources, the reports collected were
still predominantly from English-language sources. Biases may
also arise from heightened surveillance for certain diseases in
regions for which there is a predisposition for disease activity,
although we attempted to minimize this bias by excluding en-
demic/seasonal diseases.

Despite these limitations, we provide reasonable estimates of
the improvement in surveillance over time across a variety of
diseases and geographic regions. Accurate identification of dis-
ease outbreaks is crucial for expediting implementation of ap-
propriate control measures. Therefore, there is a need to identify
geographic regions where the outbreak detection and public
communication processes could be improved, as well as where
they have improved to identify and learn from successful strate-
gies. Future studies could look into outbreak milestones by type of
disease, estimating specificity of informal disease reports, and
delve deeper into the advantages of different surveillance strate-
gies using a systems comparison. With the collection of additional
years of data, it would be possible to better assess the effectiveness
of the revised THR, increase statistical power for analyses strati-
fying by region and disease, and identify other explanatory factors
associated with delayed or lack of improvement in the disease
surveillance and reporting processes.

Methods

Data Sources. Official reports. The WHO disseminates Disease Outbreak News
reports online at http://www.who.int/csr/don/en/. These reports describe
confirmed public health events deemed of international concern (27).
Informal reports. The informal online reports analyzed in our evaluation were
collected from three systems that monitor both formal and informal online
sources for disease reports.

ProMED-mail. The Program for Monitoring Emerging Diseases (ProMED)-
mail is an expert-moderated global electronic reporting system that collects
information about infectious disease outbreaks and acute toxin exposures
from local media, regional observers, and official reports (10, 30). ProMED
distributes summary reports through http:/www.promedmail.org/ and via
e-mail to subscribers.

GPHIN. The Global Public Health Intelligence Network (GPHIN) is a re-
stricted early warning network operated by the Public Health Agency of
Canada (11, 12). Through an automated process, the system continuously
retrieves and categorizes online news articles about any health hazards
(diseases, toxin exposures, tsunamis, etc.) across nine languages currently.
Analysts then review these classifications for relevancy and importance, and
alerts are sent to subscribers.

HealthMap. HealthMap is an Internet-based, multilingual, and largely
automated disease surveillance system that collects infectious disease in-
formation from a variety of official and informal (news media, personal
accounts) electronic sources (13, 14). Using natural language processing
tools, each report is automatically categorized by geographic location and
disease. Human curators review these classifications, and aggregated alerts
are displayed on a freely available interactive map at http://www.health-
map.org/.

Database Assembly. Using the WHO's set of Disease Outbreak News reports
as a gold standard of outbreak reporting, a database of selected distinct
WHO-confirmed outbreaks that occurred during 1996-2009 was created.
Outbreak reports of endemic or seasonally recurrent diseases, isolated or
single cases, diseases occurring in animals, food-borne outbreaks, non-
natural cases (e.g., acts of bioterrorism and laboratory accidents), and non-
infectious health events were excluded according to predetermined
exclusion criteria (Fig. 6). Further details are provided in S/ Methods. A vi-
sualization of the distribution of the included outbreaks can be found at
http://www.healthmap.org/globalbaseline/.

For the selected set of WHO-confirmed outbreaks in this database, cor-
responding ProMED (English only), GPHIN, and HealthMap reports were
identified, and the issue date of the earliest electronic report among these
disease reporting systems was noted for each outbreak. ProMED data were
available for all years of our study period (1996-2009) but matching GPHIN

Chan et al.
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Fig. 6. The exclusion criteria applied in selecting a subset of WHO-con-
firmed outbreaks reported in Disease Outbreak News (1996-2009). A single
report may describe more than one outbreak, and may fall under more than
one exclusion criterion category.

and HealthMap reports were reviewed only for outbreaks with a WHO report
date of 2007 or later. For each outbreak, key dates such as the date that the
outbreak started or the earliest date of hospitalization or medical visit were
identified from both formal (WHO) and informal (ProMED, GPHIN, Health-
Map) reports. A full itemization of this database is provided in S/ Methods.

Analysis. In our study, we were particularly interested in three “outbreak
milestones”: (i) date of outbreak start; (ii) earliest reported date of a case
being detected (outbreak discovery); and (iii) earliest date of a public
communication (local or international, informal or official, verbal or written)
about the outbreak. Where these dates were not explicitly mentioned in the
reports analyzed, estimates were obtained using an approach based on
taking the earliest of several available dates (see S/ Methods for details).
Generally, the earliest date that we used for estimated date of outbreak
start was date of symptom onset. Date of outbreak discovery ideally referred
to the earliest reported date that authorities became aware of an ill in-
dividual (e.g., date of hospitalization or medical visit). Date of a public
communication includes dates of informal or official reports and dates of
announcements made by medical or government authorities. A total of 31%
of the outbreaks in the dataset were excluded from the following analyses
for one of these reasons: (/) estimated date of outbreak start was not
available (29.4%, n = 117); (ii) estimated date of outbreak discovery was
earlier than the estimated date of outbreak start (1.3%, n = 5); or (iii) esti-
mated date of public communication was earlier than the estimated date of
outbreak start (0.3%, n = 1).

Timeline of outbreak progression. To characterize the progression of an out-
break, we calculated the median time difference between the estimated
outbreak start date and the earliest reported dates of four outbreak mile-
stones: (i) outbreak discovery; (i) public communication about the outbreak;
(iii) laboratory confirmation; and (iv) WHO Disease Outbreak News report
about the outbreak. The 95th-percentile confidence intervals (Cls) for the
median values were also determined via the bootstrapping method (with
1,000 replicates).

Spatial temporal trends. Temporal and spatial analyses were conducted to
assess trends and relationships in the duration between outbreak start date
to (i) outbreak discovery and (ii) public communication. The median (with
the bootstrapped 95th-percentile Cl) for these time differences was calcu-
lated for each year during 1996-2009, for the periods before and after the
WHO'’s revised IHR (2005) went into force on June 15, 2007, and for each
WHO geographic region (i.e., Africa, the Americas, South-East Asia, Europe,
Eastern Mediterranean, and Western Pacific).
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Univariate Cox proportional hazards regression analysis was performed
with outbreak discovery and public communication as outcomes and the date
that the outbreak started as the predictor variable. These analyses were
repeated after stratifying the data by WHO region. In addition, because
outbreaks in the African region constituted half of the dataset, the analyses
were repeated after excluding outbreaks within this region. Cox proportional
hazards regression produces estimates of the hazard ratio. A hazard ratio
compares the “hazard” of an outcome for one stratum of the covariate
relative to that of the reference stratum. In our analyses, our two outcomes
of interest (outbreak discovery and public communication) must have oc-
curred due to how we defined our dataset. Our findings are presented as
estimated 1-y hazard ratios with 95% Cl.

A sensitivity analysis was conducted where Cox proportional hazards
regression analyses were again performed, but instead of having outbreak
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start date as the covariate, a binary variable was used, coded as 1 if the
outbreak was reported by the WHO after a certain cutoff date or 0 if before.
Therefore, the hazard ratio compares the hazard for outbreak discovery
and public communication regarding the outbreak before and after the
cutoff date. In each reiteration, the cutoff date was sequentially changed to
June 15 of each year from 1997 to 2008 (the revised IHR went into force on
June 15, 2007).
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