
Although predicting which influenza virus subtype will cause 
the next pandemic is not yet possible, public health authori-
ties must continually assess the pandemic risk associated 
with animal influenza viruses, particularly those that have 
caused infections in humans, and determine what resourc-
es should be dedicated to mitigating that risk. To accomplish 
this goal, a risk assessment framework was created in col-
laboration with an international group of influenza experts. 
Compared with the previously used approach, this frame-
work, named the Influenza Risk Assessment Tool, provides 
a systematic and transparent approach for assessing and 
comparing threats posed primarily by avian and swine in-
fluenza viruses. This tool will be useful to the international 
influenza community and will remain flexible and responsive 
to changing information.

Pandemic influenza remains a formidable threat to hu-
man health. Advances in national pandemic prepared-

ness have been made during recent decades; however, the 
frequent infection of humans with novel influenza viruses 
complicates implementation of effective control mea-
sures such as vaccines (1). The emergence of the influ-
enza A(H1N1)pdm09 virus (2), the ongoing outbreaks of 
highly pathogenic avian influenza A(H5N1) viruses (3), 
and, more recently, the identification of severe human in-
fections caused by avian influenza A(H7N9) virus in China 
(4,5) indicate the need for a more objective, systematic, and 
transparent approach for evaluating newly emerging influ-
enza viruses with pandemic potential. The Influenza Risk 
Assessment Tool (IRAT) was developed in response to this 
need and creates a framework for systematically combining 
input from influenza experts to support risk management 
decisions that have important cost implications.

Development of a Framework
The approach described here uses opinions from subject 
matter experts to populate a simple, multiattribute additive 
model (6) that combines information from well-established 

decision analysis methods (7,8) to assist in decision mak-
ing and prioritization processes. Traditional risk assess-
ment approaches (9) are not directly applicable to the 
IRAT; however, the general guiding principles still apply 
(Figure 1). The problem definition addressed by IRAT is 
captured in the formulation of 2 important questions. One 
question addresses the risk that the virus will achieve sus-
tained human-to-human transmission and emerge as a pan-
demic virus (the emergence question) and specifically asks, 
“What is the risk that a virus not currently circulating in 
the human population has potential for sustained human-
to-human transmission?” The second question, called the 
impact question, asks, “If the virus were to achieve sus-
tained human-to-human transmission, what is the risk that 
a virus not currently circulating in the human population 
has the potential for significant impact on public health?” 
Risk analysis and interpretation involve the assessment of 
the potential pandemic risk of specific influenza viruses by 
subject matter experts, who use multiple factors or risk ele-
ments identified and defined by a panel of influenza experts 
as critical for a risk-based assessment. These defined risk 
elements provide the basis for evaluation and comparison 
of emerging influenza viruses and contribute to an aggre-
gate risk score.

Identification and Definition of Risk Elements
Leading influenza subject matter experts in human and ani-
mal health, along with laboratory workers, field epidemiol-
ogists, and risk modelers, were invited to a meeting in 2011 
(online Technical Appendix, http://wwwnc.cdc.gov/EID/
article/21/8/14-1086-Techapp.pdf) and asked to provide 
input into the development of the IRAT. Participants were 
asked to provide and refine definitions of elements used by 
the IRAT to evaluate the potential risk of novel influenza 
viruses. To distinguish among novel influenza viruses, 
each element must be amenable to qualitative or quantita-
tive evaluation, independent of other elements, and must 
not be redundant in what is being measured. Subject matter 
experts agreed on and defined 10 elements to be scored that 
would provide the necessary critical information. Each of 
the 10 elements falls into 1 of 3 categories: virus proper-
ties, attributes and immune response of the human popula-
tion, and the ecology and epidemiology associated with the  
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novel influenza virus (Table 1). These 10 elements are 
meant to capture the features of the virus, the population, 
and the ecology and epidemiology likely to affect whether 
or not a specific zoonotic virus can spread widely in hu-
mans. These elements are also meant to capture factors 
likely to affect public health during a pandemic caused by 
a specific virus.

Definitions required for each element included scoring 
criteria that characterize viruses as low, moderate, and high 
risk to assist the experts in estimating a score on a scale 
of 1–10. For example, the definition of the element “An-
tivirals and Treatment Options” states, “For the purposes 
of the risk assessment tool, antiviral susceptibility refers 
to the predicted or demonstrated efficacy of available an-
tiviral agents against animal influenza viruses.” A low-risk 
score (1–3) for this element is defined as “no evidence of 
clinically relevant resistance to any of the antiviral drugs 
approved for human use (neuraminidase inhibitors and 
M2 blockers).” A moderate-risk score (4–7) is defined as 
“sensitive to all neuraminidase inhibitors but resistant to 
M2 blockers.” A high-risk score (8–10) for this element is  

defined as “resistant to one or more neuraminidase inhibi-
tor antiviral drugs.” All 10 elements have definitions for 
low-, moderate-, and high-risk scores.

Weighting of Risk Elements
Because not all risk elements are equally useful in answer-
ing each risk question, a weighting system had to be deter-
mined before the final risk score for each virus was gener-
ated. A key requirement for creating a weighting system 
was minimizing bias regarding the weighting of input from 
each expert’s field of study relative to that of others and 
reducing the difficulty of eliciting relative weights from 
experts when multiple attributes are compared. A surrogate 
weighting method was selected for this purpose (10). First, 
the expert panel was surveyed to determine a consensus 
rank ordering of the 10 risk elements if each risk question 
was asked separately. When asked to rank the elements 
when the “emergence question was considered,” 27 of 29 
subject matter experts agreed that evidence of human in-
fections is the “most important” of the 10 elements regard-
ing risk that a novel influenza virus can achieve sustained  
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Table 1. Risk element categories in the Influenza Risk Assessment Tool 
Category Risk element Description 
Virus properties Genomic variation Captures the degree of mutation and reassortment as a measure of the 

genetic diversity of a novel influenza virus; also captures presence or 
absence of known molecular markers denoting virulence 

Receptor-binding properties Virus-binding preference to glycans with sialic acid in α-2,6 (human) 
linkage at the terminal galactose when compared with viruses that bind to 

sialic acid by α-2,3 (avian) linkage 
Transmissibility in animal models Transmission of animal influenza viruses in >1 accepted animal models 

by direct contact or through respiratory droplets in the absence of direct 
contact 

Antiviral treatment susceptibility Predicted or demonstrated efficacy of available (approved for human use) 
antiviral agents against animal influenza viruses 

Host properties Population immunity Detection of preexisting cross-reactive serum antibodies acquired 
through prior infection or vaccination (examined in all age groups) 

Disease severity Spectrum of illness with infection by a novel influenza A virus in humans 
or in experimentally infected animal models as surrogates for human 

disease 
Antigenic relationship to vaccines Antigenic relatedness measured by hemagglutination inhibition or virus 

neutralization tests with postinfection ferret antiserum to emerging virus 
and seasonal vaccine and reference viruses 

Ecology and 
epidemiology 

Human infections Occurrence of human infections with animal influenza viruses, frequency 
of these human infections, and extent of human-to human transmission of 

these viruses 
Infections in animals The virus’s ability to infect animal species naturally, the number and 

diversity of those species, ability to maintain sustained natural 
transmission in those populations, and potential extent of exposure 

between humans and those animal species 
Global distribution (in animals) Spatial and temporal distribution of animal influenza viruses and the 

effect of animal production and management systems on the spread 
among animal populations and potential exposure to humans 

 

Figure 1. Alignment of the 
Influenza Risk Assessment Tool 
with a general microbial risk 
assessment framework. SME, 
subject matter expert.
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human-to-human transmission. The other 2 subject matter 
experts believed this element was “very important.” Second 
in importance was information regarding laboratory animal 
transmission studies; 26 subject matter experts thought this 
element was “most important” or “very important.” Third 
in importance was receptor binding information and popu-
lation immunity. Of least importance for the experts was 
information regarding antiviral and treatment options and 
disease severity; 24 of the 29 subject matter experts rated 
this element as “not relevant” for the question about the 
risk that a novel influenza virus can achieve sustained hu-
man-to-human transmission. 

The second risk question addresses the potential effect 
of a novel influenza virus on public health in the event that 
the virus achieved sustained human-to-human transmission 
(i.e., the impact question). Subject matter experts agreed 
that knowledge regarding disease severity ranked first (26 
ranked this element as “most important” and 3 ranked it as 
“very important”), followed by information pertaining to 
population immunity (21 ranked this element as “most im-
portant” and 8 ranked it as “very important”), human infec-
tions, and antiviral and treatment options in descending or-
der. Of least importance were the elements related to global 
distribution in animal species (16 ranked this element as 
“not relevant”) and infections in animals (11 ranked this el-
ement as “not relevant”). Although risk element definitions 
were the same for the emergence and impact questions, the 
rank order of the risk elements by experts differed for the 
2 questions.

This rank ordering of risk elements for the 2 questions 
facilitated the calculation of surrogate weights by using  
the formula

where K is the number of elements and Wk is the calculated 
weight to be applied to each risk element in rank order (10). 

Thus, the weight for the top-ranked element of the 10 total 
elements was calculated as 0.2929, and the lowest-ranked 
element was assigned a weighting score of 0.001. By con-
vention, the sum of all 10 weights in this example is 1.

Scoring
Using the framework of risk element definitions, scoring 
criteria, and rank-ordered surrogate weights, individual ex-
perts were asked to evaluate viruses by using a particular 
risk element within their field of expertise and to provide a 
point estimate score. The returned scores for each risk ele-
ment were averaged and then multiplied by the correspond-
ing surrogate weight, depending on the risk question being 
asked. A summation of the product of all 10 risk elements 
provided the final aggregate score for each virus. Tables 2 
and 3 show results of subject matter experts’ scoring of 3 
avian influenza viruses. The H1N1 subtype virus found in 
North American mallards was used as an example of an 
influenza virus that has not infected people and appears to 
be wholly avian in characteristics.

Addressing Uncertainty
Inherent in any risk assessment is the need to address un-
certainty. The IRAT attempts to capture this factor by ask-
ing subject matter experts to characterize uncertainty in 2 
ways. First, uncertainty is captured by each expert’s point 
estimate score on a scale of 1–10 (i.e., 1 representing the 
lowest level of risk and 10 representing the highest), along 
with an upper and lower boundary for their scores, thereby 
providing a range for their point scores. A second measure 
of uncertainty uses a confidence score from each expert; this 
score expresses the expert’s confidence in the available data 
used to make the point estimate. Finally, the subject mat-
ter experts were asked to provide a basis or justification for 
their risk scores. This justification could include key refer-
ences and data along with professional observations and ex-
periences. This approach was based on the assumption that 
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Table 2. Risk scores and ranked weighting applied to 3 influenza viruses for the question “What is the risk that a virus not currently 
circulating in the human population has potential for sustained human-to-human transmission?”* 

Element Wt 

HPAI H5N1 clade 1 
(A/VN/1203/2004) 

 

North American mallard 
influenza A(H1N1) 

(A/duck/NewYork/1996) 
 

Variant H3N2 
(A/Indiana/08/2011) 

RS Wt x RS RS Wt x RS RS Wt x RS 
Human infection 0.2929 5.67 1.66  2.33 0.68  4.33 1.27 
Transmission (laboratory animals) 0.1929 3.00 0.58  2.00 0.39  9.00 1.74 
Receptor binding 0.1429 3.30 0.47  2.00 0.29  8.30 1.19 
Population immunity 0.1096 8.67 0.95  3.00 0.33  3.67 0.40 
Infection in animals 0.0846 7.25 0.61  2.00 0.17  8.00 0.68 
Genomic variation 0.0646 4.00 0.26  3.00 0.19  8.00 0.52 
Antigenic relationship 0.0479 6.00 0.29  2.00 0.10  8.00 0.38 
Global distribution (animals) 0.0336 5.50 0.18  2.50 0.08  7.00 0.24 
Disease severity 0.0211 8.50 0.18  2.25 0.05  6.00 0.13 
Antiviral/treatment options 0.0010 4.50 0.00  2.25 0.00  2.50 0.00 
Total 1.0000  5.18   2.28   6.55 
*Wt, weight; HPAI, highly pathogenic avian influenza; RS, risk score. Weights are expressed to 4 decimal places because of the convention that the sum 
must be exactly 1. Sums for viruses may not be exact due to rounding. 
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subject matter experts using the same knowledge base will 
produce similar scores for each virus and narrow uncertain-
ty ranges unless data are insufficient or the experts have a 
fundamental disagreement in the interpretation of available 
data. The upper and lower bounds of the score for each risk 
element can be used to determine the highest or lowest (re-
spectively) risk score for a given virus. In addition, a sen-
sitivity analysis wherein the rank order of 2 risk elements 
can be swapped and the risk score recalculated on the basis 
of the new weights can be used to show the effect of these 
changes on a virus’s aggregate score. The level of uncertain-
ty is communicated in the final report of virus scores so that 
decision makers using the IRAT can use this information in 
their considerations. Even with these efforts to measure and 
communicate uncertainty, the numerical score produced by 
the IRAT may create a sense of precision that is unfounded. 
Anyone making decisions by using the IRAT scores needs to 
be reminded that the scores are semiquantitative.

Case Illustrations

H3N2v Virus
In July 2011, the Centers for Disease Control and Preven-
tion (CDC; Atlanta, GA, USA) confirmed the first human 
case of an influenza A(H3N2) variant [A(H3N2)v] virus 
that had acquired the matrix gene from the A(H1N1)pdm09 
virus. Eleven additional cases were reported during the rest 
of 2011, for a total of 12 confirmed cases in 5 states (11). A 
preliminary risk assessment using the IRAT was conducted 
on the basis of information gathered from these 12 cases 
and available laboratory data (Tables 2, 3). The H3N2v 
risk score for both the emergence and impact questions in 
December 2011 placed this virus in the moderate-risk cat-
egory; the summary scores for both questions were >5.0.

In 2012, a total of 309 cases of A(H3N2)v virus were 
reported from 12 states. In most cases, the putative source 
was direct or indirect contact with swine (12), with no 

evidence of community transmission. Studies conducted 
to assess population immunity (13–15) provided addi-
tional information regarding age groups considered at risk 
for infection. In 2013, subject matter experts rescored the 
H3N2v virus (Figure 2) in light of these and other avail-
able data. Although 321 confirmed cases were reported 
over 2 years, the summary scores for the virus were lower 
than those for the previous scoring. The risk score for the 
emergence question dropped from 6.5 to 6.1, and the risk 
score for the impact question dropped from 5.4 to 4.5. 
This reduction in the scores was caused primarily by in-
formation about population immunity. This information 
indicated that persons at greatest risk for infection were 
children, especially those <10 years of age; those 20–50 
years of age exhibited cross-reactive antibodies against 
this virus. In addition, the epidemiologic investigations of 
the 309 cases in 2012 showed that >90% of the patients 
were <18 years of age; of these cases, 16 hospitaliza-
tions and 1 death associated with A(H3N2)v virus were 
documented (16,17). These epidemiologic observations 
reinforced the population immunity data obtained in the 
laboratory and supported the virus’s decreased cumula-
tive risk score from its risk score in 2011.

H7N9 Virus
On March 31, 2013, the China Health and Family Planning 
Commission notified the World Health Organization of 3 
cases of human infection with influenza A(H7N9) virus 
(4). As of April 8, 2013, the China World Health Organiza-
tion Collaborating Centre for Reference and Research on 
Influenza, the China OIE (World Organisation for Animal 
Health) Reference Laboratory for avian influenza, and a 
provincial public health laboratory in China had identified 
and analyzed 7 virus isolates. The complete viral genome 
sequences of 6 isolates were deposited in a publicly acces-
sible influenza database, and additional human cases con-
tinued to be reported. 
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Table 3. Risk scores and ranked weighting applied to 3 influenza viruses for the question “If the virus were to achieve sustained 
human-to-human transmission, what is the risk that a virus not currently circulating in the human population has the potential for 
significant impact on public health?”* 

 
Element Wt 

HPAI H5N1 clade 1 
(A/VN/1203/2004) 

 

North American mallard H1N1 
(A/duck/NewYork/1996) 

 

Variant H3N2 
(A/Indiana/08/2011) 

RS Wt x RS RS Wt x RS RS Wt x RS 
Disease severity 0.2929 8.50 2.49  2.25 0.66  6.00 1.76 
Population immunity 0.1929 8.67 1.67  3.00 0.58  3.67 0.71 
Human infections 0.1429 5.67 0.81  2.33 0.33  4.33 0.62 
Antiviral/treatment options 0.1096 4.50 0.49  2.25 0.25  2.50 0.27 
Antigenic relatedness 0.0846 6.00 0.51  2.00 0.17  8.00 0.68 
Receptor binding 0.0646 3.30 0.21  2.00 0.13  8.30 0.54 
Genomic variation 0.0479 4.00 0.19  3.00 0.14  8.00 0.38 
Transmission (laboratory animals) 0.0336 3.00 0.10  2.00 0.07  9.00 0.30 
Global distribution (animals) 0.0211 5.50 0.12  2.50 0.05  7.00 0.15 
Infections in animals 0.0010 7.25 0.01  2.00 0.00  8.00 0.01 
Total 1.0000  6.60   2.38   5.42 
*Wt, weight; HPAI, highly pathogenic avian influenza; RS, risk score. Weights are expressed to 4 decimal places because of the convention that the sum 
must be exactly 1. Sums for viruses may not be exact due to rounding.  
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In April 2013, subject matter experts used the IRAT 
and its 10 individual risk elements to assess the potential 
pandemic risk for humans posed by the novel A(H7N9) 
virus. To address the risk of the virus to achieve human-
to-human transmission (emergence question), informa-
tion about the virus’s ability to transmit in laboratory 
animals was critical. This information was not available 
in mid-April 2013. The absence of information for this 
and other elements affected the scoring of the risk ele-
ments. The scoring for the virus’s potential for sustained 
human-to-human transmission was in the moderate-risk 
category, approaching 5.0 on a scale of 1–10 (Figure 2). 
The moderate-risk score perhaps emphasized missing in-
formation in >1 high-ranking element (Transmission in 
Laboratory Animals). For the impact question, the risk 
score was in the higher end of the moderate-risk range (4–
7), almost 6.0. Cautionary notes regarding interpretation  

of the scoring in the face of data gaps were included in the 
subsequent report.

A month later, in mid-May, a second scoring was con-
ducted among CDC subject matter experts (Table 4). At 
this time, preliminary results of studies assessing the virus’s 
ability to transmit between animals in a laboratory setting 
were available. This information and updated information 
pertaining to the other elements were incorporated into the 
evaluation process. The risk score for the virus to achieve 
sustained human-to-human transmission was 6.2. This score 
was higher than the previous score based on the preliminary 
evaluation in April, although both scores were still in the 
moderate-risk range (4–7). The risk score for the virus’s po-
tential to impact public health if it were to achieve sustained 
human-to-human transmission is 7.0, which falls in the up-
per limit of the moderate-risk range and which is higher than 
the preliminary score of ≈6.0 in mid-April (Figure 2).
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Figure 2. Influenza Risk Assessment Tool scores for 4 
influenza viruses on the basis of potential risk to achieve 
“sustained human-to-human transmission” (emergence) 
and potential risk “for significant impact on public health” 
(impact). Black squares in top right quadrant and lower 
left quadrant represent risk scores for H5N1 clade 1 and 
H1N1, respectively. White triangle represents risk score 
for H7N9 in mid-April 2013; white square represents 
risk score for the same virus in mid-May 2013. Gray 
triangle represents risk score for H3N2v as of December 
2011; gray square represents risk score for same virus 
in December 2012. Emergence risk is the risk summary 
score for the question, “What is the risk that a virus not 
currently circulating in the human population has the 
potential for sustained human-to-human transmission?” 
Impact risk is the risk summary score for the question, 
“If the virus were to achieve sustained human-to-human 
transmission, what is the risk that a virus not currently 
circulating in the human population has the potential for 
significant impact on public health?”

 

 

 
Table 4. Average risk point scores and ranked weighting applied to risk scoring of influenza A(H7N9) virus isolate A/Shanghai/1/2013 
for emergence and impact questions, April 2013 and May 2013* 

Emergence question 

 

Impact question 

Element Weight 
Average point scores 

Element Weight 
Average point scores 

Apr 2013 May 2013 Apr 2013 May 2013 
Human infections 0.2929 5.0 5.0  Disease severity 0.2929 9.0 8.5 
Transmission (laboratory 
animals) 

0.1929 1.0 7.0  Population immunity 0.1929 9.0 9.0 

Receptor binding 0.1429 6.7 6.3  Human infections 0.1429 5.0 5.0 
Population immunity 0.1096 9.0 9.0  Antivirals/treatment options 0.1096 5.4 5.8 
Infections in animals 0.0846 6.0 4.7  Antigenic relationship 0.0846 6.0 3.7 
Genomic variation 0.0646 8.6 8.6  Receptor binding 0.0646 6.7 6.3 
Antigenic relationship 0.0479 6.0 3.7  Genomic variation 0.0479 8.6 8.6 
Global distribution (animals) 0.0336 1.0 4.7  Transmission 

(laboratory animals) 
0.0336 1.0 7.0 

Disease severity 0.0211 9.0 8.5  Global distribution (animals) 0.0211 1.0 4.7 
Antivirals/treatment options 0.001 5.4 5.8  Infections in animals 0.001 6.0 4.7 
Weighted IRAT aggregate 
score 

 5.2 6.2  Weighted IRAT aggregate 
score 

 7.1 7.0 

*IRAT, Influenza Risk Assessment Tool. 
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During both rounds of scoring, the subject matter ex-
perts were asked to grade their level of confidence in the 
available data as it applied to their scoring. They generally 
expressed a greater confidence in their risk scores in May. 
For most elements, the risk scores differed little from those 
in the first round. However, in May, preliminary data were 
available for the risk element Transmission in Laboratory 
Animals and informed the risk score for this element. Al-
though the 2 scorings took place only 1 month apart, this 
change illustrates how a risk score can increase after avail-
ability of new data and emphasizes the necessity of reeval-
uating risk scores when new data become available.

Discussion
The IRAT is not a tool to assess widespread human season-
al influenza viruses that are already able to transmit from 
person to person; those viruses are more correctly assessed 
in terms of disease severity on a season-by-season basis 
(18). For seasonal influenza viruses, decisions have already 
been made regarding mass manufacturing and distribution 
of seasonal influenza vaccines. The IRAT assesses influ-
enza viruses that are not yet readily transmissible person 
to person for their potential risk of emergence and poten-
tial effect on the public’s health. Furthermore, the IRAT 
was not developed to predict the next pandemic influenza 
virus but rather to focus limited pandemic preparedness re-
sources on those viruses that are believed, on the basis of 
current knowledge, to have the greatest potential to cause a 
serious pandemic.

Developing an accepted, systematic method for evalu-
ating potentially pandemic influenza viruses to inform risk 
management decisions requires a framework capable of 
combining multiple data inputs and information. Concep-
tually, the IRAT follows the basic principles of microbial 
risk assessment frameworks but diverges from traditional 
methods. Microbial risk assessments typically identify and 
establish a working model that facilitates the analysis of 
dose responses and exposure estimates so that risks can be 
calculated and expressed in terms of likelihood, type, or 
magnitude. The IRAT focuses on a virologic assessment 
and prioritization. The development of the IRAT followed 
a process by which the components of a multiattribute de-
cision analysis method were adapted to the application of 
evaluating influenza viruses with pandemic potential. For 
example, the IRAT can provide subject matter expert con-
sensus input into decisions regarding whether to stockpile 
a particular influenza vaccine antigen in case it is needed. 
Although the IRAT can offer input into such a decision, it 
is not the only input.

Subject matter experts were called on to characterize, 
define, and capture the elements to consider when the IRAT 
was created. These subject matter experts, who generously 
brought years of experience, expertise, and familiarity with 

the published literature to the development of the IRAT, con-
tinue to play an integral part in its use and development. Be-
yond what is published, such experts in the global influenza 
community have insights regarding ongoing studies and re-
search that remain unpublished. The use of subject matter 
experts to provide input into the IRAT is critical for address-
ing the inherent data gaps and uncertainty in the available in-
formation regarding emerging influenza viruses. The 2 case 
illustrations show how new information is readily incorpo-
rated into the analysis and reflected in the risk assessments.

This tool can also be used to guide global investments 
in capacity building and to highlight information gaps that 
can help focus research initiatives to fill these gaps. Such 
use was seen in the consideration of the H3N2v subtype 
virus, wherein studies exploring population immunity pro-
vided insight into age groups at risk and lowered the risk 
score of the virus once that information gap was filled. Al-
though prediction of the next pandemic influenza virus is 
not yet possible, a systematic evaluation of emerging in-
fluenza A viruses with the IRAT has provided a more or-
derly prioritization of work on novel influenza viruses and 
a more judicious use of resources.

Missing information is clearly a vulnerability of the 
IRAT, as with any other risk assessment tool and as illus-
trated in the initial assessment of H7N9. Although some 
information may remain missing, the tool as designed in-
corporates weighting factors assigned to each element. To 
maximize the usefulness of the IRAT, information relating 
to the top-ranked elements, which carry the most weight, is 
the most helpful because these elements provide a greater 
proportion of the total risk score for a virus. However, even 
with missing or limited information, the IRAT can still 
provide useful insights about the potential risk posed by a 
novel influenza virus, particularly if the missing informa-
tion pertains to lower-weighted elements.

As it is envisioned, the IRAT will continue to evolve. 
Current definitions of the elements are considered to be 
working definitions to enable users to familiarize them-
selves with the tool and its applications. As technology ad-
vances, the elements likely will change to reflect increasing 
understanding of influenza viruses. We hope that this tool 
will prove useful to the international influenza community 
yet remain flexible and responsive to increases in knowl-
edge, understanding, and interpretation of potential risks 
posed by novel influenza viruses to human health.

Acknowledgments
We thank the many persons from the Influenza Division at CDC 
for their input into the development of the IRAT.

Dr. Trock is a veterinary medical officer in CDC’s Influenza 
Division. Her efforts focus on animal–human interface activities, 
particularly as they pertain to influenza.

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 21, No. 8, August 2015	 1377



RESEARCH

References
  1.	 Iskander J, Strikas RA, Gensheimer KF, Cox NJ, Redd SC.  

Pandemic influenza planning, United States, 1978–2008. 
Emerg Infect Dis. 2013;19:879–85. http://dx.doi.org/10.3201/
eid1906.121478

  2.	 Centers for Disease Control and Prevention. Swine influenza A 
(H1N1) infection in two children—Southern California, March–
April 2009. MMWR Morb Mortal Wkly Rep. 2009;58:400–2.

  3.	 Sonnberg S, Webby RJ, Webster RG. Natural history of highly 
pathogenic avian influenza H5N1. Virus Res. 2013;178:63–77. 
http://dx.doi.org/10.1016/j.virusres.2013.05.009

  4.	 World Health Organization. Human infection with influenza 
A(H7N9) virus in China. 2013 April 1 [cited 2015 Jun 10].  
http://www.who.int/csr/don/2013_04_01/en/index.html

  5.	 Parry J. H7N9 avian flu infects humans for the first time. BMJ. 
2013;346:f2151. http://dx.doi.org/10.1136/bmj.f2151

  6.	 Parkin, RT. Foundations and frameworks for microbial risk  
assessments. Prepared for the US Environmental Protection Agency 
National Center for Environmental Assessment. Washington: 
Center for Risk Science and Public Health, School of Public Health 
and Health Services, The George Washington University Medical 
Center. 2008.

  7.	 Trock SC, Burke SA, Cox NJ. Development of an influenza  
virologic risk assessment tool. Avian Dis. 2012;56:1058–61.  
http://dx.doi.org/10.1637/10204-041412-ResNote.1

  8.	 Dolan JG. Multi-criteria clinical decision support: a primer on  
the use of multiple criteria decision making methods to promote  
evidence-based, patient-centered healthcare. Patient. 2010;3: 
229–48. http://dx.doi.org/10.2165/11539470-000000000-00000

  9.	 Phillips LD. A theory of requisite decision models. Acta Psychol. 
1984;56:29–48. http://dx.doi.org/10.1016/0001-6918(84)90005-2

10.	 Edwards W, Barron FH. SMARTS and SMARTER: improved  
simple methods for multiattribute utility measurement. Organ 
Behav Hum Decis Process. 1994;60:306–25. http://dx.doi.org/ 
10.1006/obhd.1994.1087

11.	 Lindstrom S, Garten R, Balish A, Shu B, Emery S, Berman L,  
et al. Human infections with novel reassortant influenza A(H3N2)v 
viruses, United States, 2011. Emerg Infect Dis. 2012;18:834–7.

12.	 Epperson S, Jhung M, Richards S, Quinlisk P, Ball L, Moll M,  
et al. Human infections with influenza A(H3N2) variant virus in the 
United States, 2011–2012. Clin Infect Dis. 2013;57 
(Suppl 1):S4–11. http://dx.doi.org/10.1093/cid/cit272

13.	 Skowronski DM, Janjua NZ, Serres GD, Purych D, Gilca V, 
Scheifele DW, et al. Cross-reactive and vaccine-induced antibody 
to an emerging swine-origin variant of influenza A virus subtype 
H3N2 (H3N2v). J Infect Dis. 2012;206:1852–61. http://dx.doi.org/ 
10.1093/infdis/jis500

14.	 Waalen K, Kilander A, Dudman SG, Ramos-Ocao R, Hungnes O. 
Age-dependent prevalence of antibodies cross-reactive to the  
influenza A(H3N2) variant virus in sera collected in Norway in 2011. 
Euro Surveill. 2012;17:pii:20170. http://www.eurosurveillance.org/ 
ViewArticle.aspx?ArticleId=20170.

15.	 Centers for Disease Control and Prevention. Antibodies cross- 
reactive to influenza A (H3N2) variant virus and impact of the 
2010–11 seasonal influenza vaccine on cross-reactive antibodies—
United States. MMWR Morb Mortal Wkly Rep. 2012;61:237–41.

16.	 Jhung MA, Epperson S, Biggerstaff M, Allen D, Balish A,  
Barnes N, et al. Outbreak of variant influenza A(H3N2) virus in the 
United States. Clin Infect Dis. 2013;57:1703–12 10.1093/cid/cit649.

17.	 Centers for Disease Control and Prevention. Influenza A (H3N2) 
variant virus-related hospitalizations: Ohio, 2012. MMWR Morb 
Mortal Wkly Rep. 2012;61:764–7.

18.	 Reed C, Biggerstaff M, Finelli L, Koonini LM, Beauvais D, 
Uzicanin A, et al. Novel framework for assessing epidemiologic 
effects of influenza epidemics and pandemics. Emerg Infect Dis. 
2013;19:85–91.

 Address for correspondence: Susan C. Trock, Centers for Disease 
Control and Prevention, 1600 Clifton Road NE, Mailstop A20, Atlanta, 
GA 30329-4027, USA; email: sct1@cdc.gov

1378	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 21, No. 8, August 2015

Including:
• �Prisons as Reservoir for Community Transmission of Tuberculosis, Brazil 

• �Multidrug-Resistant Tuberculosis in Europe, 2010–2011 

• �Noninvasive Test for Tuberculosis Detection among Primates

• �Risk Factors for Death from Invasive Pneumococcal Disease,  
Europe, 2010 

• �Red Deer as Maintenance Host for Bovine Tuberculosis,  
Alpine Region 

• �Mycoplasma pneumoniae and Chlamydia spp. Infection in  
Community-Acquired Pneumonia, Germany, 2011–2012 

• �Epidemiology of Human Mycobacterium bovis Disease,  
California, USA, 2003–2011 

• �Evaluation of the Benefits and Risks of Introducing Ebola  
Community Care Centers, Sierra Leone

• �Regional Spread of Ebola Virus, West Africa, 2014 

http://wwwnc.cdc.gov/eid/articles/issue/21/3/table-of-contents

March 2015: Tuberculosis


