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Abstract

Despite research investment and a growing body of diverse evidence there has

been no comprehensive review and grading of evidence for public health emer-

gency preparedness and response practices comparable to those in medicine

and other public health fields. The National Academies of Sciences, Engineer-

ing, and Medicine convened an ad hoc committee to develop and use methods

for grading and synthesizing diverse types of evidence to create a single cer-

tainty of intervention-related evidence to support recommendations for Public

Health Emergency Preparedness and Response Research. A 13-step consensus

building method was used. Experts were first canvassed in public meetings,

and a comprehensive review of existing methods was undertaken. Although

aspects of existing review methodologies and evidence grading systems were

relevant, none adequately covered all requirements for this specific context.

Starting with a desire to synthesize diverse sources of evidence not usually

included in systematic reviews and using GRADE for assessing certainty and

confidence in quantitative and qualitative evidence as the foundation, we
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developed a mixed-methods synthesis review and grading methodology that

drew on (and in some cases adapted) those elements of existing frameworks

and methods that were most applicable. Four topics were selected as test cases.

The process was operationalized with a suite of method-specific reviews of

diverse evidence types for each topic. Further consensus building was under-

taken through stakeholder engagement and feedback The NASEM committee's

GRADE adaption for mixed-methods reviews will further evolve over time and

has yet to be endorsed by the GRADE working group.

KEYWORD S

evidence synthesis, GRADE, GRADE CERQυal, mixed-methods, systematic review

Highlights

What Is Already Known
There is no method for reviewing evidence and assessing the certainty of
mixed-methods systematic review findings in a single rating.

What Is New
Adapted from GRADE, a new method for synthesizing and assessing the cer-
tainty of mixed-methods systematic review findings in a single rating was
developed using evidence-based principles.

Potential Impact for Research Synthesis Methods Readers outside the
author's Field
The NASEM committee's GRADE adaption for mixed-methods reviews has
potential for use in any other field where diverse sources of evidence contrib-
ute to the evidence base. For the first time Guideline panels and decision-
makers can be presented with a single confidence of evidence rating for find-
ings from mixed-methods syntheses of diverse sources of evidence to inform
their decision-making.

1 | INTRODUCTION

As policy makers and practitioners have increasingly rec-
ognized the importance of having an evidence base to
tackle complex challenges, there has been a growing
movement among those who conduct systematic reviews
and develop guidelines to embrace methods that take a
complexity perspective and use multiple sources and
types of evidence, requiring a shift away from a focus on
simple, linear cause-and-effect models and related quan-
titative evidence, to “explore the ways in which interac-
tions among components of an intervention or system
give rise to dynamic and emergent behaviors”.1 p1 In the
context of public health emergency preparedness and
response, and in this paper, “intervention” refers to an
action or actions taken in either preparation or response
to a potential (future) or actual public health emergency.
Multiple dimensions of intervention complexity may be

considered in the evaluation of evidence, including com-
plexity of intervention, pathway, population, context, fea-
sibility, acceptability, cost, value, and implementation.2

Reviewers and guideline developers have been developing
and testing novel quantitative, qualitative, and mixed-
methods for systematic reviews and evidence synthesis and
grading to better capture complexity.2–6 Mixed-methods
research is defined by Pluye and Hong7 as “a research
approach in which a researcher integrates (a) qualitative
and quantitative research questions, (b) qualitative research
methods and quantitative research designs, (c) techniques
for collecting and analyzing qualitative and quantitative evi-
dence, and (d) qualitative findings and quantitative results.”
A mixed-methods synthesis can integrate quantitative, qual-
itative and mixed-methods evidence from primary studies.
Evidence from mixed-methods primary studies is usually
disaggregated into quantitative and qualitative evidence to
synthesize in method-specific reviews and appraised using
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method-specific quality appraisal tools. Appraisal tools are
available if wanting to appraise a mixed-methods primary
study.

In addition to research-based evidence, both quantita-
tive and qualitative, it is important in the context of pub-
lic health emergency preparedness and response practice
for the approach to evidence synthesis to make use of
experiential evidence, whether quantitative or (most
often) qualitative, such as that provided in case reports
and after action reports from past response scenarios.
After action reports are documents created by public
health authorities and other response organizations fol-
lowing an emergency or exercise, primarily for the pur-
poses of quality improvement.8 They contain narrative
descriptions of what was done but may also contain “les-
sons learned” (i.e., what was perceived to work well and
not well) and recommendations for future responses.
These evidence sources offer the potential for validation
of research findings in practice settings, as well as
improved understanding of context effects, trade-offs,
and the range of implementation approaches or compo-
nents for a given practice.

There are other categories of evidence that may also
play a role in supporting guideline development such as
modeling, mechanistic and parallel evidence. Modeling
(specifically decision modeling) is a quantitative
approach for simulating the benefits, harms, and costs of
interventions when applied to a theoretic population/
group of individuals. Modeling provides a formal meth-
odological approach for extrapolating from available evi-
dence to estimate what might happen in scenarios that
could occur, such as a pandemic. “Mechanistic evidence”,
which can be informed by both quantitative and qualita-
tive data, denotes relationships for which causality has
been established—generally within other scientific fields,
such as chemistry, biology, engineering, economics, and
physics—and that can reasonably be applied to other
contexts through mechanistic reasoning, defined in turn
as “the inference from mechanisms to claims that an
intervention produced” an outcome.9 p434 “Parallel evi-
dence” can be used to describe evidence on the effective-
ness of similar practices from outside the context being
examined. The consideration of supporting evidence from
analogy (e.g., similar interventions or analogous contexts)
was proposed by Sir Austin Bradford Hill10 and has been
resurrected in more recent discussions on evidence grad-
ing.11 We relied on existing systematic reviews to contrib-
ute parallel evidence to the process.

Review methods for complex interventions and sys-
tems have thus focused on the integration of diverse and
heterogeneous types of evidence from different types of
studies as well as from different categories of evidence or
“evidence streams”. Qualitative and quantitative evidence

may both contribute to understanding an intervention or
practice and ultimately what works, necessitating synthe-
sis approaches that combine these different types of evi-
dence.4,12 In some instances, guideline groups have
synthesized across diverse evidence streams by mapping
qualitative to quantitative findings or vice versa, so as to
better understand the phenomenon of interest.13–15 For
example, the World Health Organization in their 2018
guideline on Communicating risk in public health emer-
gencies, commissioned quantitative intervention effect
reviews, qualitative evidence syntheses and gray litera-
ture reviews. Findings and results from individual
reviews were integrated in an evidence to decision frame-
work and presented as a final mixed-methods synthesis.15

While there have been several frameworks developed
to assess the certainty and confidence in method-specific
types of evidence, to date no one has operationally syn-
thesized both quantitative and qualitative evidence inclu-
sive of that from direct hypothesis-testing quantitative
studies, qualitative studies, models, and mechanistic evi-
dence and parallel evidence streams to arrive a single cer-
tainty of evidence rating for a finding. The evidence
streams used by the committee in determining an overall
certainty of evidence are summarized in Table 1.

Knowledge regarding evidence-based practice is criti-
cally needed in Public Health Emergency Preparedness
and Response (PHEPR) given the mandate of the PHEPR
system to mitigate the health, financial, and other
impacts of public health emergencies. The PHEPR sys-
tem, with its multifaceted mission to prevent, protect
against, quickly respond to, and recover from public
health emergencies,16 is inherently complex and encom-
passes policies, organizations, and programs. This com-
plexity also stems in part from the nature of public health
emergencies, which are often unpredictable, may evolve
rapidly, and are highly heterogeneous with respect to set-
ting and type.17 Setting is not limited to geographic loca-
tion, but also encompasses the sociocultural and
demographic environment, as well as the characteristics of
the communities and the responding entities (e.g., organi-
zational structure, managerial experience, staff capabili-
ties, social trust, and other resources). PHEPR practices
themselves may also be complex, featuring multiple inter-
acting components that target multiple levels (e.g., individ-
ual, population, system), and with implementation that is
often tailored to local conditions.18

The PHEPR system draws on different evidence types
from a wide range of study designs and reports, from ran-
domized controlled trials to after action reports, and the
approach to evaluating the evidence needs to reflect that
diversity. For all of these reasons, assessing the evidence
base of public health emergency practices is an ideal
opportunity to develop and operationalize methods for
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synthesizing evidence across diverse streams and to
develop a single certainty of evidence rating for a finding.
The National Academies of Science, Engineering and
Medicine (NASEM) committee on Evidence-Based Prac-
tices for Public Health Emergency and Response set
about developing and using methods for grading and
synthesizing diverse types of evidence to create a single
certainty of intervention-related evidence to support
evidence-based recommendations for PHEPR practice.19

2 | METHODS

The committee included 20 methodological and subject
specific experts, and administrative oversight. Nine addi-
tional subject matter experts and one methodological
consultant advised the committee. Standard methods for
tool development were used including evidence and
expert review, methodological development by consensus
and feedback from the wider community of stakeholders
including the funder (Centers for Disease Control and
Prevention), evidence users, practitioners and methodolo-
gists, including representation from the GRADE working
group.20,21 The method for grading mixed-methods evi-
dence developed by the NASEM committee on Evidence-
based Practices for Public Health Emergency and
Response (“the committee”) involved adopting and/or
adapting existing established method-specific methods
for searching and assessing qualitative and quantitative
evidence from different types of studies and reports
(quantitative comparative studies, quantitative non-
comparative studies, qualitative studies, mixed-methods
studies, descriptive surveys, case reports and after action
reports) and then a novel method for synthesizing find-
ings across different evidence streams (intervention study

evidence, modeling evidence, mechanistic evidence and
parallel evidence). The primary literature search strategy
was restricted to emergency preparedness and response
interventions in public health settings only within a spec-
ified publication timeframe and inclusion was systematic
based on title and abstract review by two independent
reviewers. The steps followed are outlined in Table 2.

The committee heard from experts in the Grading of
Recommendations Assessment, Development, and Evalu-
ation (GRADE), which is used in WHO guidelines,14,21

the Community Preventive Services Task Force,22 the US
Preventive Services Task Force (USPSTF),23 the National
Aeronautics and Space Administration Integrated Medi-
cal model,24 the Clearinghouse for Labor Evaluation and
Research (CLEAR),25 the What Works Clearinghouse,26

the Evaluation of Genomic Applications in Practice and
Prevention (EGAPP),27 the National Highway Traffic
Safety Administration Countermeasures that Work,28

and considered other methods or frameworks for estab-
lishing causality (such as the criteria developed by Brad-
ford Hill). Having concluded that, while each evidence
grading system had its strengths, no one grading system
captured all of what the committee felt was necessary for
the requirements of this specific mixed-methods context.
The committee set out to develop its own method, an
adaption of GRADE* for mixed-methods evidence. *The
adaption has not yet been endorsed by the GRADE
working group.

The two overarching principles were:

1. To be grounded to the greatest extent possible in exist-
ing frameworks and evidence grading systems.

2. To be sufficiently flexible to accommodate evidence
from all the different streams considered important by
PHEPR stakeholders.

TABLE 1 Summary of evidence streams, study designs and type of data

Evidence stream Examples of study designs Type(s) of data

Intervention studies

Quantitative Comparative Controlled experiment; observational study Quantitative

Quantitative non-comparative Single arm experiment; post event or intervention survey Quantitative (note: surveys can also
provide qualitative)

Qualitative Phenomenological, generic qualitative research, grounded
theory,

Qualitative

Mixed-methods – Quantitative and qualitative

Case report – Quantitative and qualitative

After action report – Quantitative and qualitative

Modeling studies Decision models, simulations Quantitative

Mechanistic Post-event investigations Qualitative

Parallel Systematic evidence reviews Quantitative

4 CALONGE ET AL.



In keeping with the first principle, the committee
adopted the approach of the USPSTF and the Commu-
nity Preventive Services Task Force by a priori specifying
the analytic framework for each key question—a visual
depiction of the pathway between the interventions of
interest and the outcomes of interest. The analytic frame-
works then were used to identify the questions for the lit-
erature searches. These in turn were then performed
using methods standard to each evidence stream. Thus,
quantitative comparative studies were assessed using
standard risk of bias tools29 and then had the certainty of
evidence determined using GRADE,21 qualitative studies
had their methodological limitations assessed using the
Critical Appraisal Skills Programme (CASP) tool30 and
then had confidence in the evidence assessed using
GRADE-CERQual,31 modeling studies were assessed by
an expert in modeling methodology. Modeling studies
were not included in the bodies of evidence assessed with
the GRADE domains but were considered in the overall
certainty of evidence determination. We reviewed model-
ing studies to assess their methodological approach, data
sources, relevance to key questions, and implications for
public health practice. Based on this review, we selected
the most relevant studies for intensive review by a highly
experienced modeling expert who conducted a detailed
assessment of the strengths and limitations of the ana-
lyses. Descriptive case reports do not fit any specific ana-
lytic study design and generally report few details
concerning methods, and thus are not amenable to

quality assessment using tools designed for research
studies. Case reports and after action reports were catego-
rized as “high” or “low” priority using the significance
criterion of the AACODS (authority, accuracy, coverage,
objectivity, data, significance) checklist.32 An appraisal
tool for evaluating the methodological rigor of after
action reports published in 2019 (ECDC, 2018) was
applied.33 Figure 1 depicts how the literature review and
assessment of studies in different methodologic streams
was performed.

In keeping with the second principle, the method had
to consider more than just published evidence specifically
about PHEPR; public health stakeholders also considered
that mechanistic evidence and parallel evidence were
important in their decision-making. Mechanistic evi-
dence does not have a universally agreed-upon definition
but can be considered to be relationships for which cau-
sality has been established—often but not exclusively
from other scientific fields, such as chemistry, biology,
economics, and physics—which can then reasonably be
applied to the specific context. Mechanistic evidence is
often used, for example, in National Transportation
Safety Board determinations of what caused air traffic
accidents, such as the mid-flight explosion of TWA
Flight 800.34 An example in the field of Public Health
Emergency Preparedness is the recommendation to site
hospital auxiliary generators above the highest antici-
pated water line in flood prone areas, as opposed to
siting such generators in the hospital basement. The

TABLE 2 Steps and processes in the consensus development method

Step Process

1 Evidence review of current evidence grading methods

2 Public meetings to hear from experts on existing evidence evaluation and grading methods

3 Consensus development of an initial framework to grade evidence of different types in a single final rating

4 Select the review topic, considering published literature on gaps/priorities and stakeholder input.

5 Develop the analytic framework and key review questions.

6 Conduct a search of the peer-reviewed and gray literature and solicit papers from stakeholders.

7 Apply inclusion and exclusion criteria.

8 Separate evidence into methodological streams (quantitative studies, including comparative, noncomparative, and modeling
studies and descriptive surveys; qualitative studies; after action reports and case reports) and extract data.

9 Apply/adapt existing tools for quality assessment of individual studies based on study design.

10 Synthesize the body of evidence within methodological streams and apply an appropriate grading framework (Grading of
Recommendations Assessment, Development and Evaluation [GRADE] for the body of quantitative research studies and
GRADE-Confidence in the Evidence from Reviews of Qualitative Research [GRADE-CERQual] for the body of qualitative
studies to assess the certainty of the evidence [certainty of evidence]/confidence in the findings, respectively).

11 Consider evidence of effect from other streams (e.g., modeling, mechanistic, qualitative evidence) and support for or discordance
with findings from quantitative research studies to determine the final certainty of evidence.

12 Draft Recommendations taking account of the overall certainty of evidence.

13 Disseminate methods and findings for feedback to consolidate consensus.
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mechanistic reasoning in this example is that water seeks
its own level, and that flooded generators can short
circuit and not work. Therefore, siting the generator
above the high water line should reduce the possibility a
hospital will go powerless during a flood.

Parallel evidence refers to evidence about the effec-
tiveness of similar practices from outside the context of
interest, in this case PHEPR. It is related to the Bradford
Hill9 criteria of analogy, and somewhat related to the
GRADE domain of indirectness. But whereas indirect-
ness in GRADE normally refers to evidence about the
same intervention but using a different outcome (such as
an intermediate process outcome rather than a health
outcome) or a different population (such as middle-aged
adults when the population of interest is over age
65 adults) and is always used to downgrade the certainty
of evidence, as used by the committee (and consistent
with how Bradford Hill9 proposed using evidence by
analogy) parallel evidence can be about interventions
that may not be identical to the intervention of interest
in addition to being about other populations or outcomes,
and may be used to upgrade the certainty of evidence.
Parallel evidence in medicine is what allows us to con-
clude with high certainty that oral steroids relieve pain in
acute gout, because we know that intra-articular steroids

relieve pain in acute gout and oral steroids relieve symp-
toms in acute inflammatory exacerbations of almost
any kind.

The committee then applied and further improved the
NASEM committee's GRADE adaption for mixed-methods
evidence by using it to evaluate four PHEPR practices, pur-
posively chosen to represent the diversity of practices in
PHEPR. The four PHEPR practices, chosen using a formal
method explained in further detail in the report,19 were
(1) engaging with and training community-based partners
to improve the outcomes of at-risk populations after public
health emergencies, (2) activating a public health emer-
gency operations center, (3) communicating public health
alerts and guidance with technical audiences during a pub-
lic health emergency, and (4) implementing quarantine to
reduce or stop the spread of a contagious disease. Experi-
enced review groups were commissioned to search and crit-
ically appraise the literature in the different data streams.19

At the end of this stage, for each key question the
committee had before it the results of the identification
and critical appraisal of evidence from quantitative com-
parative studies, qualitative studies, case reports, after
action reports, modeling studies, parallel evidence, and
mechanistic evidence. Figure 2 depicts how these were
synthesized into a single certainty of evidence rating.

FIGURE 1 Classification and consolidation of studies into methodological streams. Abbreviations: AAR, after action report; CASP,

Critical Appraisal Skills Programme; certainty of evidence, certainty of the evidence; GRADE, Grading of Recommendations Assessment,

Development and Evaluation; HSDL, Homeland Security Digital Library; RoB, risk of bias.*Risk of bias assessment tools were developed by

adapting existing tools and/or published methods
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This started with an assessment of the quantitative com-
parative studies, using GRADE to determine an initial
certainty of evidence. GRADE certainty of evidence rat-
ings are based on assessments in five domains (risk of
bias, indirectness, imprecision, inconsistency, and publi-
cation bias) and have additional instructions for upgrad-
ing and downgrading (see Table 3). GRADE defines
certainty of evidence as follows:

• High certainty—We are very confident that, in some
contexts, there are important effects (benefits or
harms). Further research is very unlikely to change
our conclusion.

• Moderate certainty—We are moderately confident
that, in some contexts, there are important effects, but
there is a possibility that there is no effect. Further
research is likely to have an important impact on our
confidence and could alter the conclusion.

• Low certainty—Our confidence that there are impor-
tant effects is limited. Further research is very likely to
have an important impact on our confidence and is
likely to change the conclusion.

• Very low certainty—We do not know whether the
intervention has an important effect.

For qualitative studies, the committee used the stan-
dard framework synthesis method,35 which employs an
iterative deductive and inductive process, to analyze and
synthesize the findings.19 GRADE-CERQual31 was used
to assess the confidence in synthesized qualitative find-
ings. CERQual provides a systematic and transparent
framework for assessing confidence in individual review
findings, based on consideration of four components:

• methodological limitations—the extent to which there
are concerns about the design or conduct of the pri-
mary studies that contributed evidence to an individ-
ual review finding.

• coherence—an assessment of how clear and compel-
ling the fit is between the data from the primary stud-
ies and a review finding that synthesizes those data.

• adequacy of data—an overall determination of the
degree of richness and quantity of data supporting a
review finding, and

• relevance—the extent to which the body of evidence
from the primary studies supporting a review finding
is applicable to the context (perspective or population,
phenomenon of interest, setting) specified in the
review question.

FIGURE 2 Framework for integrating evidence to inform recommendation and guidance development for PHEPR practices. The

framework depicts two interconnected pathways for evaluating evidence for PHEPR practices. The lefthand panel (blue) shows our process

for integrating evidence from quantitative impact studies with other evidence that may inform what works to determine the certainty of the

evidence (certainty of evidence) of effectiveness for a given outcome. The certainty of evidence (for all relevant outcomes) feeds into the

righthand panel (white), which shows the pathways for integrating diverse evidence for various elements (evidence to decision elements)

that, along with context considerations, may inform the formulation of evidence-based practice recommendations and implementation

guidance. In cases in which the review is focused on implementation and not on determining the effectiveness of a practice, it is possible to

follow the pathway depicted in the righthand panel without assessing the certainty of evidence as shown in the left hand panel [Colour

figure can be viewed at wileyonlinelibrary.com]
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Based on these ratings, each synthesized finding was
then assigned an overall assessment as follows:

• High confidence—It is highly likely that the finding is
a representation of the phenomenon.

• Moderate confidence—It is likely that the finding is a
representation of the phenomenon.

• Low confidence—It is possible that the finding is a rep-
resentation of the phenomenon.

• Very low confidence—It was not clear whether the
finding is a representation of the phenomenon.

The committee then applied the GRADE adaption for
mixed-methods evidence by using the criteria in Table 4
to upgrade or downgrading certainty, based on the results
of the assessments from the other evidence streams. As
with GRADE and other systematic review and guideline

development processes, there is no algorithm or mathe-
matical model for determining the certainty of evidence
(such as based on the number and quality of included
studies). The assessment of the certainty of evidence is
based on the judgment of the evaluators. In some cases, a
single high-quality study may provide a high certainty of
evidence, while in others, having multiple RCTs with
consistent effects could yield a lower certainty of evi-
dence (e.g., due to indirectness). For transparency, the
committee worked to be clear about the rationale for up-
and/or downgrading decisions and the ultimate certainty
of evidence rating. Each additional source of evidence
was judged to be supportive, very supportive, inconclu-
sive (no conclusion can be drawn regarding coherence
because either results are mixed or the data are insuffi-
cient), or unsupportive (discordant with the findings
from quantitative impact research studies). The distinc-
tion between supportive and very supportive evidence
was based on the magnitude of the reported effect and
the directness of its application to the question and out-
come of interest. Mechanistic evidence, which does not

TABLE 3 Grading of recommendations assessment,

development and evaluation (GRADE) evidence evaluation

domains

GRADE domains for assessing certainty of the evidence

Downgrading domains

• Risk of bias—the potential for limitations in the study design
and execution to influence estimates of the intervention
effect. Risk-of-bias assessments for all individual studies are
included in the body of evidence.

• Indirectness—considers whether the available evidence
differs from the target of interest, including differences in
population, interventions, outcome measures (e.g., use of
surrogate outcomes removed in the putative causal pathway
from important endpoints), and comparison groups.

• Imprecision—when study results include relatively few
participants/events and thus have a wide confidence interval
(CI) around the estimate of effect.

• Inconsistency—unexplained heterogeneity of results across
studies.

• Publication bias—systematic underestimation or
overestimation of the underlying beneficial or harmful effect
due to the selective publication of studies.

Upgrading domains

• Large effect—considers whether an effect is large enough
that it cannot have occurred solely as a result of bias from
potential confounding factors.

• Dose–response gradient—refers to an observation of
progressively larger effect with greater exposure to the
intervention.

• Plausible residual confounding—if confounding is likely to
work counter to what the evidence demonstrates (would
decrease an apparent intervention effect or would create a
spurious effect when results suggest no effect), it may confer
greater confidence in the evidence.

TABLE 4 Matrix with the generalized approach to determine

the certainty of the Evidence (certainty of evidence)

Certainty of
evidence Decision Criteria

No change in
certainty of
evidence

Did not upgrade based solely on
evidence from case reports, surveys,
supportive evidence from modeling
evidence, or low-confidence
findings from qualitative evidence
synthesis.

Did not upgrade for supportive
parallel evidence when direct
evidence (from the PHEPR context)
was available that resulted in low
or moderate initial certainty of
evidence.

Did not upgrade if evidence raised
concerns about potential harmful/
undesirable effects.

Upgraded certainty of
evidence one level

Required very supportive mechanistic
or modeling evidence or
high-confidence findings from
qualitative evidence synthesis.

Upgraded certainty of
evidence two levels

Required a combination of supportive
(or very supportive) findings from
mechanistic, modeling, or
qualitative evidence.

Downgraded certainty
of evidence

Although we did not encounter this
scenario, evidence of harmful/
undesirable effects could warrant
downgrading the initial certainty of
evidence.
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lend itself to an assessment of magnitude of effect, was
determined to be supportive or very supportive based on
the counterfactual (i.e., how likely it is that an alternative
explanation accounts for the observed effect that has
been attributed to a specified mechanism of action).
While an observed reduction in disease transmission may
reasonably be attributed to quarantine based on its mech-
anism (i.e., separating individuals at risk of becoming
infectious from susceptible populations), other factors
(e.g., seasonal effects related to temperature and humid-
ity) may actually be responsible for the reduced spread.
In contrast, mechanistic evidence regarding the impact of
congregate quarantine was deemed very supportive as
there is no good alternative explanation for why infec-
tions would increase among those quarantined in the
congregate setting. A global judgment was made as to
whether there was sufficient supportive or unsupportive
evidence to warrant up- or downgrading the initial cer-
tainty of evidence. These initial ratings were performed
by the committee chair, in consultation with NASEM
staff members. These ratings were presented and dis-
cussed, one-at-a-time, to the full committee during a
face-to-face meeting, at which time revisions were made
with full committee input.

2.1 | Further consensus building
activities

Supporting Information, Data S1, provides details of addi-
tional dissemination and consensus building activities
through which the methods and recommendations were
presented and feedback invited. Supporting Information,

Data S2, outlines the impact and global reach of the con-
sensus report of the methodological development and
practice recommendations as of 21.12.21.

3 | RESULTS

Table 5 shows the yield of the literature searches for each
of the four PHEPR practices assessed, by the type of evi-
dence found. For one topic (activating a public health
emergency operations center) no quantitative evidence
was identified, and the committee did not believe it could
use the NASEM committee's GRADE adaption for asses-
sing certainty of evidence without at least some quantita-
tive evidence. Because of this, that topic was dropped
from the remainder of the analysis. As seen in Table 5,
there were substantial amounts of additional evidence in
data streams other than quantitative comparative studies,
but the types and amount differed across topics. So, for
example, there were many modeling studies about the
effects of quarantine, and none about any of the other
topics. Communicating alerts and guidance with techni-
cal audiences had relatively few qualitative studies com-
pared to the other topics. Parallel evidence was common
for the topic about engaging and training community-
based partners so we used this as a test case. We did not
attempt to identify parallel evidence for other topics as
the committee concluded it would not be applicable or
useful in the other test cases.

Table 6 shows the results of the synthesis of evidence
across the evidence streams into a single certainty of evi-
dence rating using the NASEM committee's GRADE
adaption for mixed-methods evidence. As noted above,

TABLE 5 Yield of literature searches for studies for four PHEPR topics

Evidence type

Number of Studies

Engaging with and
training
community-based
partners

Activating public
health emergency
operations

Communicating
public health alerts
and guidance with
technical audiences

Quarantine to
reduce or stop the
spread of a
contagious disease

Quantitative Comparative 7 0 2 9

Quantitative Noncomparative
(postintervention measure only)

4 0 0 4

Qualitative 23 21 8 16

Modeling 0 0 0 12

Descriptive Surveys 7 1 8 13

Case reports 15 29 12 28

After Action Reports N/A 35 29 N/A

Mechanistic N/A N/A N/A Yes

Parallel (systematic reviews) 13 N/A N/A N/A

CALONGE ET AL. 9
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this was done only for the topics that had quantitative
comparative evidence, since this is required as the initial
step of the process. For the majority of the conclusions
across all three topics, there was no difference between
the initial certainty of evidence rating, based on the
GRADE evaluation of the quantitative comparative evi-
dence, and the final certainty of evidence rating using the
NASEM committee's GRADE adaption for mixed-methods
evidence, either because there was no other evidence con-
sidered or because the other evidence was insufficient to
change the initial certainty of evidence, using the criteria
in Table 4. For one topic—quarantine—most initial cer-
tainty of evidence ratings were changed by the inclusion
of other evidence when the NASEM committee's GRADE
adaption for mixed-methods evidence was applied. In
most of these, the change in certainty of evidence was one
level, for example from an initial certainty of evidence of
Low to a final certainty of evidence of Moderate. In two
conclusions, the change was two levels, and we discuss
them in more detail here, to explain the reasoning for
these changes.

Example #1: Effect of quarantine on overall disease
transmission in the community: the role of mechanistic
evidence and modeling evidence. Change in certainty of
evidence from low to high.

The literature search yielded three quantitative com-
parative studies: a controlled before-and-after study of
home quarantine versus standard operating procedures
for control of influenza H1N1 at two Japanese auto facto-
ries; a retrospective analysis of the effect of quarantine on
the 2003 SARS outbreak in Toronto; and a retrospective
comparison of quarantine versus an undescribed sample
of people meeting quarantine criteria but not quaran-
tined during a measles outbreak in Switzerland. All stud-
ies had methodological limitations, and the body of
evidence was judged to have serious limitations due to
risk of bias and due to indirectness, yielding an initial
certainty of evidence of low. However, there is also a
mechanistic rationale to support that quarantine works—
for example the germ theory of disease is predicated on
the transmission of the germ from one host to another,
and the 18th century practice of requiring arriving ships
to quarantine at anchor for a period of time before allow-
ing any disembarkation. Added to this are the results of
numerous modeling studies that identify the circum-
stances of an infection that make quarantine more or less
effective (such as the reproductive number [R0], a short
incubation period, and a relatively short asymptomatic
period). These additional considerations resulted in a
determination that the certainty of evidence is high,
(applying the NASEM committee's GRADE adaption for
mixed-methods evidence) that quarantine can reduce
overall disease transmission in the community in certainT
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circumstances (such as the ones identified by the model-
ing studies).

Example #2: Effect of quarantine on financial hard-
ship for those quarantined: the role of mechanistic evi-
dence and qualitative evidence. Change in certainty of
evidence from low to high.

With regard to the potential harms of quarantine, the
literature search identified two quantitative studies, both
of them cross-sectional surveys of persons after epi-
demics, one of which was the 2003 SARS outbreak in
Toronto and the other after the H1N1 influenza epidemic
in Australia. Both surveys found that being placed in
quarantine led to financial difficulties in quarantined
individuals. This body of evidence was judged to be at
serious risk of bias, yielding an initial certainty of evi-
dence of low. However, there is also a strong mechanistic
rationale to support that quarantine may cause financial
hardship: some of the people being quarantined have
jobs, and some of the people with jobs will not be able to
work them while in quarantine, and some of these people
not working their jobs will get reduced or zero pay, and
thus face financial hardship. This finding is also strongly
supported by high confidence in qualitative evidence
from five studies, which found that people were often
placed in quarantine with little advance notice, which
affected their employment status and resulted in loss of
income. These additional considerations resulted in a
determination that the certainty of evidence is high
(applying the NASEM committee's GRADE adaption for
mixed-methods evidence) that a potential harm of quar-
antine is financial harm for quarantined individuals.

4 | DISCUSSION

We developed a method for rating the overall certainty of
evidence that could accommodate diverse types of evi-
dence including randomized trials, observational studies,
qualitative evidence, mechanistic evidence, modeling
studies, after action reports, and case studies. We are
unaware of any method for doing such an assessment
that existed prior to our work. We subsequently brought
these streams of evidence together, along with parallel
and mechanistic evidence where appropriate, in a single
integrated mixed-methods synthesis using a logic model
as the analytical framework for integration. We adopted
as the foundation for our layered grading approach the
widely used GRADE method for evaluating quantitative
evidence of effectiveness and the GRADE-CERQual
method for assessing synthesized qualitative findings.
The GRADE approach is used in WHO guidelines and to
date GRADE and GRADE CERQual assessments have
not been integrated into an overall assessment. However,

our NASEM committee's GRADE adaption for mixed-
methods evidence with an integrated certainty of evi-
dence assessment described here went beyond the
GRADE approach. Consequently, the use of GRADE and
GRADE-CERQual gives reviewers access to widely used
evidence evaluation tools that are regularly updated.

A key feature of our methodology to develop a single
certainty of evidence rating for a finding is that it had to
accommodate the broad range of evidence relevant to
PHEPR decision making and other similar fields. Incor-
porating evidence from evidence streams outside those
normally considered by GRADE was necessary for our
results to have face validity with the intended target audi-
ence and improved the assessment by being inclusive of
other types of recognized evidence. Such evidence
includes RCTs, nonrandomized experimental studies,
case reports, modeling studies, and descriptive surveys, as
well as mechanistic evidence and parallel evidence from
other fields. In assessing certainty of evidence in the four
PHEPR topics, we experienced challenges applying some
of the GRADE domains. GRADE is most suitable for dis-
crete interventions as is typical in clinical trials, but per-
haps less so for more complex areas where context and
the effect of multiple interventions are prominent study
characteristics36 We judged that it would not be concep-
tually appropriate to assume that an effect size existed
independent of context and implementation fidelity. Fur-
ther consideration of potential modifications to GRADE
or of alternative rating schemes that provide more
emphasis on non-RCT methods is warranted.

Although it is common for evidence review groups to
exclude studies based on study design or methodological
limitations in execution, we instead considered the
appropriateness of the study design and the quality of
execution as they related to the ability to address a spe-
cific review question. For example, qualitative research
methods were considered superior to quantitative
methods for certain tasks, such as describing the lived
experiences of people placed under quarantine or explor-
ing the ways in which multiple factors coalesce or con-
flict in the minds of decision makers choosing whether to
implement an emergency operations center. Since much
learning about what works and considerations for imple-
mentation accumulates through experience, it was
important for the mixed-methods synthesis approach to
accommodate experiential evidence, such as case reports
and after action reports, so as to corroborate research
findings in the NASEM committee's GRADE adaption for
mixed-methods evidence certainty of evidence determi-
nation and help to explain differences in outcomes in
practice settings (for example, by illustrating differences
in feasibility or acceptability across settings). However,
integrating evidence from after action reports and case

CALONGE ET AL. 13



reports presented its own challenges since these types of
reports rarely include clear outcome measures or clearly
elucidated cause-effect relationships. Moreover, such evi-
dence, even when derived in accordance with high meth-
odological standards, is subject to higher risk of bias
compared with evidence from randomized controlled tri-
als. We attempted to mitigate these risks by ensuring that
the methods used to assess the quality of evidence were
suited not just to the type of evidence being reviewed but
also to the purpose to which that evidence was to be put,
rather than holding every study to the same set of evalua-
tive criteria. For example, the quality threshold for apply-
ing evidence to an assessment of acceptability differed
from that for assessing effectiveness.

We also used a consensus-based judgment approach
for the NASEM committee's GRADE adaption for mixed-
methods evidence, which allowed the evaluators flexibil-
ity in the certainty of evidence determination process, a
potential limitation is poor interrater reliability
(i.e., others could arrive at different judgments given the
same set of diverse evidence).

An added challenge for our work was the lack of
existing quality assessment and grading methods for bod-
ies of descriptive surveys and case reports/after action
reports. For example, the appraisal tool for evaluating the
methodological rigor of after action reports published in
201933 was not useful in selecting reports to include in
the synthesis of after action reports and case reports
because of the generally low scores for the majority of
reports captured in the search. With improvements in the
methodological rigor of after action reports, however,
such tools could be helpful in selecting high-quality after
action reports for inclusion in future evidence reviews.
Consequently, some of the evidence streams used were
synthesized and graded, while others were not. Other
groups have adapted the GRADE and GRADE-CERQual
methods for these evidence types,13 but in the absence of
methods for integrating the assessments to generate a
composite rating, we chose not to grade bodies of descrip-
tive surveys and case reports/after action reports. Given
these gaps in evidence review methods, we took a prag-
matic approach to integrating the diverse evidence types
that were captured in its reviews, as described above.
However, as the methodological science behind mixed-
methods synthesis continues to evolve, it will be impor-
tant to update the methods. Thus, the methods presented
here should not be viewed as the final word in how
PHEPR topics should be systematically assessed, but
rather the starting point to be built on in future efforts.

Although models have been incorporated into past
evidence reviews, such as the Community Guide review
of school closure to reduce transmission of pandemic
influenza,37 this remains an active area of methodological

development and is also an intensive process. Conse-
quently, we undertook only a limited analysis. As
methods for review and integration of modeling evidence
are refined, the methodology applied will need to be
updated.

The use of mechanistic evidence in evidence synthe-
ses is uncommon, although evidence of biological mecha-
nisms of action is increasingly being incorporated into
reviews, for example, on pharmacological and toxicologi-
cal topics. This is another area requiring further method-
ological development, one that would benefit from the
efforts of a future guidelines development group to
further develop and refine the definition and test the
mechanistic upgrading assumptions.

For most of the interventions in our test cases, the
inclusion of additional streams of evidence did not substan-
tively change the overall certainty of evidence rating, while
being fairly resource intensive and requiring specific meth-
odological expertise. However, we applied the framework
to only four test cases out of a universe of at least dozens of
potential interventions across the CDC's 15 PHEPR
Capabilities, making it difficult to generalize our experi-
ence. And, where the certainty of evidence was upgraded,
it significantly impacted the recommendations. Also, the
other evidence streams also informed and impacted the
Evidence to Decision portion of the implementation
guidance and practice recommendations section of the
framework (see Figure 2). Additional application of
the framework will provide a better evaluation of the
additional value of being inclusive of different evidence.

5 | CONCLUSION

The NASEM committee's GRADE adaption for mixed-
methods evidence provides a system for integrating and
assessing diverse streams of evidence into a single confi-
dence in the evidence rating. The methods were subject
to initial testing in four reviews of interventions for pub-
lic health emergency preparedness. We hope that over
time, and as reviewers gain more experience of using a
single certainty of evidence rating for a finding that the
NASEM committee's GRADE adaption for mixed-
methods evidence will further evolve with rigorous test-
ing. The GRADE methodology is continually refined
through the work of the GRADE working groups, one of
which is actively developing methods for assessing the
certainty of the body of evidence for complex health and
social interventions.38–42 Further testing is needed. Just
as the GRADE system used in 2021 is a different and
much-improved version of the original GRADE system
proposed in 2001, we expect that over time further testing
wll identify aspects of our proposed method that can be
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improved. The adaption has yet to be endorsed by the
GRADE working group.
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