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World Health Organization
Perspective on Implementation of
International Health Regulations

Maxwell Charles Hardiman and World Health Organization Department of Global Capacities,
Alert and Response?

In 2005, the International Health Regulations were
adopted at the 58th World Health Assembly; in June 2007,
they were entered into force for most countries. In 2012,
the world is approaching a major 5-year milestone in the
global commitment to ensure national capacities to identify,
investigate, assess, and respond to public health events.
In the past 5 years, existing programs have been boosted
and some new activities relating to International Health
Regulations provisions have been successfully established.
The lessons and experience of the past 5 years need to be
drawn upon to provide improved direction for the future.

hroughout the >60 years that the World Health

Organization (WHO) has been in existence, member
states have made use of the constitutional provision
that permits the Health Assembly to adopt regulations
concerning sanitary and quarantine requirements and
other procedures designed to prevent the international
spread of disease (1). In 1951, the first such regulations,
the International Sanitary Regulations, were adopted and
focused on 6 communicable diseases requiring coordinated
international measures to control their transmission
between countries (2). By the 1990s, they had been
amended and renamed the International Health Regulations
(IHR); their application was reduced to only 3 diseases,
and they were considered inadequate for addressing the
increasingly globalized nature of health risks. In 1995, the
Health Assembly called on the WHO secretariat to develop
revised regulations that were more relevant to worldwide
public health challenges (3-5). A process of intensive and
wide technical consultation was followed by a series of
intergovernmental negotiations in which WHO member

Author affiliation: World Health Organization, Geneva, Switzerland

DOI: http://dx.doi.org/10.3201/eid1807.120395
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states took control of the draft and negotiated additions
and amendments to every aspect before agreeing to a final
version in time for it to be adopted at the 58th Session of
the Health Assembly (6).

Since entering into force in 2007, the IHR have
provided a legally binding global framework to support
national and international programs and activities aimed at
preventing, protecting against, controlling, and providing
a public health response to the international spread of
disease (7). Although the IHR contain articles directed
toward several facets of public health security, they can be
broadly summarized into 2 main areas: urgent actions to be
taken with respect to acutely arising risks to public health
and strengthening of national systems and infrastructure
(referred to as core capacities). This article provides an
overview of selected contributions to these areas made
during the past 5 years. It is written from the perspective
of the WHO department charged with coordinating
implementation of the IHR at WHO global headquarters
in Geneva and seeks to identify major achievements and
continuing challenges.

Establishment of National IHR Focal Points

One of the early demonstrations of global commitment
to implementation of the IHR has been the successful
establishment of National Focal Points (NFPs) in all but 1
of the states parties to the IHR. (States parties to the IHR
include all WHO member states, the Holy See [an observer
to the World Health Assembly], and Liechtenstein.) NFPs
are national centers, not individual persons, that occupy
a critical role in conducting the communications aspects

Members who contributed to this article: Anouk Berger, Stella
Chungong, Sophia Desillas, Paula Gomez, Fernando Gonzalez-
Martin, Daniel Menucci, Varvara Mouchtouri, Isabelle Nuttall, Bruce
Plotkin, Rajesh Sreedharan, and Jun Xing.
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of the IHR, within their countries and internationally (8).
They are responsible for proactively notifying WHO of
relevant health events, responding to WHO secretariat
requests for event-related information, and ensuring that
messages and advice from WHO are disseminated to the
relevant actors within the country. Since 2007, NFPs have
been increasingly diligent in updating and confirming
their contact details to WHO on an annual basis as
required by the regulations. NFPs are officially sanctioned
to work with WHO on IHR implementation and provide
feedback to WHO on country needs and concerns for
this task. Staff members who work in NFPs are a major
audience for WHO training materials. The engagement of
NFPs in the scientific evaluation of the IHR notification
procedures has indicated that a high proportion of NFPs
had a good understanding of the notification procedures
and had accessed WHO training materials on this issue
and has indicated that agreement was high in terms of
events that must be notified when applying the procedures
(9). NFPs have access to the contact details of all other
NFPs through a password-protected website that enables
direct communication among countries at the NFP
level. For events that do not require WHO coordination
(such as routine tracing of contacts for an infectious
disease associated with international travel), such direct
communications have been useful.

Not all NFPs are able to function as expected. For
example, some contact details fail to work for urgent
communications, some NFPs indicate that procedures for
round-the-clock communications are not yet established,
and delays in responding to requests for event information
often occur. Studies have indicated that NFPs know how
to assess events under the IHR. Their participation in
event-related communications is increasing; however, their
role has been primarily providing official and accurate
information on events that first gain WHO attention
through informal sources such as media reports. Among the
reasons identified for such less-than-optimal performance
is that some NFPs lack authority or access to the necessary
authority, resulting in delays in obtaining clearance for
communications. Such lack of authority is also identified
as a barrier to the effective intersectoral collaboration
that is envisioned as critical to the NFP role within their
national situation. Although NFPs generally recognize the
value of engaging with government sectors outside the
health ministry, they lack the convening power needed to
establish solid and reliable linkages.

Pilot Testing of IHR-Implementation Course

A key WHO objective is to strengthen the human
resources available to countries to set up and manage
systems for securing global public health under the IHR
framework. In partnership with established educational

1042

institutions, the WHO secretariat has been pilot testing
an IHR-implementation course, which promotes a global
harmonized understanding and application of the IHR
framework.

The THR-implementation course is for public health
professionals, mainly those belonging to NFPs but
also those from other related sectors from national or
international organizations in public and private sectors.
The course is delivered over 5 months as on-the-job
training. The 210 total learning hours consist of 12 weeks
of distance learning with tutoring and a 6-week break used
to finalize assignments and prepare for the 2-week face-to-
face session.

The first 3 pilot IHR-implementation courses have been
operated by the WHO Department of Global Capacities,
Alert and Response in collaboration with the University
of Pretoria, South Africa; Georgetown University Law
Center, USA; the University of Geneva, Switzerland; and
Institut Bioforce Développement, France. Implementation
of the courses involved the contributions of several WHO
departments: Food Safety, Zoonoses and Foodborne
Diseases; Protection of the Human Environment; Health
Action in Crises; and Health Systems and Services. WHO
Regional Offices have been mobilized to identify and
sponsor participants.

The IHR-implementation courses have been delivered
in English to 89 participants from 57 countries in all
6 WHO regions. Post-training evaluation of the first 2
courses conducted in 2011 indicated that the course
content was relevant to participants’ work, improved their
understanding of IHR, and increased their confidence when
dealing with the topic. Competencies developed have been
put into practice, and material from the course has been re-
used at the national level. The opportunity to engage with
peers from other countries during and after the course was
considered especially valuable.

In light of the positive evaluation and continuing
need, organization of additional courses at the national
level is planned. A need to provide the course in languages
other than English requires new institutional partners and
additional resources. Some of the IHR-implementation
course contents are being developed into stand-alone
modules for potential integration into other established
training opportunities such as field epidemiology training
and Masters of Public Health programs.

Monitoring of Progress of IHR National
Core Capacities

One of the most substantial obligations introduced by
the THR is the commitment of states parties to develop,
strengthen, and maintain national capacities to identify,
investigate, assess, and respond to public health events in
their territories and to develop, strengthen, and maintain
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routine and emergency public health capacities at certain
designated points of entry. These obligations were
introduced in acknowledgment that effective national
systems are the essential underpinning to any global health
security and that such systems are the mechanisms needed
to prevent many public health events from reaching the
level of international significance. The IHR capacities
are described in functional terms in Annex 1, and a major
milestone toward implementation has been to reach a
consensus on the scope and technical components that can
be expected to contribute to the required functionality.

For surveillance and response, the capacities are
grouped under the following 8 main headings:

* National legislation, policy and financing
* Coordination and NFP communications

* Surveillance

* Response

* Preparedness

* Risk communication

* Human resources

* Laboratory

A range of potential health hazards can fall under
the IHR capacity requirements. These hazards have been
identified as infectious, zoonotic, food safety, chemical,
and radiologic/nuclear.

To help states parties assess their capacity, a monitoring
framework was developed. The framework represents a
consensus of technical expert views drawn globally from
WHO member states, technical institutions, partners, and
from within WHO. The framework incorporates current
knowledge and concepts that have been successfully
used to monitor capacity-development activities. It
builds on the experts’ knowledge of current capacities of
states parties, existing regional and country strategies for
capacity development, and other available resources and
tools, particularly other tools used for IHR core capacity
assessment by states parties. Using a checklist of 20
indicators, the IHR monitoring process assesses status of
implementation in 8 areas of core capacity, development of
capacities at points of entry, and development of capacities
for the IHR-relevant hazards.

An annual questionnaire is used to collect data on the
core capacities; country responses are stored in a secure
database at WHO, accessible only to IHR NFPs and
the secretariat through use of tools that ensure country
confidentiality. The questionnaire is made available in
several formats, including through the Internet. To ensure
that the full spectrum of relevant hazards is covered,
NFPs are advised to lead the process of completing

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 18, No. 7, July 2012
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the questionnaire, in close collaboration with officials
responsible for the various capacity areas and including
other sectors.

Outputs of the monitoring framework include
country profiles for all reporting countries and detailed
NFP reports on strengths, weakness, and gaps; profiles for
the 6 WHO regions; and aggregated global reports for the
World Health Assembly. This information has enabled
states parties to measure progress and identify where
improvements are needed, thereby providing evidence
for program planning, recommendations, and decision
making. At the global level, this monitoring information is
used by the secretariat to comply with the Health Assembly
request for an annual report on IHR implementation from
WHO, including information provided by states parties
and on the secretariat’s activities. Thus, WHO governing
bodies can take account of the progress when directing
secretariat activities. The analysis also enables better
identification of the priority areas toward which the
secretariat and other development partners can focus their
support to countries.

From a total of 194 states parties, the questionnaire
elicited 128 and 156 responses for 2010 and 2011,
respectively. Because not all states parties responded to the
questionnaire, the reports produced might not completely
reflect ITHR core capacity development strengths and
weaknesses at the regional and global levels. Evaluating
implementation status in nonresponding countries is
challenging, especially because some of these countries
face the greatest implementation difficulties. With the goal
of improving the validity and consistency of self-reported
data, several multicountry workshops and trainings have
been held and standardized data collection and analysis
tools have been promoted. Such challenges are also being
addressed by identifying several supplementary information
sources that might partially reflect national IHR capacities
and including such information in an additional report to
the 2012 Health Assembly.

The biggest challenge involved in implementing the
IHR is ensuring that the IHR core capacities are present in
all countries of the world. Ensuring IHR core capacities is
also the area in which the IHR have the greatest potential to
make a major contribution to world health; as the process
approaches a key 5-year milestone on June 15, 2012, all
efforts are being refocused on this issue.

Interagency Collaboration for Public
Health at Points of Entry

Although many IHR provisions address international
travel and transport and public health activities at points
of entry (ports, airports, and ground crossings), these have
not been areas in which WHO or many member states
had strong preexisting programs. Attention has therefore
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been focused on leveraging interagency and multisectoral
collaboration at all levels to achieve the public health
objectives. For example, the Cooperative Arrangement
for the Prevention of Spread of Communicable Disease
through Air Travel project (10) is an initiative of the WHO
sister agency the International Civil Aviation Organization,
through which countries can receive support for realizing
IHR objectives relating to air travel. Other collaborations
include the International Tourism Response Network (11),
regional networks such as the Risk Assessment Guidance
for Infectious Diseases Transmitted on Aircraft project
(initiated by the European Centre for Disease Prevention and
Control) (12), and the European Commission ship sanitation
training network project (13). To facilitate information
sharing and coordination among authorities responsible for
health measures and development of IHR core capacities
at points of entry, WHO supports a specialized network
for ports, airports, and ground crossings: the PAGnet (14).
During the 2011 nuclear accident in Japan, the 2010-11
cholera epidemic in Haiti, and the 2009 influenza A (HIN1)
pandemic, PAGnet offered a communication platform
to public health officials at points of entry around the
world, facilitating timely information sharing on response
measures that helped avoid overreaction and unnecessary
barriers to international travel and trade.

Although assessments have shown many IHR
capacities at certain points of entry in several countries,
countries differ widely in the levels of capacity, the
allocation of responsibilities, and the priority given to this
area of public health. This heterogeneity makes it more
difficult to provide guidance and advice that is relevant to
the national and local contexts of all ports, airports, and
ground crossings around the world. Private industry and
commercial organizations, which involve a variety of
governmental sectors in addition to health, are key actors
for the implementation of IHR provisions affecting travel
and transportation. WHO must use its convening power, its
neutrality, and its focus on public health objectives to help
the disparate actors reach consensus.

Pandemic Influenza and Convening of the
Emergency Committee

Around the world, many IHR provisions are used
daily. Thus far, however, the full range of provisions
relating to global emergencies have been applied to only
1 event: the 2009-2010 influenza pandemic. The ITHR
define a category of events with the term “public health
emergency of international concern.” The WHO director-
general follows defined procedures to determine which
events are so characterized. The key practical outcomes
of such a determination are the provision of relevant
information to all states parties, the convening of an IHR
Emergency Committee to advise the director-general
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regarding the event, and the issuance of IHR temporary
recommendations.

The first IHR Emergency Committee was convened on
April 25, 2009, to advise the WHO director-general about
the determination of the first public health emergency of
international concern under the IHR. That this first meeting
of the Emergency Committee took place by teleconference
within 48 hours of the decision to convene it demonstrated
that the procedures established by the IHR could work in
practice. The continued work of this committee, providing
advice to the director-general for more than a year,
demonstrates the commitment of its members to support
the governments of the world and WHO in their responses
to the emergency. During the influenza pandemic, the NFP
network developed much-needed momentum and provided
early information and situation updates as the virus was
identified around the world. The WHO secretariat was able
to provide updates, announcements, and advice to countries
through the event information site for NFPs with timing that
was coordinated with its provision of public information.

The duration of the public health emergency of
international concern posed several challenges for the
procedures established for IHR implementation. For
example, the decision to protect the impartiality of the
advice given by members of the [HR Emergency Committee
(by not publishing their names until after their work was
completed) was not helpful when their work went on for
more than a year and was under intense media speculation.
Also, the rules adopted for temporary recommendations
were designed to allow them for only a limited amount of
time, which was just barely compatible with the pandemic
experience. The IHR did not prevent several countries from
applying restrictive travel- and trade-associated measures
notrecommended by WHO, although several such measures
were discontinued or modified after communication
with the WHO secretariat. The IHR Review Committee
was concerned by the restrictive measures and provided
recommendations on how they can be more effectively
addressed (15).

Establishment of External IHR Review

The potential to learn lessons from the 2009-2010
pandemic influenza experience and the need to address
public concerns regarding the WHO response led to
the establishment of the first IHR Review Committee.
The remit of this committee was expanded (by the WHO
Executive Board from a periodic review of the functioning
of the IHR, as required under IHR Article 54) to include an
independent, external review of the international response
to pandemic influenza. Although the secretariat provided
administrative and logistic support, the committee, under
the chairmanship of Harvey Fineberg, enjoyed complete
autonomy in interpreting their mandate, defining their
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methods of work, and identifying their evidence. In doing
so, they followed the requirements of the IHR in ensuring
states parties the opportunity to observe and engage in
formal committee meetings. After more than a year, the
committee delivered its final report to the 64th Health
Assembly, at which the approach taken was commended and
the recommendations were endorsed by the member states.
Despite findings that WHO faced systemic difficulties and
some shortcomings in addressing the influenza pandemic,
the committee concluded that the actions taken were
motivated by public health concerns and found no evidence
of misconduct. The 15 recommendations in this report have
gone on to form a major component of the biennial work
plans of the relevant WHO departments.

The exhaustive work of the IHR Review Committee
made heavy demands on the time of its expert members
and on WHO resources. WHO should take advantage of
the exceptional opportunity to learn from this analysis of
the pandemic experience.

The THR allow review committees to give advice
broadly on the functioning of the regulations, and it can
be foreseen that in future years, committees will need to
be convened with markedly different tasks, for example,
advising on the granting of a second round of extensions
to the core capacity time frame. At such time, the working
methods of such a future review committee will need to be
reassessed to fit with its mandated task.

Conclusions

The IHR are a legal tool designed to contribute to the
achievement of public health goals, in which success is
seen and measured in improvements to public health rather
than adherence to any particular article of the document. At
the same time, given the large number of initiatives for and
influences on public health outcomes, it will always be hard
to tease out and identify the specific contributions of such
an instrument to global health. This article indicates some
of the direct effects that IHR implementation is having
on public health practice. Where states and WHO are
building on preexisting programs, the IHR have boosted
continuing commitment and momentum. An example at the
international level is the WHO program for management
of acute public health events; an example at the country
level is the program to strengthen capacity in public health
laboratories. In addition to boosting existing programs,
some new activities relating to IHR provisions have been
successfully established, such as the NFP network and the
Emergency Committee.

The lessons and experience of the past 5 years need
to be drawn upon to provide improved direction for the
future. The member state—driven negotiations provide
a legacy of ownership and commitment from countries,
which continues to be evident in the nature and number
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of interventions concerning IHR during meetings of WHO
governing bodies. As we approach the 5-year target date
of June 2012, the immediate challenge is for WHO and the
states parties to live up to the intention of the IHR national
core capacity requirements and to make the best use of the
opportunity for countries to continue their efforts beyond
that date as anticipated under the extension procedure
provided by the IHR.

Dr Hardiman is team leader within the WHO Department
of Global Capacities, Alert and Response, which focuses on the
legal and procedural aspects of IHR implementation. His research
interests are detection and response to disease outbreaks and
protection against the international spread of disease.
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Under the current International Health Regulations,
194 states parties are obligated to report potential public
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aware of an event. During July 2007-December 2011,
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the United States. Twelve US events involved human
influenza caused by a new virus subtype, including the first
report of influenza A(H1N1)pdmO09 virus, which constitutes
the only public health emergency of international concern
determined by the WHO director-general to date. Additional
US events involved 5 Salmonella spp. outbreaks, botulism,
Escherichia coli O157:H7 infections, Guillain-Barré syn-
drome, contaminated heparin, Lassa fever, an oil spill, and
typhoid fever. Rapid information exchange among WHO
and member states facilitated by the International Health
Regulations leads to better situation awareness of emerging
threats and enables a more coordinated and transparent
global response.

1047



PERSPECTIVE

lobal air travel makes it possible for most countries

to be reached from a country furthest away within
a day, and some countries are connected by direct flights
to >70 other countries. Just as persons and goods travel
rapidly around the world, so too can pathogens. The
outbreak of severe acute respiratory syndrome (SARS) in
2003 continues to symbolize the real possibility of rapid
international disease spread of an emerging pathogen (1).
It also raised awareness that global disease threats can go
undetected and unreported to the point that control efforts
are extremely difficult because major spread has often
already occurred.

The experience with SARS led to the call for more
transparent and rapid sharing of information on health
risks and public health measures between countries and
the World Health Organization (WHO) (2). In 2005, the
World Health Assembly adopted revised International
Health Regulations (IHR) with the declared purpose to
“prevent, protect against, control and provide a public
health response to the international spread of disease in
ways that are commensurate with and restricted to public
health risks, and which avoid unnecessary interference
with traffic and trade” (3). The IHR legally bind 194 WHO
states parties, including all WHO member states. One
of the key principles inspiring the IHR is open, fast, and
secure information exchange about disease emergence and
response activities. The IHR provide a platform for dialog
in form of national focal points (NFPs), which are always-
available points of contacts in each IHR state party for all
IHR-related information exchange with WHO and other
NFPs, and through provision of a secure web portal, the
IHR Event Information Site (EIS), which is accessible by
all NFPs.

The ITHR went into effect in the United States on July
18,2007, with the explicit reservation that the United States
assumes its obligations “in a manner consistent with its
fundamental principles of federalism,” an acknowledgment
that responsibilities in the United States under these
Regulations are shared between the Federal Government
and the States. In addition, the United States specifically
understands that all countries have an obligation to notify to
WHO potential public health emergencies of international
concern (PHEICs) “irrespective of origin or source,
whether they involve the natural, accidental or deliberate
release of biological, chemical or radionuclear materials”
(4). In this report, we focus primarily on application of
IHR assessment and reporting requirements within the
United States for rapid sharing of information on potential
PHEICs.

Assessment and Reporting per IHR Obligation

A critical feature of reporting under the current IHR
compared with international reporting requirements
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detailed in the previous version of the IHR in 1969 is
that states parties not only report events on the basis of a
prescribed list of diseases, but also on the basis of a list
of assessment criteria for any event with the potential
for international spread, even if the source or cause of
the event is unknown. Annex 2 of the IHR provides the
decision instrument for assessing and notifying WHO of
a potential PHEIC (3). A PHEIC is defined by Article 1
of the regulations as an extraordinary event that may
“constitute a public health risk to other States through
international spread of disease” and “potentially require a
coordinated international response” (Article 1, Definitions,
IHR). In addition to any disease with a risk for international
spread, certain listed diseases must always be assessed, and
4 diseases (human influenza caused by a new virus subtype,
wild-type poliomyelitis, smallpox, and SARS) must always
be immediately reported to WHO.

The 4 criteria that guide the assessment are the
following: 1) is the public health effect of the event
serious?; 2) is the event unusual or unexpected?; 3) is
there a major risk for international spread?; and 4) is there
a major risk for travel or trade restrictions? If 2 of the 4
criteria are met, the event must be reported to WHO (3).
The THR document further provides examples to guide
states parties in application of these criteria, and WHO
has developed a guidance document for the application
of the decision instrument (5). Once an event is reported
to WHO, information is assessed by WHO and the states
parties concerned, and further actions to be taken by WHO
are determined. These actions include sharing information
about the event with the global community by the secure
EIS portal, providing technical assistance, and escalating
the assessment to the level of the WHO director-general for
considering if the event is determined to be a PHEIC.

Rapid information exchange in the context of the IHR
is defined as a 48-hour period for states parties to assess an
emerging event, and an additional 24 hours to report the
event to WHO, if the assessment indicates that the event
may constitute a PHEIC. The 48-hour assessment period
begins once the national level of government becomes
aware of the event. Just as the report of a potential PHEIC
to WHO is meant to be the beginning of a constructive
dialogue between states parties and WHO, states parties
are obligated to respond to any inquiries from WHO about
disease events within their borders within 24 hours, even
if those events have otherwise not been reported to WHO.
For example, in 2008, the WHO THR Contact Point for the
Americas, hosted by the Pan American Health Organization,
requested an assessment of a measles outbreak in the United
States as a potential threat to the global measles elimination
initiative. Although information regarding this outbreak had
already been released (6) at the time of the request, the Pan
American Health Organization used IHR communication
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channels to receive a formal assessment to better gauge
the US response capability and alert other countries with
more in-depth information about a potential threat to their
measles elimination activities. The United States provided
an assessment that indicated that the outbreak did not meet
the criteria required for formal notification as a potential
PHEIC.

In another situation, the IHR framework enabled the
US public health community to better understand the risk
to travelers exposed to a rabid animal in a game resort
in Kenya in 2011 (7). Because the US government first
became aware of this event through returning travelers, and
was concerned about travelers from other countries who
also may have been exposed, we used the IHR reporting
structure to successfully engage WHO to assist with global
contact-tracing activities. Because decision criteria for
potential PHEICs have been accepted by all IHR states
parties, these criteria provided an a priori accepted basis for
our rapid and transparent joint assessment with the Kenyan
Ministry of Health. Although no formal notification of
a potential PHEIC was made to WHO, use of the IHR
framework enabled all parties involved to better understand
and respond to the exposure risk.

Assessment of US Public Health
Events as Potential PHEICs

During July 2007-December 2011, WHO posted
222 events from 105 member states assessed by WHO on
the IHR EIS, including 24 events from the United States
(Figure). Half of the events from the United States involved
human influenza caused by a new virus subtype (12
events), followed by Salmonella spp. outbreaks (5 events)
(8-12) and 1 event each for botulism (13), contaminated
heparin (14), Escherichia coli O157:H7 (15), an oil spill
(16), Lassa fever (17), Guillain-Barré syndrome (18), and
typhoid fever (19) (Table).

Such events may involve no human illness, but must
demonstrate the potential risk for human disease. For
example, one of the considerations for reporting the oil
spill along the US Gulf Coast in 2010 was the potential
for a change in ocean currents that may have led to the
international dispersion of oil with potential harm to human
activities, e.g., coastal fishing. Events may involve only
1 case of disease, e.g., several reports by the Centers for
Disease Control and Prevention (CDC) of influenza caused
by a new virus subtype involved 1 case; some reports
included >2 unrelated cases; and other reports included
small clusters of influenza cases. Some events may be
assessed when only a few cases are identified, e.g., the
outbreak of typhoid fever was assessed when 9 cases from
2 states were confirmed. For other events, hundreds of cases
were identified by the time of the assessment. For example,
the outbreak of Salmonella Typhimurium infection was
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Figure. Twenty-four public health events in the United States
assessed by the World Health Organization and posted on the
International Health Regulations information site, July 2007-
December 2011. There was 1 event of botulism and 1 event of
Salmonella sp. infection in 2007; 1 event related to heparin and 1
event of Salmonella sp. infection in 2008; 5 events of influenza, 1
event of Escherichia coli infection, and 1 event of Salmonella sp.
infection in 2009; 3 events of influenza, 1 event of Lassa fever, 1
event related to an oil spill, 1 event of Salmonella sp. infection, and
1 event of typhoid fever in 2010; and 4 events of influenza, 1 event
of Guillain-Barré syndrome, and 1 event of Salmonella sp. infection

in 2011.

2011

assessed at a time when >500 patients from 43 states had
been identified.

Three events serve as examples for assessment and
reporting practices in the United States for potential
PHEICs and may assist others in their interpretation of the
IHR assessment criteria in the decision instrument. In the
first example, the first 2 cases of what later became known
as influenza A(HIN1)pdm 09 infection were identified at
CDC on April 17, 2009, and reported to WHO by the US
Department of Health and Human Services as a potential
PHEIC the same day (20). WHO determined that the event
met all 4 assessment criteria because it involved a new
subtype of influenza virus, which was likely to be highly
transmissible; the first 2 cases clustered in time without
an apparent epidemiologic link; 1 of the case-patients had
traveled to Mexico within the incubation period; and major
media attention was potentially impairing international
travel or trade. On April 25, 2009, the WHO director-
general determined that the event constituted a PHEIC on
the basis of additional information from the United States
and Mexico (21), and declared a pandemic 7 weeks later
(22). No other public health event, including other novel
influenza strains reported by the United States or any other
country, has so far been determined to be a PHEIC.

The second example involves the second most
frequently reported pathogen by the United States under the
IHR, i.e., different strains of Salmonella spp., in this case,
Salmonella enterica serotype Enteritidis infection (9). On
October 27,2011, CDC reported an outbreak of S. enterica
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serotype Enteritidis associated with pine nuts from Turkey
as a potential PHEIC to WHO. At the time of reporting to
WHO, 42 cases of S. enterica serotype Enteritidis infection
with an identical genetic fingerprint and onset dates during

August 20—-October 8 had been reported to CDC from 6
states. Nineteen (63%) of 30 patients interviewed had
consumed these pine nuts, and ill persons had purchased the
pine nuts from bulk bins of the same grocery store chain.

Table. Noninfluenza public health events in the United States, July 2007-December 2011, assessed by WHO as potential public
health emergencies of international concern and posted on the IHR secure web portal*

Assessment determination

Event by year of assessment by WHO per IHR criteriat

Description of event at time of assessment

(reference) 1 2 3 4
2007
Botulism (13) X X X X
Salmonella enterica serovar X X X

Wandsworth infection (10)

Four cases associated with a canned food product were identified
in 2 states for the first time in 40 y in the United States. The
company exported food items to >8 countries.
Fifty-seven cases were identified in 18 states in the United States.
Salmonella spp. can cause serious iliness in specific risk groups.
Implicated products were sold in the United States and Canada.
Other national health authorities are requesting additional
information about the outbreak.

2008
Heparin (14) X X X
S. enterica serovar Saintpaul X X X X

infection (11)

Contaminated heparin products identified in >2 countries were
associated with life-threatening clinical events. The United States
Food and Drug Administration enacted an Import Alert for the
products.

Several hundred cases with the same genetic fingerprint have
been identified in 40 states, the District of Columbia, and Canada;
illness onset was during April-July 2008. This organism was a
previously rare cause of salmonellosis in the United States. The
implicated food items (raw hot peppers) grown in Mexico were
recalled.

2009
Escherichia coli 0157:H7 X X X
infection (15)

S. enterica serovar Typhimurium X X X X
infection (12)

A multistate outbreak in 70 persons (25 were hospitalized, 7
showed development of hemolytic uremic syndrome) was
associated with eating raw, refrigerated, prepackaged cookie
dough that was exported to numerous other countries.
Several hundred cases have been reported in 43 states with an
onset during September—December 2008. The outbreak was
associated with peanut-containing products, an unusual vehicle
for this organism. At least 30 countries may have received the
products, and a food recall was implemented.

2010
Lassa fever (17) X X
Oil spill (16) X X
S. enterica serovar Montevideo X X

infection (8)

Four days after travel on 3 connecting flights involving 3
continents, a patient was hospitalized for sore throat, diarrhea,
thrombocytopenia, and given a diagnosis 5 d later. No high-risk

contact was identified, but awareness of travel-associated cases
is essential.

An accident at an oil drilling rig off the US coast resulted in an
ongoing leak from the well. Modeling suggested that high winds
might distribute oil over a wider area, which may potentially affect
coastal fisheries and other human activity in other countries.
Several hundred cases were identified in 42 states with an onset
during July 2009-January 2010. The implicated food item (salami)
was exported to 8 countries and was recalled.

Nine confirmed cases were reported to CDC from 2 states; 7
persons were hospitalized. Consumption of frozen mamey fruit
pulp was epidemiologically linked to the outbreak. The pulp was
manufactured in Guatemala and shipped throughout the United
States and possibly other countries.

Typhoid fever (19) X X X
2011
Guillain-Barré syndrome (18) X X X
S. enterica serovar Enteritidis X X X

infection (9)

Twenty-three suspected cases were clustered in time and place
along the United States—Mexico border, possibly associated with
Campylobacter jejuni.

Forty-two cases were reported in 6 states linked to consumption
of pine nuts imported from Turkey. The product was recalled.

*WHO, World Health Organization; IHR, International Health Regulations; X, yes; CDC, Centers for Disease Control and Prevention.
11, Is the public health effect of the event serious?; 2, Is the event unusual or unexpected?; 3, Is there a major risk for international spread?; 4, Is there a

major risk for international travel or trade restrictions?
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During the assessment by senior public health scientists, it
was determined that the event was unusual in that pine nuts
had not been associated with Salmonella spp. outbreaks
and thus constituted an unusual vehicle of transmission.

In addition, it was determined that a major risk for
international spread and potential for trade restrictions were
present because the pine nuts were imported from Turkey
and similarly exported to Canada. However, the event did
not meet the criterion for a serious effect on public health.
Given that Salmonella spp. are estimated to contribute to
11% of all domestically acquired foodborne illness and >1
million estimated illnesses each year (23), this outbreak
was not particularly large compared with other Salmonella
spp. outbreaks. Because 3 of the 4 assessment criteria from
the IHR decision instrument were met, WHO was formally
notified of the event. A PHEIC was not determined by
WHO, but the event was posted as a WHO-assessed public
health risk on the IHR EIS. In the United States, the product
was recalled from the grocery store chain, and no new cases
were identified 44 days after the beginning of the outbreak.

The third example is a joint report by the United States
and Mexico for a binational cluster of cases of acute flaccid
paralysis (18). At the time of reporting, 23 suspected cases
of Guillain-Barré syndrome were identified in a localized
area along the United States—Mexico border. Several
of the case-patients had evidence of infection with the
enteric bacterium Campylobacter jejuni, which has been
associated with Guillain-Barré syndrome. The event was
determined to have a potentially serious effect on public
health because several hospitalizations had been reported.
The event was also determined to be unusual or unexpected
because the local incidence of acute flaccid paralysis had
doubled, compared to the expected rate for the same time
frame and location. The joint assessment stated that the
event posed a major risk for international spread because
cases had been reported in the border area in Mexico and
in the United States. However, because of localized spread,
albeit between 2 countries, the event was not deemed to
potentially lead to travel or trade restrictions. At the time
the event was reported, because it met 3 of the 4 IHR
assessment criteria, the definitive diagnosis, Guillain-Barré
syndrome, or the underlying cause for the outbreak (later
believed to have been caused by diarrheal illness likely
linked to contaminated water systems), were not yet known.
This report was not determined to be a PHEIC by WHO,
but was posted as a WHO-assessed public health risk on
the IHR EIS, as were regular updates on the progress of the
outbreak investigation.

The ability of the United States to assess a public
health event under the assessment criteria of the IHR
decision instrument depends on the following: 1) the
federal government becomes aware of an event; 2) federal,
state, and local subject matter experts investigating the
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event are familiar with IHR reporting obligations; 3) and
functional surveillance systems are in operation. The
ability to determine to report an event requires minimum
epidemiologic assessment capacities, including a certain
level of expert judgment, and close collaboration with
involved parties (e.g., local and state health departments,
other federal agencies, or foreign governments). In the
United States, we reported >10% of all events posted on the
IHR EIS as events assessed by WHO by using the criteria
for public health risk for international concern since the
IHR went into effect.

Overall, events posted on the IHR EIS represent
events that occurred in ~60% of states parties. Taking into
account that the implementation of the IHR is a collective
learning process, this might reflect the need to define the
purpose of the IHR EIS and be explicit about the threshold
for assessment and posting. For example, not all notified
events from the United States were posted as WHO-
assessed events on the IHR portal, but some were used for
public health action by WHO; for example, notifications to
WHO of international air travelers with extensively drug-
resistant tuberculosis resulted in contact-tracing activities
in several countries. In other situations, states parties
might be less prone to initiate and sustain a dialog with
WHO through the IHR communication channels because
of their limited capacity to detect unusual health events or
restrictive information sharing policies. An example of this
reluctance includes incomplete reporting of new cases of
poliomyelitis.

This information signals the need for additional
resources to implement the IHR globally. WHO is
collaborating closely with its member states to meet IHR
requirements for core capacities for surveillance, including
the capacity to detect events of potential international public
health concern and rapidly assess and report these events
to WHO. Although the decision instrument allows for user
judgment and experience with resultant lack in specificity
(24), it can serve as an aid toward the goal of rapid and
transparent reporting by states parties. By June 2012,
states parties were expected to meet the minimum core
capacities for surveillance and response, and development
of designated air ports, sea ports, and ground crossings,
unless they request a 2-year extension from WHO.

Contribution of IHR to Global
Information Exchange

Although states parties are documenting their progress
toward implementation of the IHR requirements, the IHR
has already fostered transparency and speed of sharing
information on emerging health threats globally. Provision
of secure web portals for public health events and
designation of NFPs enable access to PHEIC assessments
of other countries and enhance direct exchange of public
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health information between countries. For example, in
2011 in the United States, we were notified directly at least
once a month by NFPs in other countries about an outbreak
or possible exposure to an infectious disease that might
merit public health follow-up by US public health officials,
e.g., contacting a traveler about possible exposure to an
infectious disease.

The IHR serve as a reminder of our obligation to the
global community, which may get lost in an outbreak
investigation and staging of domestic control efforts, and
provide a framework for WHO to coordinate a globally
harmonized response. This obligation was put to test during
the influenza A(HIN1)pdmO9 virus outbreak, just 2 years
after the IHR went into effect. Although the weaknesses of
some countries in detecting and reporting novel influenza
strains came to light, the level of coordination through
regular regional consultations by the WHO director-
general and secure and rapid information exchange on the
IHR web portal on new cases and response strategies (25)
were unprecedented and a welcome improvement to the
less coordinated response during the SARS outbreak in
2003. In the first 6 months of the influenza A(HIN1)pdm09
outbreak alone, 517 event updates were posted on the IHR
web portal. Continuing to strengthen the capacity of WHO
member states to detect, analyze, and report emerging
health threats remains a priority for WHO.

Many countries do not rely solely on rapid information
exchange within the IHR framework or on traditional
surveillance systems to learn about emerging health threats
in their own or other countries. For example, nontraditional
surveillance based on the widespread availability of the
Internet and advances in informational technology over the
past 15 years that have provided access to media reports
can be used as a rich and useful source for early warning
of disease threats, even in situations in which the disease or
the etiologic agent are unknown. Event-based surveillance
has become a critical part of the global biosurveillance
programs of WHO (26), the US government, and other
countries. The ITHR provide a common framework for
disease detection and information sharing, including
confirmation of media-based reports, but also for in-depth
consultation and coordinated response for global threats.

Conclusions

Reporting of potential PHEICs under the IHR
framework is not complete when simply counting the
number of states parties (n = 105) who reported events
that were posted on the IHR web portal in the past 5 years.
However, having the IHR framework for notification in
place enables improved global connectivity through better
situational awareness and built-in global consultation
provisions for response. Over time, the global public
health community will come to a shared understanding
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of what merits IHR reporting to WHO, and will build the
IHR assessment into their routine detection and response
activities. Such a standardized approach in a secure
information exchange environment will provide some
assurance that not only will persons, goods, and pathogens
travel rapidly around the world, but so will information
regarding risks to global public health.

Dr Kohl is deputy director of the Division of Global Migration
and Quarantine, Centers for Disease Control and Prevention,
Atlanta, GA. Her research interests are implementation of the
international health regulations and improving health of globally
mobile populations.
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PERSPECTIVE

International Health Regulations—
What Gets Measured Gets Done

Kashef ljaz, Eric Kasowski, Ray R. Arthur, Frederick J. Angulo, and Scott F. Dowell

The global spread of severe acute respiratory
syndrome highlighted the need to detect and control
disease outbreaks at their source, as envisioned by the
2005 revised International Health Regulations (IHR). June
2012 marked the initial deadline by which all 194 World
Health Organization (WHO) member states agreed to have
IHR core capacities fully implemented for limiting the spread
of public health emergencies of international concern.
Many countries fell short of these implementation goals
and requested a 2-year extension. The degree to which
achieving IHR compliance will result in global health security
is not clear, but what is clear is that progress against the
threat of epidemic disease requires a focused approach that
can be monitored and measured efficiently. We developed
concrete goals and metrics for 4 of the 8 core capacities
with other US government partners in consultation with
WHO and national collaborators worldwide. The intent is
to offer an example of an approach to implementing and
monitoring IHR for consideration or adaptation by countries
that complements other frameworks and goals of IHR.
Without concrete metrics, IHR may waste its considerable
promise as an instrument for global health security against
public health emergencies.

The global spread of severe acute respiratory
syndrome highlighted the need to detect and control
disease outbreaks at their source (1,2). The 2005 revised
International Health Regulations (IHR) were established
as a legally binding agreement providing a framework
for improving detection, reporting, and response to public
health emergencies of international concern (public health
emergencies) (3). The global implementation of IHR began

Author affiliations: World Health Organization Collaborating Center
for International Health Regulations Implementation of National
Surveillance and Response Capacity, Atlanta, Georgia, USA; and
Centers for Disease Control and Prevention, Atlanta
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on June 15,2007, and in an unusual episode of international
consensus, all 194 WHO member states ratified the
agreement. When implemented, IHR should improve
global capacity to detect, assess, notify, and respond to
public health threats. Properly and fully implemented,
IHR should usher in a new global era of international
communication, cooperation, and unprecedented security
against the epidemic threats that have plagued humanity
since ancient times. But there is a problem.

After enactment of the revised IHR in June 2007, all
member countries were required to develop and implement
a minimum of core public health capacities by June 2012,
the S-year anniversary of IHR’s enforcement. Many
countries did not meet the deadline and have requested a
2-year extension. In an era of limited resources, competing
priorities, and political challenges, achievement of the IHR
implementation goals, even with an extension, will be a
challenge. Focusing efforts toward IHR implementation
and capacity building and enabling all countries to measure
progress toward IHR implementation is, therefore, essential.
Toward this end, concrete goals and metrics for 4 of the 8
core capacities were developed by the WHO Collaborating
Center for IHR Implementation of National Surveillance
and Response Capacity at the Centers for Disease Control
and Prevention with other US government partners
in consultation with WHO and national collaborators
worldwide (Table 1). This approach is in alignment with
WHO’s IHR framework and facilitates measurement of
implementation activities. The framework focuses on 4
of the core capacities (human resources, surveillance,
laboratory, and response) and builds on WHO’s THR
Monitoring Framework by defining simple standards for
these capacities (4). The focus on these 4 capacities should
not imply that they are more important than other capacities
(legislation, policy, and financing; coordination; advocacy
and national focal point communications; preparedness;
and risk communication) because implementation of IHR
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International Health Regulations

Table 1. Goals, targets, and intended use for 4 core capacities for focusing International Health Regulations implementation

Capacity Goal

Target/measure

Intended use

Human resources Ensure adequate numbers of
trained personnel are available
to support the response to a

public health emergency

A national workforce plan and 1
trained field epidemiologist for
every 200,000 persons

Document that a workforce plan exists
and is maintained and updated, and
monitor annual progress toward the goal
of 1 trained field epidemiologist for every
200,000 persons.

Surveillance Ensure that surveillance Surveillance infrastructure that ~ Monitor and evaluate the effectiveness of
systems capable of detecting demonstrates the ability to detect the surveillance system, and identify
selected potential public health >3 of 5 syndromes indicative of a areas for improvement within the country’s
emergencies in any part of the potential public health emergency public health surveillance infrastructure.
country are established and of international concern
functioning
Laboratory Ensure access to laboratory Ability to perform 10 core Assess/measure capacity for detection will
diagnostic capabilities that can  diagnostic tests for confirmation by using external/internal quality
identify a range of emerging of indicator pathogens from any assurance for each of the 10 core tests
epidemic pathogens by using part of the country and indicator pathogens using standard
the full spectrum of basic methods.
laboratory testing methods
Response Ensure countries have At least 1 functioning rapid Maintain an adequate number of rapid

adequate rapid response
capacity for public health
emergencies

response team per major
administrative unit

response teams with the necessary
training, appropriate personnel, and
regular outbreak responses.

requires implementation of all 8 capacities. The intent
is to assist partner countries in better focusing efforts, to
improving efficiency at IHR implementation, and to better
monitoring and evaluating progress. Focusing on the subset
of IHR core capacities also will provide a foundation for
an all-hazards approach for addressing public health
emergencies regardless of cause. We describe the rationale,
targets, and definitions for these 4 goals and means by which
countries can use the data collected through monitoring
and evaluation indicators for measuring progress related to
these 4 core capacities.

Human Resources

A well-trained cadre of public health professionals at
the national health authorities at a country’s central and
local levels is needed for timely detection and response to
public health emergencies. There is a worldwide shortage
of public health professionals who are trained in public
health practice and have had competency-based public
health field experience. Building the cadre of field-trained
epidemiologists available to monitor disease trends, inform
decision makers about potential disease threats, and guide
response during a public health emergency should be one
of the first priorities in implementing the IHR.

The aim of the human resource goal is to ensure
adequate numbers of trained personnel for response to
a public health emergency. Specific targets to measure
progress toward completion of this goal are a fully adopted
national workforce plan and >1 trained field epidemiologist
per 200,000 population who are active in the public health
sector (5). Although the workforce plan cannot ensure
that trained professionals remain in the public health
sector, it will at least indicate a government’s commitment
to public health through stability of the public health
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workforce. These concrete indicators enable measurement
of incremental progress and are specific enough to enable
tracking of success and clear documentation of failure.

Surveillance

Disease surveillance is a cornerstone of public health
practice. It provides for systematic and ongoing collection of
data that help identify and detect disease-related aberrations
that might constitute public health emergencies. Additionally,
surveillance for key disease syndromes provides the
foundation for interpreting signals of possible emergencies
and early notification of outbreaks of potentially devastating
diseases (6). The following 5 syndromes have internationally
recognized standards for syndromic surveillance: severe
acute respiratory syndrome, acute neurologic syndrome,
acute hemorrhagic fever, acute watery diarrhea with
dehydration, and jaundice with fever (7,8).

The metrics focus on the ability to detect public health
emergencies with a target of documenting that >3 of these
syndromes have surveillance systems in place that meet the
respective international standards. These metrics will assist
countries in ensuring that efforts at disease surveillance
are effective and that systemic incentives are appropriately
aligned to provide early warning for a potential public
health emergency. The 3 syndromes chosen will depend
on national disease control priorities. These surveillance
systems should include early warning surveillance data and
laboratory findings, which should be analyzed by trained
epidemiologists.

Information for syndromic surveillance collected at
the clinic or hospital level can help generate village- and
district-level alerts. An alert investigation unit can then
investigate these alerts, including an in-depth epidemiologic
analysis. On the basis of the outcome of the analysis, rapid
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response teams can be deployed to respond to a public
health event or outbreak.

Laboratory

Laboratory diagnostic capacity can help in detecting
emerging or reemerging pathogens in a timely manner
and can support syndromic surveillance systems by
adding specificity. Given the costs associated with
establishing laboratory diagnostic capacity, diagnostic
capability might not be feasible for all pathogens for
every country. Therefore, pooling international laboratory
resources through networks of local, national, regional,
and international reference laboratories is encouraged.
However, countries should be able to provide certain
core diagnostic tests (either through their own or through
network capacity) quickly and reliably to direct disease
surveillance and response activities.

The metrics focus on the ability to perform 10
international reference standard tests for patients from
any part of the country. The core tests and their respective
indicator pathogens are selected from the IHR immediately
notifiable list, the WHO Top Ten Causes of Death in low-
income countries (www.who.int/mediacentre/factsheets/
fs310/en/index.html), and tests and indicator pathogens
selected by the country on the basis of major national
public health concern (Table 2).

However, achievement of laboratory diagnostic
capacity requires all major components of the laboratory
network to be well integrated in the national laboratory
system. Components of such a system include sample
collection, specimen transport, specimen processing,
quality management systems, biosafety and biosecurity
(specimen storage), staff, infrastructure, cold chains,
reporting, and networking peripheral and central or regional
reference laboratories. Data on the capacity and ability of
the country to perform and report the 10 core tests can be
used to monitor the ability of a country’s own laboratories
or the reference laboratories to which it sends specimens
to confirm and characterize these indicator pathogens and
identify areas for improvement.

Response

To implement IHR 2005, countries must have adequate
rapid response capacity. During a public health emergency,
timely response to public health events and threats is
essential to prevent excess illness and death and control
further transmission, including transborder spread. The
presence of well-trained and functioning rapid response
teams at local and national levels in a country can ensure
a rapid, well-coordinated, and organized public health
response.

These rapid response units should comprise
a multidisciplinary team of trained public health
professionals—medical epidemiologists, veterinarians,
laboratory scientists, clinicians, chemical experts, and
radiologic experts—as appropriate for the event who
routinely deploy within 24 hours after a reported event.
Rapid response units enhance a country’s ability to respond
to outbreaks in a timely and effective manner.

These teams should undergo regular exercises for
responding to public health emergency events, including
>2 field outbreak investigations per year. They also should
be trained in the 10 basic steps for outbreak investigations
(10).

To meet the goal of adequate response capacity for
public health emergencies, we propose a target of >1
functioning rapid response team per major administrative
unit (district, province, or state). Larger administrative
areas might need >1 team. Data and after-action reports
from outbreak responses collected annually will enable
the countries to monitor their progress, identify gaps, and
improve performance.

Conclusions

Implementation of IHR, required of all WHO member
states, was not completed by the June 2012 deadline. The
aim is for all countries to develop or enhance the ability
to detect and respond to public health emergencies.
Additionally, possible public health emergencies of
international concern also need to be reported to prevent the
spread of disease around the globe. Countries need concrete

Table 2. Core laboratory tests and indicator pathogens in the International Health Regulations

Core test Indicator pathogen Turnaround time from receipt in the laboratory
PCR Influenza virus* Within 24 h
Virus culture Poliovirus* Within 14 d
Serology HIVT Within 5 d
Microscopy Mycobacterium tuberculosist Within 3 d
Rapid diagnostic test Plasmodium spp.t Within 2 h
Bacterial culture Salmonella enteritidis serotype Typhit Within 3 d

Local priority test
Local priority test

Local priority test§
Local priority test§
Local priority test Local priority test§
Local priority test Local priority test§

Local priority test
Local priority test
Local priority test
Local priority test

*Selected from the International Health Regulations immediately notifiable list.

TSelected from WHO Top Ten Causes of Death in low-income countries (www.who.int/mediacentre/factsheets/fs310/en/index.html).
FSelected from WHO Global Foodborne Infections Network (www.who.int/gfn/en).
§Indicator pathogens selected by the country on the basis of major national public health concern.
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and well-defined goals and indicators to monitor their
progress toward implementation of IHR core capacities.
Even though we described metrics for 4 of the 8 IHR
core capacities, we emphasize that full IHR compliance
requires implementation of all 8 capacities. Goals and
progress indicators also might be useful for the other 4
capacities. Without explicit goals and targets, the promise
of international consensus around THR might be wasted,
but with them there is hope that what gets measured will
eventually get done.
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Lessons Learned from
Influenza A(HLN1)pdmOQO9 Pandemic
Response in Thailand

Kumnuan Ungchusak, Pathom Sawanpanyalert, Wanna Hanchoworakul, Narumol Sawanpanyalert,
Susan A. Maloney, Richard Clive Brown, Maureen Elizabeth Birmingham, and Supamit Chusuttiwat

In 2009, Thailand experienced rapid spread of the
pandemic influenza A(H1N1)pdmO9 virus. The national
response came under intense public scrutiny as the number
of confirmed cases and associated deaths increased.
Thus, during July—December 2009, the Ministry of Public
Health and the World Health Organization jointly reviewed
the response efforts. The review found that the actions
taken were largely appropriate and proportionate to need.
However, areas needing improvement were surveillance,
laboratory capacity, hospital infection control and surge
capacity, coordination and monitoring of guidelines for
clinical management and nonpharmaceutical interventions,
risk communications, and addressing vulnerabilities of non-
Thai displaced and migrant populations. The experience in
Thailand may be applicable to other countries and settings,
and the lessons learned may help strengthen responses
to other pandemics or comparable prolonged public health
emergencies.

Cases of influenza A(HIN1)pdm09 virus were first
reported to the World Health Organization (WHO)
by the US Centers for Disease Control and Prevention
(CDC) on April 24, 2009 (1). On April 27, the director
general of WHO raised the level of the influenza pandemic
phase from 3 to 4, and 2 days later, the level was raised
to 5 (2). In Thailand, because of experience gained during
the response to an outbreak of avian influenza A (HSN1)
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(3,4), the Ministry of Public Health (MOPH) immediately
assumed a central role in coordinating national response
efforts to a possible influenza A(HIN1)pdmO9 outbreak in
that country.

On May 12, 2009, 2 imported cases of A(HINI)
pdm09 virus infection were detected in Thailand, and by
the end of the month, 12 more cases were reported by the
MOPH. In early June, indigenous outbreaks associated
with entertainment centers (5), schools (6), and military
barracks (7) were reported. By July, A(HIN1)pdm09 virus
transmission was detected in all 76 Thai provinces, and 65
deaths were confirmed to be associated with the infection.

National surveillance data indicated that 2 pandemic
waves occurred during the initial 12-month outbreak
period. The first wave began in May 2009, peaked in
July, and subsided in December; the second wave began
in January 2010, peaked in early February, and subsided
in April. A third pandemic wave occurred during the
latter part of 2010. During 2009-2010, a total of 234,050
influenza cases were reported in Thailand. Of these, 47,433
were laboratory-confirmed to be A(HINI1)pdmO09 virus
infections; 347 deaths were associated with the confirmed
cases (Figure 1).

WHO recommends that countries review their
pandemic response and mitigation efforts immediately
after a pandemic peak or pandemic phase. In mid-July
2009, the MOPH proposed that the Thai national response
be reviewed. This proposal was partially in response to
publicly voiced criticism that the pandemic response
had not been appropriately handled. To demonstrate
transparency and to garner insight from countries that could
share valuable insight from their pandemic experience (e.g.,
Australia and Hong Kong, People’s Republic of China),
the Thai MOPH review team was joined by WHO staff
and external technical specialists. Seven focus areas were
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identified for review: 1) surveillance and epidemiology;
2) laboratory services; 3) public health interventions and
control measures (including hospital infection control);
4) clinical management; 5) logistics, commodities, and
operations; 6) public communications; and 7) measures
to assist vulnerable non-Thai populations. The reviews
were conducted during August 18-December 6, 2009. In
total, 47 team members participated and contributed 271
person-days. Detailed reports and a 28-page summary of
the strengths and challenges of the Thai pandemic response
were submitted to the minister of health.

The formal review findings (lessons learned) as well as
those from a review of the local experience in Thailand are
being used to inform current and future pandemic plans in
Thailand. They are also likely applicable to other countries
and settings and could be used to strengthen responses to
future pandemics or to comparable severe, prolonged public
health emergencies. In this article, we outline some of the
lessons learned during the first 12 months of the national
response to the A(HIN1)pdm09 pandemic in Thailand.

Lessons Learned in Thailand

Layered Surveillance Is Critical to an Effective
Pandemic Response

During the SARS outbreak, the screening of inbound
passengers for fever at national/international ports of
entry was a common practice by most countries. Thus,
politicians and the public believed that the strategy should
be included as part of any global epidemic response effort.
During the A(HIN1)pdm09 pandemic, this belief created
an environment in which it became difficult for the Thai
MOPH to target screening activities toward identifying and
testing only symptomatic persons arriving from affected
countries. At the same time, the MOPH recognized that
screening for A(HINI1)pdmO09 infection was different
than screening for SARS. They realized that SARS-like
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screening might be of limited value because persons
with asymptomatic A(HIN1)pdm09 virus infection
could transmit the virus, and persons with symptomatic
infection might not have symptoms during inbound border
screening. For this reason, fever screening at ports of entry
was adopted, not with the expectation of containing early
local spread but with the less ambitious aim of possibly
detecting infections earlier and slowing the initial spread of
virus, thus providing more time to prepare for the pandemic
(8,9). Screening of inbound air passengers to Thailand was
implemented on April 27, 2009. Persons with suspected
A(HINT)pdm09 virus infection were treated with antiviral
drugs, and close contacts of possible case-patients were
given prophylaxis. By June 17, a total of 1,669,501
inbound passengers had been screened at Thailand’s main
international airport in Bangkok; 638 of those screened had
a fever, and only 2 were confirmed to have A(HIN1)pdm09
virus infection. As the pandemic spread rapidly throughout
Thailand, the value of inbound screening was increasingly
questioned, and screening was eventually stopped at the
end of September 2009.

As expected, despite active screening of inbound
air passengers, indigenous transmission and outbreaks
were soon observed in entertainment venues and schools.
Thailand’s routine national surveillance system includes
a national passive notifiable disease surveillance system,
which includes notification of pneumonia and influenza
cases requiring hospitalization (defined mainly by code
criteria of the International Classification of Diseases, Tenth
Revision). Thailand’s national influenza surveillance also
includes a sentinel system focused on monitoring virus
infections; the system includes 8-10 sentinel hospitals that
obtain data and specimens from patients secking medical
care for influenza-like illness (ILI). In response to the 2009
pandemic, the MOPH enhanced the surveillance system in
2 ways. First, in May 2009, the MOPH established a daily
ILI reporting system to measure geographic and temporal
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trends for ILI in hospital outpatient departments across
the country. Second, the network of sentinel influenza
surveillance sites previously established to monitor influenza
serotypes was supplemented by an additional 14 new
sites. Sites in the expanded network collected respiratory
specimens and performed influenza testing for outpatients
with ILI and for hospitalized patients with pneumonia. These
additions enabled monitoring of spatial-temporal trends and
estimations of the prevalence of disease. Overall trends
for ILI mirrored those of laboratory-confirmed cases of
A(HIN1)pdm09 virus infection, supporting the usefulness
of ILI data (online Technical Appendix, wwwnc.cdc.gov/
EID/pdfs/11-0976-Techapp.pdf).

In addition to these noted strengths in Thailand’s
national surveillance system response, the review team
also identified several areas in which improvements should
be pursued. These included improving linkages between
epidemiologic, laboratory, and clinical data sources;
expanding private health care participation in surveillance
activities; and strengthening capacity for infectious disease
modeling.

Development of Guidance for Clinical Management
and Antiviral Drug Use Is an Iterative Process

Before onset of the pandemic, the Thailand MOPH
had established a national stockpile of 300,000 oseltamivir
treatment courses, which was sufficient to treat 0.5% of the
population. An additional 1 million courses were added
when reported cases and deaths appeared to accelerate
during the first pandemic wave. The decision to increase
the stockpile was prompted in part by the results of local
mathematical modeling exercises, which suggested that
among the Thai population of 63 million persons, 157,000
could be hospitalized with A(HIN1)pdm09 virus infection
and 1,260 could die.

The process of supplying oseltamivir to health facilities
was greatly facilitated by a central, Internet-based vendor-
managed inventory system, which enabled daily updating
of hospital inventories. Individual health care facilities
were primarily responsible for monitoring and replenishing
their stocks of personal protective equipment, which were
supplemented by a network of regional and provincial
stockpiles.

A clinical case management and practice guideline
was rapidly made available to all health care workers; the
guideline was updated on 3 occasions as new information
became available. Revisions focused on the medical
management of patients at risk for severe disease, including
the need for early administration of oseltamivir (Figure
2). However, anecdotal reports suggested that nationwide
adoption of new guidelines by physicians may take up
to a month, indicating a need for innovative methods to
introduce and implement new guidelines.
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An initial policy of screening and testing all persons
at risk for A(HIN1)pdmO9 virus infection proved pro-
blematic. The policy was instituted in an attempt to mitigate
spread of infection; however, it led to a widespread public
perception that laboratory testing was mandatory for
diagnosis and treatment of A(HIN1)pdmO9 virus infection.
The MOPH subsequently rescinded the policy and issued
guidance recommending that persons with suspected
A(HIN1)pdm09 virus infection be treated on the basis of
clinical rather than laboratory findings. However, patients
overlooked the revised policy and continued to request
laboratory confirmation of infection, and physicians felt
obliged to respond to patient requests; thus, laboratory
services became overburdened.

Laboratory Services Can Become Overburdened

The laboratory system in Thailand provided
commendable support to national efforts for combatting
A(HIN1)pdmO9 virus transmission, especially during the
early months of the pandemic. Vast numbers of specimens
were tested, and laboratories operated 24 hours a day,
7 days a week. In most cases, laboratory reports were
provided within 24 hours of specimen receipt. Laboratory
support and expansion were well articulated in Thailand’s
national influenza preparedness plan, and surge capacity
was quickly organized and implemented.

During the pandemic, the use of PCR was adopted
as a standard for laboratory diagnosis of influenza. PCR
technology had already been used at the National Influenza
Center and 3 university teaching hospitals in Bangkok,
and capacity was rapidly established in an additional 14
regional laboratories to share the burden of work and enable
rapid testing. The increased capacity for laboratory testing
enabled the National Influenza Center and 1 university
laboratory to focus on more specialized testing, including
molecular sequencing and monitoring of antiviral drug
resistance.

In addition to these strengths in the national response
effort, the review team also identified several weak areas in
need of improvement. The need to strengthen laboratories
was highlighted in the national preparedness plan and
implemented at the start of the pandemic; however, as
discussed above, a national strategy for rational use of
laboratory services during high-demand situations was
not available to clinicians and public health professionals
early in the pandemic. This lack of guidance resulted in
an extremely heavy demand for laboratory services.
Furthermore, although a plan was in place, it did not
anticipate the number of specimens for which testing was
requested. During the first 3 months of the pandemic, the
National Influenza Center in Thailand processed 10,796
specimens, of which 4,082 were positive for A(HINI1)
pdmO09 virus infection. Although additional surge capacity
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was soon developed and implemented, the heavy demands
for laboratory testing led to delays in making some results
available. Recommendations for future strengthening of
the laboratory system included expanding PCR capacity in
provincial hospitals, which could serve as referral centers,
and clarifying roles specified for each type of laboratory.
Such actions would help optimize the laboratory system,
maximize efficiency, and enable central laboratories to
focus on more specialized functions and research activities.

Enhanced Infection Control and Surge Capacity
Is Needed for Intensive Care Services

During the A(HIN1)pdm09 pandemic in Thailand,
several outbreaks were reported among hospital staff and
patients (10). Infection prevention and control practices
appeared to vary at the health care facility level, although
most hospitals had dedicated infection control nurses and
functional infection prevention and control committees.
Before the pandemic, excellent arrangements were in place
for screening and triage in hospitals. The arrangements were
derived from procedures established during the outbreak
of influenza virus A(H5N1), However, despite those
arrangements, outpatient services during the first pandemic
wave were soon overwhelmed with “worried well”
persons seeking information and advice. Hospitals became
crowded with patients with ILI, among whom only a small
proportion had moderate to severe influenza. Intensive care
units in many hospitals became overburdened during the
peak of the first wave. Optimal delivery of care might have
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been achieved through better networking among hospital
intensive care units; improved networking could have
enabled the sharing of caseloads, resources, and expertise.

Application and Monitoring of Nonpharmaceutical
Interventions Must Be Consistent

The use of good hand hygiene practices, social
distancing measures, and face masks was emphasized in
national policy and prevention guidelines. These measures
were widely promoted and implemented, particularly during
the first pandemic wave, when awareness and anxiety levels
were high. Implementation of social distancing measures
varied by setting, especially in relation to school closure;
the varied implementation was probably due in part to
the decentralization of decision-making to the local level.
The business sector, health foundations, schools, and local
community authorities provided good support for public
education campaigns. An initial shortage of alcohol gel and
face masks was addressed by increasing local production.

Aneffective mechanism for oversight was not established
atthe outset of the pandemic, and the lack of sucha mechanism
presented a challenge for monitoring the effectiveness of
public health interventions. Variation and “drift” in the
application and implementation of national policies and
guidelines were also observed at different administrative
levels. Local variations in compliance with national policies
and guidelines may have been related to differences in the
perception of risk among health professionals and the public
and to ineffective communication and feedback systems
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between authorities at the central level and health providers
at peripheral levels. One recommendation for addressing
this challenge in the future is to establish a national public
health emergency incident command center to coordinate
and communicate policies, strategies, and guidance related
to an emergency and to monitor their execution and facilitate
feedback to concerned parties, particularly on problems
related to implementation.

Availability and Uptake of Pandemic
Vaccine Must Be Timely

In July 2009, the Thai government approved the
procurement of 2 million doses of A(HIN1)pdm09 vaccine.
This amount was determined by using existing registries
and other data to estimate the number of health care workers
and the number of persons considered to be at high risk for
complications related to A(HIN1)pdmO9 virus infection.
The vaccine arrived at the end of the first wave, during the
last week of December 2009, and was targeted to groups at
high risk and to frontline health care workers. Vaccination
campaigns began in early January 2010, but vaccination
uptake was slow and less than projected. There are several
possible reasons for this, including the perception of
diminishing risk and safety concerns expressed by members
of the public, in part related to media reports of (unrelated)
fetal deaths in pregnant women who had received the
vaccine. Uptake among pregnant women was only 6%
(30,000) of the planned 500,000 target population. This
percentage is consistent with observations by obstetricians
that pregnant women in Thailand were not convinced that
the potential benefits of vaccination greatly outweighed
any possible risk.

At the same time that Thailand is trying to improve
access to pandemic influenza vaccine, it is also trying to
establish national capacity for pandemic vaccine production.
Since 2008, and with the support of WHO’s Global Action
Plan, the Thailand MOPH has embarked on a development
project to enhance national capacity for pandemic influenza
vaccine development and production. This country project
aims to establish capacity for producing inactivated and
live-attenuated pandemic vaccines. Although this project
did not produce a vaccine in time for the 2009 A(HIN1)
pdm09 pandemic, it has served as an excellent platform for
further development of the national and regional influenza
vaccine capacity in preparation for future pandemics.

Risk Communication Requires Active
Coordination and Monitoring

Public information and risk communication messages
were disseminated through a variety of media, including
television, radio, and extensively distributed printed
materials. However, on several occasions, government
officials issued contradictory statements on the status of
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the pandemic or conflicting health advice. A possible
explanation for these shortcomings was the lack of a
systematic process to ensure timely delivery of consistent
and correct information to the public by politicians,
officials, and partners. The communications infrastructure
in Thailand is strong; however, some partners could
have been better used to assist with disseminating
public communications and with collecting feedback
regarding the effectiveness of key messages in terms
of public understanding and behavior. Furthermore, it
would seem intuitive that better communication and
public messaging could be used to address the challenges
previously discussed in terms of vaccine uptake and
health system overloads caused by the worried well. One
recommendation proposed addressing these weaknesses
by establishing an operational risk communications unit
within MOPH.

Needs of Displaced Persons/Migrants
Must Be Included in Pandemic Preparedness
and Response Plans

An estimated 144,567 displaced persons live in 9
temporary shelters in Thailand, predominantly on the
Thailand/Myanmar border, and ~2 million registered and
unregistered international migrants provide unskilled labor
in Thailand. Displaced persons residing in temporary
shelters receive basic health care services primarily from
nongovernmental organizations, and a compulsory migrant
health insurance scheme is in place for registered migrants
in Thailand.

Surveillance for influenza and other priority communi-
cable diseases is considered to function well and is linked
with the national surveillance mechanisms. However,
pandemic response plans for different displaced and migrant
population settings were not always congruent, and specific
national policies were not completely explicit in defining
access to services (care and laboratory diagnostics) and life-
saving medicines, such as oseltamivir. In many such settings,
surge capacity for delivery of health care was limited, and
staff and volunteer health workers were not sufficiently
trained in pandemic influenza preparedness and response.
Also, public health messages were sometimes not available in
the language of displaced or migrant persons (11). However,
among displaced and migrant populations during the first
12 months of the pandemic, only 1 documented A(HINT1)
pdm09 outbreak occurred, with no confirmed deaths, and the
review team found that, in general, services were provided
on a humanitarian basis when needed.

External Evaluation of Response Efforts
after a Pandemic Peak Is Useful

The team reviewing Thailand’s pandemic response
identified numerous strengths and several shortcomings.
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Because of the timing of the review, some of the lessons
learned and some of the shortcomings, particularly in
the areas of health care surge capacity, surveillance, and
laboratory capacity, were at least partially addressed or
rectified during the second and third waves of the A(HIN1)
pdm09 pandemic. In addition, the review findings and
lessons learned are now being used to guide development of
future pandemic preparedness plans in Thailand. The joint
MOPH/WHO pandemic review required the mobilization
of substantial human and financial resources at a time of
already considerable demand. Therefore, consideration
should be given to building a strong monitoring and
evaluation component into pandemic preparedness plans,
including surge capacity for handling review tasks.

Discussion

We describe lessons learned from the national response
to the influenza A(HIN1)pdm09 pandemic in Thailand by
reviewing the local experience and a formal MOPH/WHO
report on a joint review of the response efforts (12). Several
of the lessons learned have been identified and discussed in
other reports; our work supports and enriches the published
data surrounding these lessons.

A report of the WHO Review Committee on the
functioning of the international health regulations in
relation to the A(HIN1)pdm09 pandemic (13) stressed
that the response requirements of health care systems
needed more attention and strengthening. The report also
advocated interim case-finding, treatment and management
protocols and algorithms, infection control guidelines,
guidance on triaging and surge capacity management, and
staffing strategies. The findings in the WHO report, much
like our findings, emphasized that although avian influenza
had made a difference in pandemic preparedness for Asian
countries, the 2009 influenza pandemic strained health care
and laboratory services, and the strain would have been
worse in a more severe pandemic.

Fisher et al., in a review of pandemic response lessons
from 6 Asian countries (Singapore, Hong Kong, People’s
Republic of China, Malaysia, South Korea, and Vietnam)
(14), noted some key health challenges similar to those
in the Thailand experience: a need to strengthen health
care surge capacity (especially intensive care services),
an inability of containment measures to prevent cross-
border entry of influenza, challenges with the adoption of
recommendations for empiric use of oseltamivir, and the
insufficient coordination of the dissemination of clinical
management and laboratory protocols and updates and
other communications. In addition, Hanvoravongchai et al.
and the AsiaFluCap Project (15) reported results from rapid
analyses of pandemic influenza preparedness in 6 Asian
countries. Similar to the situation in Thailand, many of the
countries were challenged by the need for greater flexibility
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in pandemic planning and implementation in order to
accommodate changing transmission circumstances and
different pandemic scenarios.

The importance of a joint review after a pandemic peak
or pandemic phase cannot be overemphasized. In Thailand,
the review process and reports, which clearly identified
strengths and weaknesses of the pandemic response and
provided concrete suggestions for how lessons learned
might be used to revise plans for dealing with future
events, were used to modify the national response during
the second and third waves of the 2009 influenza pandemic.
In addition, lessons learned from the review are serving as
a helpful resource for the development of a new 5-year
national strategic plan for preparedness and response to
emerging diseases, which will be submitted for official
government endorsement in the near future.
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Seroprevalence of Schmallenberg
Virus Antibodies among Dairy
Cattle, the Netherlands,
Winter 2011-2012

Armin R.W. Elbers, Willie L.A. Loeffen, Sjaak Quak, Els de Boer-Luijtze, Arco N. van der Spek,
Ruth Bouwstra, Riks Maas, Marcel A.H. Spierenburg, Eric P. de Kluijver, Gerdien van Schaik,
and Wim H.M. van der Poel

Infections with Schmallenberg virus (SBV) are asso-
ciated with congenital malformations in ruminants. Because
reporting of suspected cases only could underestimate the
true rate of infection, we conducted a seroprevalence study
in the Netherlands to detect past exposure to SBV among
dairy cattle. A total of 1,123 serum samples collected from
cattle during November 2011-January 2012 were tested
for antibodies against SBV by using a virus neutralization
test; seroprevalence was 72.5%. Seroprevalence was
significantly higher in the central-eastern part of the
Netherlands than in the northern and southern regions
(p<0.001). In addition, high (70%—100%) within-herd
seroprevalence was observed in 2 SBV-infected dairy herds
and 2 SBV-infected sheep herds. No significant differences
were found in age-specific prevalence of antibodies against
SBV, which is an indication that SBV is newly arrived in the
country.

During the last 2 weeks of August and the first 2 weeks
of September 2011, dozens of veterinary practitioners
in the Netherlands reported to a monitoring help desk (GD
Veekijker) that several dairy herds with cows showed a
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sudden decrease in milk production, watery diarrhea, and
occasional fever (1). The affected animals recovered, and
extensive bacteriologic, virologic, and parasitologic testing
of feces and blood samples of sick cows did not reveal an
infectious cause for the clinical signs. Similar problems
were reported at about the same time in Germany, and
on November 18, 2011, the Friedrich Loeffler Institute
(Greifswald, Germany) reported the detection of a novel
orthobunyavirus that could be the cause of the clinical
problems (2). Real-time reverse transcription PCR (RT-
PCR), made available by the Friedrich Loeffler Institute,
was used to test stored blood samples (N = 50) from the
clinically diseased cattle in the Netherlands; 36% had
positive test results. Since then, the virus has also been
associated with congenital malformations in young animals
(lambs, goat kids, and calves) (3).

The new virus is provisionally called Schmallenberg
virus (SBV), or Shamonda-like virus. It is a RNA virus and
shows 97% identity with Shamonda virus (SHAV) (small
gene segment), 71% identity with Aino virus (medium
gene segment), and 69% identity with Akabane virus
(AKAV) (large gene segment) (4). All these viruses are
part of the Simbu serogroup of the family Bunyaviridae,
genus Orthobunyavirus. The Simbu serogroup is composed
of several arthropod-borne viruses (arboviruses, including
SHAV, AKAV, and Aino virus) transmitted by Culicoides
spp. biting midges and mosquitos. SHAV was initially
isolated from cattle and Culicoides spp. biting midges in
Nigeria in the 1960s (5,6). In 2002, SHAV emerged in
Japan and was isolated from Culicoides spp. biting midges
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and sentinel cattle (7). Japan has been considered an area to
which several Simbu group viruses have been endemic in
cattle since the 1970s (8).

Knowledge specifically related to SBV is limited;
according to a risk assessment by the European Centre for
Disease Prevention (http://ecdc.europa.eu/en/publications/
Publications/231112 TER Risk assessement
Schmallenberg_virus.pdf), transmission of SBV to humans
is considered unlikely but cannot be ruled out. Recently,
serosurveys were conducted to assess zoonotic transmission
of SBV in farmers and veterinarians in Germany and the
Netherlands, who are likely to come in contact with the
virus, but no infection was found (9,10).

In the Netherlands, reporting of suspected cases of
SBV infection in animals (occurrence of arthrogryposis
hydranencephaly syndrome in calves, lambs, and goat kids)
is obligatory; a report is followed by confirmatory testing
of brain tissue samples by RT-PCR. However, the observed
suspected cases are likely an underestimation of the true rate
of infection; in addition, infected livestock may give birth
to healthy young animals, adding to the underestimation of
the true rate of infection. Therefore, serodiagnostic studies
are needed to detect past exposure to SBV in ruminant
populations in the affected countries. Within weeks after
the start of the SBV epidemic, a virus neutralization test
(VNT) was developed at the Central Veterinary Institute
(CVI). This test made it possible to quickly execute a
seroprevalence study of antibodies against SBV in dairy
cattle in the Netherlands.

Materials and Methods

Seroprevalence Sampling Design

To estimate the seroprevalence of SBV in the dairy
cattle population in the Netherlands with considerable
precision, we used the following preconditions for sample
size calculation (11): an a priori expected prevalence of
50% (this will yield the highest possible sample size), a
maximum allowable error in the prevalence estimate of
~3%, a 95% confidence in the estimate, and a population
size of =1.5 million head of dairy cattle (on the basis of
2012 census data of Statistics Netherlands, The Hague, the
Netherlands). These conditions yielded a calculated sample
size of >1,100 randomly selected dairy cattle.

Because dairy cattle and the premises on which
they are housed are not distributed homogenously in the
Netherlands, a stratified random sampling design with the
12 provinces in the Netherlands as a stratification level was
set up to provide a representative sample. On the basis of
census data of Statistics Netherlands (12), the stratified
distribution of dairy cattle by province was used for setting
up the sampling frame. The sampling frame comprised
dairy cattle from which serum samples were collected
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during November 2011-January 2012 for monitoring
testing of antibodies against bluetongue virus or as part of
a specific surveillance investigation of 125 dairy farms to
exclude introduction of notifiable animal diseases because
of purchase of possibly contaminated bedding material
from a third country. Serum samples from these dairy cattle
were stored at CVI and were available for our study. The
dairy cattle in our final sampling list (most drawn from the
bluetongue monitoring set, completed with 37 randomly
selected samples originating from 12 cattle herds from
the surveillance investigation set) were randomly selected
within each stratum (province) of the sampling frame
proportional to the number of dairy cattle in each province.
This process provided an accurate representation of dairy
cattle of the target population in our sample.

Animals within a herd share common characteristics
such as nutrition, housing, and exposure to disease
pathogens (13). In the case of infectious diseases, common
exposure to disease pathogens probably results in a
common serologic status within herds. As a consequence,
differences in prevalence between herds are larger than
differences between animals within herds. Therefore, it is
essential to sample relatively more herds and fewer animals
within a herd than in a situation without clustering of
disease events, as was shown for estimating the population
prevalence for pseudorabies virus infection (14). A measure
for agreement in serologic status between animals within a
herd is given by the intraclass correlation coefficient p (15).
Because we presumed a high intraclass correlation with
respect to serologic status of animals within herds (based
on preliminary test results from a few infected herds), on
average 2 dairy cattle (minimum 1, maximum 4) from
the same dairy herd were included in the sampling list to
prevent occurrence of too many cattle from the same herd.
This selection procedure resulted in 1,123 samples from
dairy cattle from 489 dairy herds.

In addition to estimating seroprevalence of SBV in the
dairy cattle population in the Netherlands, we estimated the
seroprevalence in the dairy cattle population by 3 regions in
the Netherlands to determine possible regional differences
in seroprevalence. These regions were the northern part
of the Netherlands (465 samples), comprising Groningen,
Friesland, Drenthe, and Noord-Holland Provinces; the
southern part of the Netherlands (196 samples), comprising
Zeeland, Zuid-Holland, Noord-Brabant, and Limburg
Provinces; and the central-eastern part of the Netherlands
(462 samples), comprising Overijssel, Gelderland,
Flevoland, and Utrecht Provinces. A cattle density map on
municipality level was created on the basis of the number
of cattle per municipality as received from the “Dienst
Regelingen” from the Ministry of Economic Affairs,
Agriculture and Innovation. Figure 1 shows the geographic
distribution of dairy herds from which we tested, on
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Figure 1. Geographic distribution of dairy herds from which 1-4
animals were sampled (red dots) in study of Schmallenberg virus
seroprevalence, the Netherlands, 2011-2012. Cattle density is
indicated by gray shading; blue outlines denote regional borders.

average, 2 dairy cattle. The data indicate that our sampling
was indeed representative for the geographic distribution of
cattle in the Netherlands.

The mean age of cattle tested was 23 months (range
12-79 months); 60% were 20-24 months of age. To test
possible differences in age-specific antibody prevalence for
cattle in the northern, central-eastern, and southern regions,
we defined 3 age cohorts: <18 months, 18-24 months, and
>24 months. Date of birth and date of blood sampling were
available for 1,085 head of cattle, which enabled us to
calculate the age of the cattle at the date of blood sampling.

Within-herd Seroprevalence

To gain insight into the within-herd seroprevalence of
infected herds (based on RT-PCR test results of malformed
lambs and calves that had been born), we sampled 2 cattle
herds and 2 sheep flocks for comparison. We used the
following preconditions for sample size calculation: an a
priori expected prevalence of ~70%, a maximum allowable
error in the prevalence estimate of =~5%, and a 95%
confidence in the estimate.

Sheep flock 1 consisted of 800 ewes >1 year of age,
120 ewes <1 year of age, and 14 rams. The flock was
located in the eastern part of the Netherlands. From the
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beginning of the study through December 30, 2011, a total
of 41 lambs were born; 15 lambs (37%) were malformed.
Clinical signs observed in the malformed lambs were
arthrogryposis, ankylosis, scoliosis, torticollis, kyfosis, and
hydranencephaly. From this flock, 60 ewes that had already
lambed were tested.

Sheep flock 2 consisted of 81 ewes >1 year of age and
1 male ram. The flock was located in the southern part of
the Netherlands. From the beginning of the study through
February 7, 2012, a total of 30 lambs were born (15 female
and 15 male); 2 lambs (13%) were malformed (1 female
and 1 male). Clinical signs observed in the malformed
lambs were arthrogryposis, ankylosis, torticollis, ataxia,
and neurologic signs. From this flock, 35 ewes that had
already lambed were tested.

Dairy herd 1 consisted of 58 dairy cattle >2 years of
age and 40 young stock <2 years of age. The flock was
located in the southwestern part of the Netherlands. From
the beginning of the study through February 8§, 2012, 1
calf was born malformed. Clinical signs observed in the
malformed calf were arthrogryposis and ankylosis. From
this herd, 34 dairy cattle were tested.

Dairy herd 2 consisted of 40 dairy cattle >2 years of age
and 20 young stock <2 years of age. The flock was located
in the northern part of the Netherlands. From the beginning
of the study through January 30, 2012, 2 malformed calves
(twins) were born. Clinical signs observed in the malformed
calves were scoliosis and hydranencephaly. From this herd,
34 dairy cattle were tested.

Statistical Analysis

Exact 95% CIs for estimated seroprevalences were
calculated according to Fleiss (16). Differences in mean
seroprevalence of antibodies against SBV of dairy cattle
populations between regions in the Netherlands were tested
with the 2-sample proportion test (17). Differences in age-
specific mean prevalence of antibodies against SBV of
dairy cattle in the northern, southern, and central-eastern
region were tested with the 2-sample proportion test (17).

An intraclass correlation coefficient p was calculated
to measure the agreement in serologic status between
dairy cattle sampled within the same herd. The intraclass
correlation coefficient (minimum 0, maximum 1) was
estimated by using analysis of variance, with herd as
independent variable and the serologic status of individual
animals (seropositive or seronegative) as dependent
variable (15).

Serologic Test

Serum samples were tested in a VNT against SBV
(W.L.A. Loeffen et al., unpub. data). A virus isolate from
brain tissue of a lamb, fourth passage on Vero (African
green monkey kidney) cells, was used in the test, which
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was performed in flat-bottomed, 96-well microtiter plates
on VERO cells. The medium used for cells and dilutions
was Dulbecco minimal essential medium + Glutamax
(GIBCO Invitrogen, Carlsbad, CA, USA), contained with
3% fetal calf serum and 1% penicillin and streptomycin at
final concentrations of 100 IU and 100 pg/mL, respectively,
in the medium. Serum samples were heated for 30 min at
56°C before testing. Serum samples were diluted in the
test plate, starting from 1:4, followed by 2-fold dilutions
up to 1:512 in volumes of 50 pL. Subsequently, virus (500
median tissue culture infective dose per well) was added to
each well, also in a volume of 50 pL. After preincubation
at 37°C for 1-2 hours, 20,000 cells per well were added in
a volume of 100 pL. Plates were incubated for 5 days at
37°Cin 5% CO,.

After 5 days, the plates were emptied and stained with
amido black. The titer was determined as the reciprocal of
the dilution in which 25%-100% of the monolayer was
still intact. Titers >8 were considered positive on the basis
of a prior validation in which a specificity and sensitivity
of >99% were estimated with this cutoff. Control samples
(positives and negatives) were included in each run of the
test. Virus used in each run was back titrated in 24 columns
of 4 dilutions each.

Results

The estimated seroprevalence of antibodies against
SBV in dairy cattle, winter 2011-2012, for the Netherlands
(N = 1,123) was 72.5% (95% CI 69.7%—-75.1%). The
agreement in serologic status between dairy cattle sampled
within the same herd in our prevalence study, as measured
by the intraclass correlation coefficient, was high, 0.73.
This finding indicates that in any particular herd, a strong
tendency exists that either most cattle in that herd will be
seropositive or most will be seronegative.

We found no statistically significant (p>0.05)
differences in age-specific mean prevalence of antibodies
against SBV of cattle in the 3 regions (Table). In the
southern and northern regions, we found a slight trend of
increased seroprevalence from the younger to the older age
cohorts; in the central-eastern region, this trend was absent.

Figure 2 shows the geographic distribution of
seropositive dairy herds (>1 cows sampled tested
seropositive) and seronegative dairy herds (all cows
sampled tested seronegative). These data indicate no
association between cattle density and occurrence of
seropositive or seronegative herds. Furthermore, the

geographic distribution of seropositive and seronegative
herds is random, showing no specific clusters of seropositive
or seronegative herds. The estimated seroprevalence of
antibodies against SBV in dairy cattle in the central-eastern
part of the Netherlands (n = 462; seroprevalence 82.7%,
95% CI 78.8%—86.0%) was significantly (p<0.001) higher
than the estimated seroprevalence of antibodies against
SBYV in dairy cattle in the northern (n =465; seroprevalence
67.1%, 95% CI 62.6%—-71.3%) and southern (n = 196;
seroprevalence 61.2%, 95% CI 53.9%—68.0%) parts of the
country. Figure 3 shows the distribution of VNT antibody
titers against SBV of seropositive samples from dairy
cattle; 50% of the samples showed a titer >512.

For testing of within-herd seroprevalence, in dairy
herd 1, 25/34 cows tested seropositive (within-herd
seroprevalence 73.5%, 95% CI 55%—87%); in dairy herd 2,
all 34 cows tested seropositive (within-herd seroprevalence
100%, 95% CI 87%—100%). In sheep flock 1, 56/60 ewes
tested seropositive (within-flock seroprevalence 93.3%,
95% CI 82%-98%); in sheep flock 2, 25/35 ewes tested
seropositive (within-flock seroprevalence 71.4%, 95% CI
52%-85%).

Discussion

We found a high seroprevalence of antibodies against
SBV in dairy cattle in the Netherlands in the winter of
2011-2012, which indicates widespread exposure to SBV
during the biting insect seasons of spring, summer, and
fall 2011. Between the start of the investigation and last
day of the surveillance period (March 29, 2012), a total of
782 calves with suspected SBV infection were tested by
PCR in the Netherlands (Netherlands Food and Consumer
Product Safety Authority, www.vwa.nl/onderwerpen/
dierziekten/dossier/schmallenbergvirus); only 14% had
positive test results. Combined with our study results
on within-herd seroprevalence and the fact that a certain
population of infected livestock would not produce
malformed calves because the dams were infected outside
the critical period of pregnancy, this finding illustrates the
considerable underestimation of the true rate of infection in
the population when only counting suspected cases.

The seroprevalence of antibodies against SBV in dairy
cattle is significantly higher in the central-eastern part of
the Netherlands than in the northern and southern parts of
the country. This finding likely indicates that SBV was first
introduced into the eastern part of the Netherlands and is
supported by the fact that the first dairy herds reporting

Table. Age-specific mean prevalence of antibodies against Schmallenberg virus among cattle, the Netherlands, 2011-2012

No. cattle (prevalence, %)

Age range, mo Northern region Central-eastern region Southern region Total

<18 7(42.9) 13 (76.9) 13 (46.2) 33 (57.6)

18-24 331 (65.0) 337 (82.8) 151 (60.9) 819 (71.6)

>24 103 (72.8) 98 (80.6) 32 (68.8) 233 (75.5)
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Figure 2. Geographic distribution of dairy herds sampled in study
of Schmallenberg virus seroprevalence with positive results (>1
animals sampled tested seropositive; red dots) and negative
results (all animals sampled tested seronegative; yellow dots),
the Netherlands, 2011-2012. Cattle density is indicated by gray
shading; blue outlines denote regional borders.

cows with clinical signs of SBV infection in September
2011 were located in the same areas (1).

We found no significant differences in age-specific
mean prevalence of antibodies against SBV of cattle in the
3 regions, which indicates that SBV is newly arrived in
the area. A clear increasing age-specific prevalence would
have suggested that the virus had been there for 23 years
but unrecognized earlier on. In the southern and northern
region, there was a slight trend of increased seroprevalence
from the young to the older age-cohorts, which can be
expected because the young age cohort is housed inside for
most of the time, preventing exposure to infected vectors.
In the central-eastern region, this trend was absent, which
is another indication that SBV was first introduced into the
eastern part of the Netherlands.

Testing of serum samples banked during other studies
before 2011 is planned to determine whether evidence
exists of SBV infection before 2011. We could find no
comparable seroprevalence studies on SBV or SHAV
activity from other countries. However, a seroprevalence
study conducted at the end of the New South Wales AKAV
epidemic that occurred during April-October 1974 showed
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80% seroprevalence in ~4,000 serum samples from cattle
(18). This finding illustrates that an outbreak season with
another orthobunyavirus can result in a comparable level
of infection to that found in our study.

Regarding SBV within-herd seroprevalence, our
preliminary results indicate that, by the end of an outbreak
season, most animals within an affected herd have been
infected. Previous studies investigating AKAV outbreaks
showed comparably high within-herd seroprevalence of
antibodies in cattle in Australia: 77% in 1964 (19), up to 89%
in 1971 (20), and 99% in 1988 in New South Wales (21).
Furthermore, serologic investigations in the Kumamoto
and Kagoshima Prefectures in Japan, where 98.3% of 119
tested cattle with neurologic signs were seropositive against
AKAYV, showed that 74.3% of cohabitated cattle without
neurologic signs in these farms were also seropositive (22).
Monthly sampling of sentinel cattle in Australia indicated
that within 1-2 months after the start of sampling, 100%
of the sentinel animals within herds were seropositive for
AKAYV exposure (23,24).

We cannot predict the progress of SBV during
the coming months in the ruminant populations in the
Netherlands. While a certain level of protection against
new infection may be expected for naturally infected
animals, but to our knowledge, no solid information on the
protective capacity of SBV antibodies exists. In addition,
in a population showing a seroprevalence of 70%, it should
be assumed that a considerable portion of animals remain
susceptible to SBV infection. Recent reports of SBV in
Culicoides spp. biting midges from Belgium and Denmark
implicated C. obsoletus complex and C. dewulfi midges as
potential vectors in the transmission and spread of SBV
(25,26). From experiences with other ruminant Simbu
serogroup viruses in Asia and Australia, it may be assumed
that, if previously uninfected animals are infected by
vectors before mating, protection would be incurred against
the occurrence of congenital malformations in newborns
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Figure 3. Frequency distribution of titers for serum samples (n = 814)
positive for Schmallenberg virus antibodies by virus neutralization
test (VNT) in study of Schmallenberg virus seroprevalence, the
Netherlands, 2011-2012.
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(27). Vaccination of the dams before they are mated would
likely produce a similar protection; however, no vaccine
for SBV is available.

Our study estimated seroprevalence at the population
level and showed differences in seroprevalence among
regions within the Netherlands. If an estimate of
seroprevalence is desired at a more detailed regional level,
a larger number of animals must be sampled and tested.
This estimate will be feasible (cost- and labor-wise) when
samples are tested with the VNT using a limited number of
dilutions or an ELISA (less expensive and labor-intensive
than the VNT) becomes available.

When designing our prevalence study, we assumed
a high agreement in serologic status among dairy cattle
sampled within the same herd. The observed within-herd
prevalence and the high agreement in serologic status
among dairy cattle sampled within the same herd in our
study retrospectively indicate that sampling a relatively low
number of animals within a herd and relatively more herds
enables an accurate estimate of the overall seroprevalence
of the dairy cattle population. These infection dynamic
characteristics can be used by other research groups when
designing future seroprevalence studies in the other SBV-
affected countries.
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RESEARCH

Predicting Risk for Death
from MRSA Bacteremia?

Mina Pastagia, Lawrence C. Kleinman, Eliesel G. Lacerda de la Cruz, and Stephen G. Jenkins

Methicillin-resistant Staphylococcus aureus (MRSA)
bacteremia is often fatal. To determine predictors of risk
for death, we conducted a retrospective cohort study. We
examined 699 episodes of MRSA bacteremia involving
603 patients admitted to an academic medical center in
New York City during 2002-2007. Data came from chart
reviews, hospital databases, and recultured frozen MRSA
specimens. Among the 699 episodes, 55 were caused by
vancomycin—intermediate resistant S. aureus strains, 55 by
heteroresistant vancomycin-intermediate S. aureus strains,
and 589 by non—vancomycin-resistant strains; 190 (31.5%)
patients died. We used regression risk analysis to quantify
the association between clinical correlates and death. We
found that older age, residence in a nursing home, severe
bacteremia, and organ impairment were independently
associated with increased risk for death; consultation with
an infectious disease specialist was associated with lower
risk for death; and MRSA strain types were not associated
with risk for death.

Methicillin-resistant Staphylococcus aureus (MRSA)
is a worldwide concern; it colonizes and infects
patients in the hospital and in the community (1). For the
past 50 years in the United States, the standard therapy
has been vancomycin. Recent vancomycin treatment
failures have raised questions regarding optimal treatment
(2). Although new antimicrobial drugs (e.g., linezolid,
daptomycin, tigecycline) have been developed, none has
been consistently superior to vancomycin for the treatment
of MRSA (3,4), and MRSA resistance rapidly develops for
many new drugs (5,6). Some studies have suggested MIC
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creep (increasing vancomycin MICs against MRSA over
time), but others have not (7,8). In 2006, the upper limit
of vancomycin susceptibility for S. aureus was redefined,
lowered from 4 pg/mL to 2 pg/mL, first by the Clinical
and Laboratory Standards Institute and soon thereafter by
the US Food and Drug Administration and the European
Committee on Antimicrobial Susceptibility (9).

Vancomycin treatment failures for MRSA occur even
when MICs are within the range considered susceptible,
especially 1-2 pg/mL (10-13). Among high-risk bacteremic
patients, Sakoulas et al. documented treatment failure rates
of 44% when vancomycin MICs were <0.5 pg/mL and of
90% when vancomycin MICs were 1-2 pg/mL (p = 0.01)
(10). Hidayat et al. found that mortality rates were higher
for patients infected with strains with higher vancomycin
MICs (11)

Some apparently susceptible strains of MRSA might
actually be heteroresistant vancomycin-intermediate S.
aureus (hVISA) strains. That is, although the hVISA
isolates seem to be susceptible to vancomycin according
to conventional testing, the isolates contain subpopulations
of colonies resistant to vancomycin. Testing for hVISA
has not been standardized and is not routinely undertaken.
hVISA strains are more common in strains with higher
vancomycin MICs (14,15). hVISA might contribute to
worse clinical outcomes, but this possibility has not been
convincingly confirmed by large studies.

To determine predictors of risk for death among patients
with MRSA bacteremia, we conducted a retrospective study
that compared demographic and clinical characteristics of
adult patients with MRSA bacteremia. MRSA strains from

'"Parts of the data in this article were presented at the 48th
Annual Interscience Conference on Antimicrobial Agents and
Chemotherapy/Infectious Diseases Society of America Meeting,
October 25-28, 2008, Washington, DC, USA; and the 19th
European Congress of Clinical Microbiology and Infectious
Diseases Meeting, May 16-19, 2009, Helsinki, Finland.
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these patients were vancomycin susceptible, VISA, and
hVISA. We analyzed a 5-year trend of vancomycin MICs
among adult patients with MRSA bacteremia. We also
analyzed the associations between host factors, organism
factors, and death versus survival, and quantifed the
marginal contribution of key factors to risk for death.

Methods

Our retrospective study was conducted in New York,
New York, USA, at Mount Sinai Medical Center, a 1,171-
bed tertiary-care academic center that serves a diverse
ethnic and medical population. We studied 699 episodes
of blood infection from 603 patients who had had MRSA
bacteremia during 2002—-2007. This study was approved by
the institutional review board of the Mount Sinai School of
Medicine.

Laboratory Specimens

At Mount Sinai Medical Center, MRSA organisms
identified from blood culture are routinely stored frozen
at —70°C. We retrieved frozen blood culture isolates
(previously not thawed or subcultured) for all adult patients
hospitalized with MRSA bacteremia from January 2002
through May 2007. We excluded episodes of polymicrobial
bacteremia if MRSA was isolated in a single blood culture
bottle or if the patient received inappropriate empirical
treatment for the co-pathogen. We included in our analysis
the first organism isolated from blood culture during any
episode of MRSA bacteremia.

A computerized data system identified 748 eligible
isolates, among which we were able to retrieve 699
(93.4%). These isolates had originally been tested for
drug susceptibility by use of an automated instrument, the
Microscan (Siemens Healthcare, Sacramento, CA, USA);
for all isolates, the vancomycin MICs were <2 pug/mL;
during 2002-2007, we used the Positive Breakpoint Combo
20 (Siemens Healthcare), which might not accurately
detect VISA isolates (16). We sent some isolates—S8
(15%) VISA strains, 88 (15%) non-VISA strains, and 10
VISA control strains (from the Network on Antimicrobial
Resistance in Staphylococcus aureus, www.narsa.net)—to
an outside laboratory for blinded testing by using the Vitek
2 (bioMérieux, Durham, NC, USA) with the AST-GP-67
card, and we sent 8 (15%) hVISA isolates to an outside
laboratory for retesting by using time-killing profiles. No
discrepancies were noted.

Retesting of isolates was performed with no access
(blinded) to clinical data. Mueller-Hinton agar plates
(study and control strains) were inoculated with 0.5
McFarland inoculum (10® CFU/mL), and antimicrobial
drug susceptibility to vancomycin was assessed by using
Etest (AB Biodisk, Solna, Sweden), which has excellent
sensitivity and specificity for this purpose (17). Isolates for
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which vancomycin MICs were >1 ug/mL (95.1%) were
tested for the presence of hVISA by using vancomycin and
teicoplanin Etest strips (the Etest macromethod). In brief,
study and control inocula equivalent to 2.0 McFarland
turbidity standard were plated on brain—heart infusion and
Mueller-Hinton agars and incubated at 35°C-37°C for 24
and 48 hours, respectively. Isolates were interpreted as
being hVISA strains when vancomycin and teicoplanin
MICs were >8 nug/mL or teicoplanin-only MIC was >12
pg/mL (16). Quality control testing was performed weekly
by using American Type Culture Collection (Manassas,
VA, USA) organisms 29213, 29212, 700698 (hVISA),
and 700699 (VISA) per Clinical and Laboratory Standards
Institute guidelines (9). Actual Etest values were used for
MIC,, (the value below which 50% of MIC values for
MRSA isolates tested fell), MIC , (the value below which
90% of MICs fell), and geometric mean MIC calculations.

Chart Review

We abstracted electronic and paper charts for each
of the 603 patients corresponding to the 699 isolates;
65 of these patients were hospitalized >2 times for
MRSA bacteremia. Chart abstraction was performed
by 2 independent reviewers with no access (blinded) to
laboratory data. Each reviewer separately examined 10% of
charts; the « statistic for coding of exemplar key variables
was 0.87, indicating excellent agreement (18). Each new
hospital admission was categorized as a new episode of
bacteremia; the first positive blood culture was used as
the index infection. We abstracted patient information
regarding demographics, concurrent illnesses, patient’s
residence before hospitalization (facility vs. community),
bacteremia severity, and previous health care exposures.

Definitions

We categorized each MRSA infection into 1 of 3
groups according to Etest result for vancomycin MICs as
follows: VISA (MIC 4-12 pg/mL), hVISA, or non—VISA/
hVISA MRSA (MIC <2 pg/mL). We also assessed MIC,
and MIC, for vancomycin.

We defined the number of days to clearance of
bacteremia as the date of first positive MRSA culture
subtracted from the date of 