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Abstract

Objectives: Diagnostic delays are a major source of
morbidity and mortality. Despite the adverse outcomes
associated with diagnostic delays, few studies have
examined the incidence and factors that influence diag-
nostic delays for different infectious diseases. The objec-
tive of this study was to understand the relative frequency
of diagnostic delays for six infectious diseases commonly
seen by infectious diseases (ID) consultants and to
examine contributing factors for these delays.
Methods: A 25-item survey to examine diagnostic delays
in six infectious diseases was sent to all infectious diseases
physicians in the Emerging Infections Network (EIN) who
provide care to adult patients. Diseases included (1) tuber-
culosis, (2) non-tuberculous mycobacterial infections, (3)
syphilis, (4) epidural abscess, (5) infective endocarditis,
and (6) endemic fungal infections (e.g., histoplasmosis,
blastomycosis).
Results: A total of 533 of 1,323 (40%) EIN members
responded to the survey. Respondents perceived the
diagnosis not being considered initially and the appro-
priate test not being ordered as the two most important
contributors to diagnostic delays. Unusual clinical pre-
sentations and not consulting ID physicians early enough
were also reported as a contributing factor to delays. Re-
sponses recorded in open-text fields also indicated errors

related to testing as a likely cause of delays; specifically,
test-related errors included ordering the wrong laboratory
test, laboratory delays (specialized labs not available at the
facility), and lab processing delays.
Conclusions: Diagnostic delays commonly occur for the
infectious diseaseswe considered. The contributing factors
we identified are potential targets for future interventions
to decrease diagnostic delays.

Keywords: consultation; diagnostic delays; infectious
diseases.

Introduction

Diagnostic delays are a major source of morbidity and
mortality [1–4] and are underappreciated as a cause of
patient injury [2, 5]. Diagnostic delays occur for a wide
spectrum of diseases, but they are especially important to
consider for infectious diseases. At the individual level,
even short delays in diagnosis and treatment can result in
increased morbidity for some infectious diseases (e.g.,
endocarditis, epidural abscesses) [6–8]. From a public-
health perspective, delays in the diagnosis of communi-
cable disease (e.g., tuberculosis, syphilis) can generate
additional cases [9]. In addition, infectious diseases, unlike
many other diseases, can result from specific environ-
mental exposures (e.g., exposure to vector-borne disease
from soil exposure or from travel to an endemic area) or
specific behaviors or practices (e.g., intravenous drug use).
The failure to consider these important risk factors in the
diagnostic process may dramatically increase delays
leading to worse outcomes [10].

Many infectious diseases are difficult to diagnose due
to variable presentations and the limitations of diagnostic
testing. Many signs and symptoms (e.g., fevers and chills)
are nonspecific markers of inflammation that are shared
across many different infections regardless of the path-
ogen. Accordingly, many different infections may initially
appear with a similar clinical presentation. For example,
potentially life-threating bacterial infections may be
initially indistinguishable from common self-limited viral
infections. Furthermore, when common pathogens are not
revealed by common tests like blood cultures/urine cul-
tures or PCR assays, providers must invoke less common
diagnoses in the differential diagnosis to order the

*Corresponding author: Manish Suneja, MD, Department of Internal
Medicine, University of Iowa Carver College of Medicine, Iowa City, IA
52245, USA, Phone: +1 319 3561616, E-mail: manish-
suneja@uiowa.edu
Susan E. Beekmann, Department of Internal Medicine, Carver College
of Medicine, University of Iowa, Iowa City, IA, USA
Gurpreet Dhaliwal, Department of Medicine, University of California
San Francisco School of Medicine, San Francisco, CA, USA; and
Medical Service, San Francisco VA Medical Center, San Francisco, CA,
USA
AaronC.Miller,Department of Epidemiology, College of Public Health,
University of Iowa, Iowa City, IA, USA
PhilipM. Polgreen,Department of InternalMedicine, Carver College of
Medicine, University of Iowa, Iowa City, IA, USA; and Department of
Epidemiology, College of Public Health, University of Iowa, Iowa City,
IA, USA

Diagnosis 2022; aop

https://doi.org/10.1515/dx-2021-0092
mailto:manish-suneja@uiowa.edu
mailto:manish-suneja@uiowa.edu


appropriate second line microbiologic testing (e.g.,
zoonosis serology). However, these specific diseases must
be considered on the differential diagnosis in order for the
appropriate test to be ordered.

Diagnostic delays are difficult to quantify, and the
incidence of such delays is unknown for many infectious
diseases. Traditional approaches to identify diagnostic
delays are resource intensive (e.g., chart review) [6, 11–13]
or of limited scope (e.g., autopsy ormalpractice claims) [11,
12, 14]. An alternative approach for identifying and inves-
tigating diagnostic delays is to query clinicians about their
personal observations pertaining to diagnostic delays. The
objective of this study was to understand the relative fre-
quency of diagnostic delays for six infectious diseases
commonly seen by infectious diseases (ID) consultants and
to examine contributing factors for these delays.

Materials and methods

Survey description

A 25-item survey was developed to examine diagnostic delays for six
infectious diseases. The six diseases were chosen from a larger list of
diseases that could be diagnosed either by serologic or microbiologic
testing and occur in a sufficient volume for themajority of members to
see commonly in their clinical practice. We excluded common infec-
tious diseases for which infectious disease consultations may not be
routinely requested (e.g., pneumonia).

The survey questions were refined based on iterative revisions
and pilot testing by multiple members of the Emerging Infections
Network (EIN). For each disease, we selected four questions and one
open-ended question to limit the total length of the survey. These four
questions related to different aspects of observed diagnostic delays.
The survey is available at: https://ein.idsociety.org/surveys/survey/
116/.

Survey questions addressed diagnostic delays that respondents
had encountered in their practice pertaining to (1) tuberculosis, (2)
non-tuberculous mycobacteria, (3) syphilis, (4) epidural abscess, (5)
infective endocarditis, and (6) endemic fungal infections (e.g., histo-
plasmosis, blastomycosis). For each disease category, there was an
“opt out” option for responding physicians who believed they saw too
few cases in that specific category to provide an objective assessment.

The same four questions were asked for each infectious disease
category, including perceived frequency of diagnostic delays,
assessment of timing of ID consultation, the impact of late ID
consultation requests, and the most common contributor to observed
diagnostic delays. A diagnostic delay was defined as “a case where
sufficient data were available to make the correct diagnosis at an
earlier point in the course of a patient’s illness” [15]. Relative frequency
of diagnostic delays was categorized as: rarely (1–2 cases ever);
infrequently (1 case every few years); occasionally (a few cases each
year); commonly (several cases each month). Timing of ID consulta-
tions was categorized as: too early, at the right time, or too late. The
impact of late ID consultation requests was categorized as: no impact
(no effect at all), minor impact (patient dissatisfaction orminor delay),

moderate impact (prolonged hospitalization/short-termmorbidity), or
major impact (permanent disability/life-threatening event). Finally,
the options for diagnostic-delay contributors included: diagnosis not
considered initially, specific tests (e.g., cultures, serologies) not or-
dered, missing data (e.g., travel history, immune status), unusual
presentation, or none of the above. The final question of the survey
was an open-ended query where physicians were instructed to submit
the most frequently seen diagnostic delays in their practice.

Survey administration and analysis

The Centers for Disease Control and prevention established the EIN as
a sentinel network of ID physicians in North America [16, 17]. The EIN
maintains a member database that includes professional character-
istics such as adult or pediatric practice, years in ID practice,
geographic location, hospital type, and size. This survey was distrib-
uted via email to all EIN members who provide care to adult patients.
The survey was open from October 16 to November 9, 2019. After the
initial survey distribution, two email reminders were sent to non-
respondents at weekly intervals. The response denominator includes
EINmembers who have ever responded to an EIN survey (which is the
customary reporting practice in previous EIN survey reports). Differ-
ences in frequencies were analyzed for statistical significance using
chi-square tests, Student’s t-tests, and Mann-Whitney U tests. A
p-value of less than 0.05 was statistically significant. Statistical ana-
lyses were performed using SAS version 9.4 software (SAS Institute,
Cary, NC).

Results

Characteristics of respondents

Overall, 533 of 1,323 (40%) EIN members who have
responded to EIN surveys in the past responded to the
survey. Practice characteristics for respondents and non-
respondents are shown in Table 1. The survey response rate
was significantly higher from physicians who had been
practicing for more than 25 years and from physicians
affiliated with the Department of Veterans Affairs.

Frequency of diagnostic delays

The most frequently encountered diagnosis in the re-
spondents’ practices where they reported diagnostic delay
were infective endocarditis (n=394, 74%) and epidural ab-
scess (n=371, 70%) (Table 2). Forty-nine percent of the re-
spondents opted out of answering diagnostic delay
questions about endemic fungal infections in their practice.
Diagnosticdelaysweremost frequently reported as common
for endemic fungal infections (30% of respondents), tuber-
culosis (28%), and nontuberculousmycobacterial infections
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(27%) (Figure 1). Most respondents reported that diagnostic
delays for syphilis were rare.

Timing of ID consultation requests

ID physicians believed that consultation requests were
too late most often for endemic fungal infections (42%
of respondents), followed by consultation requests for

non-tuberculous mycobacteria (29%) (Figure 2). Consul-
tation requests for endocarditis were believed to occur at
the right time by 76% of respondents. When ID physicians
were consulted too late, they believed that the delay
typically resulted in amajor impact for epidural abscesses
(29% of respondents) and infective endocarditis (20%)
(Figure 3). Late ID consultations for syphilis were believed
to have either no impact or minor impact by 57% of
respondents.

Contributing factors for diagnostic delays

Across all six infectious diseases, the two most important
contributors to diagnostic delays (as selected from pre-
specified options in the penultimate survey question)were:
the diagnosis not being considered initially (37–58%) and
the appropriate test not being ordered (14–41%) (Figure 4).
Missing data (e.g., travel history or immune status) and
unusual clinical presentations were also reported as con-
tributors to diagnostic delays.

Themes from the open-ended comments
field

One-hundred ninety-four respondents also offered re-
sponses to the free text field asking about the diagnostic
delays seen most frequently in individual practices. Some
respondents reported specific diseases while others re-
flected on factors contributing to delays. Themost common
diseases mentioned were tuberculosis (n=25 respondents),
fungal infections (n=18), HIV (n=15), endocarditis (n=12),
syphilis (n=10), and epidural abscesses (n=8). In addition,

Table : Characteristics of respondents’ ID practices.

Responders
n=

n (row %)

Non
respondents

n=
n (row %)

U.S. Census Bureau Division
New England  ()  ()
Mid Atlantic  ()  ()
East North Central  ()  ()
West North Central  ()  ()
South Atlantic  ()  ()
East South Central  ()  ()
West South Central  ()  ()
Mountain  ()  ()
Pacific  ()  ()
Canada and Puerto Rico  ()  ()

Years since infectious disease fellowship
<  ()  ()
–  ()  ()
–  ()  ()
≥a

 ()  ()
Employment
Hospital/clinic  ()  ()
Private/group practice  ()  ()
University/medical school  ()  ()
Veterans Affairs and militarya  ()  ()

Primary hospital type
Community  ()  ()
Veterans Affairs/Department of
Defensea

 () ()

Non-university teaching  ()  ()
University  ()  ()
City/county  ()  ()

Primary hospital bed size
<  ()  ()
–  ()  ()
–  ()  ()
–  ()  ()
>  ()  ()

aRespondents were significantly more likely than non-respondents to
have ≥ years of ID experience (p<.), to be employed by the
federal government (Veterans Affairs or military) (p=.), and to
work in a Veterans Affairs or Department of Defense hospital
(p=.).

Table : ‘Opt out’ of answering based on frequency with which
specified infection is seen by the reporting ID physician.

Infection Do not see
enough to

answer
n (row %)

Questions
on this

infection
answered
n (row %)

Infective endocarditis  ()  ()
Epidural abscess  ()  ()
Syphilis  ()  ()
Nontuberculous mycobacterial
infections

 ()  ()

Tuberculosis  ()  ()
Endemic fungal infections (e.g.,
histoplasmosis, blastomycosis)

 ()  ()
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24 respondents commented on delays caused by send-out

laboratory tests or reference laboratory tests not done

onsite at their institution, and 12 respondents provided

comments about delays in getting ordered tests performed,

e.g., no testing done on weekends or delaying a biopsy so

that it can be done as an outpatient rather than during a

hospitalization.

Discussion

This is the largest survey of infectious disease physicians,
to our knowledge, to assess their experience with diag-

nostic delay and perceived causes of these delays in six

infections commonly seen by ID consultants. Among the

infections we investigated, diagnostic delays were most

Figure 1: Relative frequency of diagnostic delays as reported by infectious diseases (ID) physicians.

Figure 2: Timing of infectious diseases (ID) consultation requests as reported by ID physicians.
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frequently reported for infective endocarditis and epidural
abscesses. In contrast, reports of diagnostic delays for
syphilis were uncommon. Among physicians who reported

seeing a sufficient volume of patients to comment, delays

were commonly reported for endemic fungal infections

(e.g., histoplasmosis, blastomycosis), tuberculosis, and

Figure 3: Impact of late infectious diseases (ID) consultation requests.

Figure 4: Common contributing factors for diagnostic delays.
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non-tuberculous mycobacterial infections. Overall, re-
spondents cited diagnostic-test-related failures as the
leading cause of diagnostic delays for the diseases
considered. Other reported contributing factors to diag-
nostic delays included missing data (e.g., travel history,
immune status) and unusual clinical presentations.

Diagnostic delays in endocarditis, epidural abscesses,
tuberculosis, and histoplasmosis have been previously re-
ported. Studies of malpractice claims frequently highlight
both endocarditis and epidural abscesses [3, 14, 18, 19]. This
is not surprising given the high morbidity, mortality, and
potential for lasting disability associated with both of these
infections. For both infective endocarditis and epidural ab-
scess, the prompt administration of appropriate antibiotics
is critical, and urgent or emergency surgery may be needed.
For tuberculosis, reports in several different countries with
varying levels of disease activity report diagnostic delays
[20–22]. Also, diagnostic delays have been previously
described for histoplasmosis in case reports [23, 24] and in
studies using insurance claims [25]. However, to the best of
our knowledge, no large population-based studies exist for
nontuberculous mycobacterial infections. Given that both
endemic fungal infections and nontuberculous mycobacte-
rial infections are associated with newer immunosuppres-
sive therapies (i.e., biologics) [26, 27], as these infections
become more common, understanding their diagnostic de-
lays may be increasingly important. Finally, because syph-
ilis can mimic several other diseases and syndromes, we
were somewhat surprised that respondents did not report
observing frequent diagnostic delays. This could be due to
improved screening efforts, especially in people living with
HIV, alternatively, it may be secondary to the widespread
availability of diagnostic screening and testing algorithms
as well as the rapidity of testing (results, which are often
available at the point of care or within hours).

Collectively, our results from both structured ques-
tions and free-text responses suggest that the most
important contributor to diagnostic delays for the infec-
tious diseases we considered was diagnostic-testing fail-
ures. The testing failures cited by respondents occur during
multiple stages of the testing process. In addition to the
failure to order the correct test, respondents reported
problems with specimen processing, test performance,
interpretation, and follow-up. These findings are espe-
cially concerning because, in our prior work, we found that
an increasing number of hospitals are using off-site labo-
ratories [28]. Another potential testing-related failure re-
ported was other physicians declining to perform
appropriate testing, including biopsies for definitive diag-
nosis or acting on potential disincentive to do a procedure/
testing while the patient was an inpatient. In such cases,

the diagnosis was suspected but could not be adequately
verified. Accordingly, for some diseases, a team-based
multidisciplinary collaborative approachmay beneeded to
help decrease diagnostic delays. The value of ID consul-
tation has been demonstrated for many complex infectious
diseases (e.g., Staphylococcus aureus bacteremia and
endocarditis) [29, 30]. Enhanced communication and
teamwork is often necessary when biopsies or surgical in-
terventions are needed to make a diagnosis. Responses
from our query also suggest that improving the commu-
nication during transitions of care from inpatient to
outpatient teams is another important area for improving
the diagnostic process.

While not as common as testing-related failures,
diagnostic failures associated with clinician assessment
were also reported. Such cognitive errors include not
considering a diagnosis ( hypothesis generation) and not
giving approprate weight to a condition in the differential
diagnosis [5, 31]. In the open response section of the survey,
multiple cognitive factors were mentioned: diagnosis not
considered by the treating physician, failure to seek help
from a specialist early on, limited history (lack of social
history) or physical examination by the treating provider,
treating with antibiotics without a clear diagnosis, over-
reliance on test results (e.g., “negative echo means no
endocarditis”), and premature closure (diagnosis without
appropriate verification). Use of antimicrobial drugs
without a clear diagnosis has been associated with an
increased risk for delayed andmasked ormissed diagnoses
of infectious diseases andnon-infectious diseases [32]. This
problem may also contribute to the emergence of antimi-
crobial resistance.

Our results suggest that infective endocarditis and
epidural abscess are two high-priority diseases that would
benefit from more in-depth investigations and targeted
interventions. While both diseases can be caused by
similar bacteria and share some diagnostic approaches
(e.g., the need for blood cultures and imaging), disease-
specific questions need to be addressed in future studies to
design interventions to decrease diagnostic errors.

Responses to our survey support the consideration of
multidisciplinary care teams to help address the potential
need for and timing of surgery. For tuberculosis, diagnostic
tests exist, but there is some delay (e.g., with skin testing,
access to point-of-care testing for IGRA). Furthermore,
these tests do not differentiate between latent and active
tuberculosis, necessitating multiple visits and interpreting
lab results in the context of clinical presentation. The most
common signs and symptoms for tuberculosis overlapwith
other respiratory diseases, complicating efforts to make a
timely diagnosis. Histoplasmosis shares many of the same
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clinical features as tuberculosis and thusmany of the same
diagnostic challenges. Both diseases can be re-activated
and exposures may be remote from disease presentation.
Gathering relevant exposure and risk factor information (a
delay factor that was noted by many respondents) are
important for tuberculosis and histoplasmosis. Given the
several potential testing-related failures noted by mem-
bers, tuberculosis and histoplasmosis are two diseases that
would benefit from more generally available rapid di-
agnostics that do not require off-site testing. Finally, given
the lack of existing literature regarding diagnostic delays
for non-tuberculous mycobacterial infections, in compar-
ison to the other infections we considered, there is clearly a
need for more investigation.

Our study has several limitations. First, as with all
voluntary surveys, selection bias could yield results that
are not generalizable to all ID specialists. Second, our re-
sults may be subject to a response bias and survey answers
may not accurately reflect clinical practice. We did not
independently review medical records of reported cases
and relied exclusively on respondents’ recall. Third, a
sizable minority of respondents did not see a sufficient
volume of patients with a particular infection to enable
them to comment on the frequency of diagnostic delays
(they “opted out” of questions concerning those specific
infections). However, our overall response rate is similar to
previous EIN surveys [17]. Fourth, although we considered
multiple infectious diseases, our results to not include es-
timates of the duration of delays for different infectious
diseases nor do they provide population-based estimates of
the incidence of diagnostic delays for different infections
across multiple healthcare settings. Finally, we are unable
to capture the clinical and public health consequences of
diagnostic delays. All of these factors will be important for
future investigations to further inform and prioritize in-
terventions to decrease diagnostic delays.

Despite our limitations, our results highlight several
different infectious diseases for which diagnostic delays
commonly occur. Delays occur for multiple reasons
including not initially considering the diagnosis, limita-
tions of testing, unusual clinical presentations, and failure
to consult ID physicians earlier in the diagnostic process.
These results highlight potential directions for future in-
terventions to decrease diagnostic delays.
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