PREMISE

Common pitfalls in the
diagnosis and management
of bacterial infections

A review of the literature to determine how clinicians may fall victim to
cognitive traps when working through the diagnostic and therapeutic
process, with guidance on how to avoid these pitfalls when managing
adult patients with suspected infections.

Davie Wong, MD, FRCPC

ABSTRACT: Diagnosing infectious diseases
is often not straightforward. Clinicians may
be misled by nonspecific or irrelevant symp-
toms and signs, and they may misinterpret test
results. The appropriateness of the prescribed
treatment hinges entirely on the accuracy of
the working diagnosis. Even when the diag-
nosis is correct, pitfalls are frequently encoun-
tered during the management stage of the
infection. This review of the literature shows
how clinicians may fall victim to cognitive traps
when working through the diagnostic and
therapeutic process and provides guidance
on how to avoid these pitfalls when manag-
ing adult patients with suspected infections.

nfections are one of the most com-
mon conditions encountered in both
inpatient and outpatient settings, with
infections of the respiratory tract, urinary
tract, and integumentary system frequently
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diagnosed.’” Proving the presence of an
infection is not usually possible in routine
clinical practice, because a biopsy of the
affected tissue or organ is needed to demon-
strate histological invasion and the destruc-
tion of host cells by pathogens. Therefore,
medical practitioners rely on history, physi-
cal exam findings, and laboratory tests to
determine whether an infection might
exist. This data-gathering process is akin
to the work of a detective putting together
pieces of the puzzle to solve a diagnostic
mystery. Sometimes the puzzle pieces don't
fit perfectly with each other, irrelevant or
distracting information clouds the clinical
picture, or not all of the data are available
for a clinician to be 100% confident about
the diagnosis. The threshold at which diag-
nostic certainty impacts a clinical decision
varies from person to person. Some might
be comfortable proceeding with treatment
when they are only 50% confident about the
diagnosis, while others might need more
certainty before doing so. Unlike the diag-
nosis of malignancies, where tissue biopsy
(the gold standard) is required to confirm
the disease before prescribing chemothera-
py, the diagnosis of common bacterial infec-
tions is typically made without confirmation
when antibiotic treatment is initiated.

If we cannot prove with a tissue biopsy
that an infection is present, how often do we
get the diagnosis wrong? And, consequently,
how often are we mistreating patients with

antibiotics? I will consider these questions
using three common infections as examples:
respiratory tract infections, urinary tract
infections, and skin and soft tissue infec-
tions. These examples and the studies ref-
erenced apply to adult patients only.

Respiratory tract infections
Consider this scenario: “A previously healthy
35-year-old woman who smokes tobacco
presents with 5 days of fatigue, productive
cough, worsening shortness of breath, tem-
peratures to 38.9 °C, and decreased breath
sounds in the lower right field. She has a
heart rate of 105 beats/minute, but vital
signs are otherwise normal.” What is the
probability that she has pneumonia? In this
survey study (V= 553), nearly all respon-
dents overestimated the probability at a
median of 80%,* while the evidence-based
answer is roughly 30% using the Heck-
erling diagnostic score [Figure], assum-
ing the pretest probability of pneumonia
is 5% for a patient with a cough.>® What is
the probability if the chest X-ray is either
positive or negative? The median answers
were 95% and 50%, respectively, while the
evidence-based estimates are roughly 55%
and 15%, respectively.*

In all scenarios, respondents grossly
overestimated the probability of pneumonia,
uncovering a fundamental weakness with
diagnostic reasoning and test interpretation.
Due to the presence of cognitive biases that
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FIGURE. Likelihood nomogram showing

the pretest (prior) and posttest (posterior)
probability of pneumonia with 4 or 5 Heckerling
diagnostic criteria met (positive) versus less
than 4 criteria met (negative). Source: Schwartz
A. Diagnostic test calculator [free software available
under a Clarified Artistic License]. http://araw.mede.
uicedu/cgi-bin/testcalc.pl.

can impair probabilistic and statistical rea-
soning, including base rate neglect, anchor-
ing bias, and confirmation bias, humans
have a tendency to overestimate, which
results in diagnostic errors.* Overdiagnosis
subsequently leads to overtreatment.

The most common tool we depend on to
diagnose pneumonia is chest X-ray, but how
reliable is it? Unfortunately, its sensitivity
and specificity are mediocre, at 69% and
78%, respectively.” Given the inter-observer
variability in physical exam findings and the
imperfect accuracy of chest X-ray, it is not
surprising that pneumonia is often mis-
diagnosed, with 34% of outpatients being
labeled with it when they don't have it.?

Antibiotic treatment for pneumo-
nia is also prone to errors. In one study
of outpatients with community-acquired

pneumonia (IV = 341), only 31% received
a guideline-concordant regimen.® Treat-
ments were deemed inappropriate due to
the wrong choice of drug (77%) and/or
the wrong duration—almost always too
long (39%). Lack of awareness about the
microbial etiology of pneumonia might
be tied to selection of the wrong drug.
According to data from the United States,
the most frequently detected pathogens in
community-acquired pneumonia are viruses
(22%), followed by bacteria (11%).° Because
differentiating between viral and bacterial
pneumonia can be challenging, I wonder
what proportion of viral infections are being
treated inappropriately with antibiotics.

It is also important to recognize the
limitations of microbiological testing. A
nasopharyngeal swab is performed to detect
viruses, while a sputum culture is some-
times obtained to identify bacteria. Cau-
tion must be exercised when interpreting
a positive result. Viral testing employs a
nucleic acid amplification technique, which
cannot distinguish between viable and dead
organisms.'® Moreover, identifying a virus
from the nasopharynx does not necessarily
prove causation of pneumonia or exclude
a bacterial infection. Sputum cultures also
have limited utility, because isolating the
culprit bacteria from a nonsterile site is
difficult. Further complicating the matter,
for positive sputum cultures, determining
whether the organism is pathogenic or sim-
ply a colonizer is problematic.’® For these
reasons, guidelines recommend against
obtaining routine sputum cultures in the
management of community-acquired pneu-
monia, except in patients hospitalized with
severe infection or if there is concern for
drug-resistant pathogens.!’ However, the
isolation of certain organisms, including
some atypical bacteria (e.g., Nocardia), fungi
(e.g., Cryptococcus), and mycobacteria (e.g.,
Mycobacterium tuberculosis), is almost always
considered pathogenic and warrants further
investigation and treatment.

Urinary tract infections
Let’s start with a clinical case. “A 65-year-old
man is seen for osteoarthritis. He has noted
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toul-smelling urine but no pain or difficulty
with urination. A urine dipstick shows trace
blood.” What is the probability of a urinary
tract infection (UTI)? In this survey, the
median estimated pretest probability by
participants was 20%.* If a urine culture
is either positive or negative, respondents
predicted a median chance of UTI of 80%
and 5%, respectively.* Foul-smelling urine
does not count as a UTT symptom, and,
by definition, asymptomatic bacteriuria is
not a UTI, so the evidence-based prob-
ability is essentially 0% regardless of the
urine culture result. Not only did clinicians
overcall the probability, but the impact of a
positive urine culture on their estimate was
also alarmingly high.

It is intriguing that medical practitio-
ners have such strong faith in a positive
urine culture as robust evidence for a UTI.
It appears that the concept of asymptom-
atic bacteriuria is poorly understood, as
evidenced by studies that found that 71%
of respondents would prescribe unnec-
essary antibiotic for this condition'? and
83% of hospitalized patients with asymp-
tomatic bacteriuria received inappropriate
antibiotic.!

Dysuria, urinary frequency, hematuria,
back or lower abdominal pain, and absence
of vaginal discharge or irritation are the
only evidence-based UTT symptoms.'* An
exception is the isolation of Staphylococcus
aureus from urine culture, which might be
indicative of §. aureus bacteremia seeding
the urinary tract. Some experts recommend
obtaining blood cultures even if asymptom-
atic to exclude an occult bacteremia in this
setting.”® Contrary to popular belief, altered
mental status and foul-smelling or cloudy
urine are not true UTT symptoms.’®

Interpreting urine tests can also be
tricky. The absence of pyuria strongly argues
against a UTI, while the presence of nitrite
and/or leukocyte esterase is not specific for
infection.” Misdiagnosis of UTTs is high.
In one study (V= 264), 66% of females pre-
senting to the emergency department with
genitourinary symptoms were diagnosed
with a UTI, but only half were correctly

diagnosed.’™ Some patients tested positive
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for a sexually transmitted infection instead.
Diagnosing UTIs in elderly patients is even
more challenging, because up to 50% of
females and 40% of males in long-term care
have asymptomatic bacteriuria, and often
pyuria as well.”” Urine testing in this popu-
lation is less helpful in diagnosing UT1s,
as abnormal urine results can be expected.
Thus, a urine sample should be collected
only when true UTT symptoms are present,
as recommended by recent guidelines.'®
A common indication to collect a urine
sample is delirium, but other causes, such
as dehydration, drug side effects, and sleep
disturbances, should be ruled out before
attributing the altered mental state to a
UTI.** Regarding UTI treatment, one
study found that about half of outpatient
antibiotic prescriptions were consistent with
guideline-recommended first-line therapy,
while over 75% of prescribed durations were
too long.?

Skin and soft tissue infections

Cellulitis and erysipelas are common bacte-
rial infections of the skin. There is no single
piece of history, physical exam finding, or
lab test that can confirm the diagnosis with
a high degree of accuracy.?® Aside from a
skin biopsy, which is not routinely per-
formed, there is no way to prove that the
skin or subcutaneous tissues are infected. As
a result, the clinical gold standard is history
and physical exam, but can any clinician
provide the gold standard in diagnosing
skin infections? In a randomized controlled
trial (V = 175) examining the accuracy of
cellulitis diagnoses where a dermatology
consult was considered the gold standard,
of all patients admitted to hospital with
cellulitis, 30% had an alternative derma-
tological diagnosis such as eczema or der-
matitis.”” Patients treated by dermatologists
had more rapid clinical improvement and
reduced exposure to antibiotics. Similar-
ly, in another randomized controlled trial
(IV = 29) of outpatients who were labeled
by their primary care provider as having
cellulitis, only 5 (17%) were judged to have
been correctly diagnosed according to a

dermatologist.?

78 BCMEDICAL JOURNAL VOL.68 NO. 2 | MARCH 2026

Skin infections can be challenging to
diagnose because there are many mimickers,
also known as pseudocellulitis conditions.
These include venous stasis dermatitis, con-
tact dermatitis, eczema, deep vein throm-
bosis, gout, hematoma, erythema migrans,
and peripheral artery disease.?* When an
infection is present, there are only two major
pathogens to consider: beta-hemolytic
streptococcus in nonpurulent infections and
Staphylococcus aureus in purulent disease.?>*
Coverage for Gram-negative organisms
is indicated only in select circumstances,
including moderate to severe diabetic foot
infections, perineal infections, animal bite
infections, aquatic-related injury, surgical
site infections of the groin or axilla, severely
immunocompromised patients, and necro-
tizing infections.?»*

It is expected that the choice of anti-
biotic should reflect the microbiological
understanding of this disease. However,
studies have shown that almost half of
hospitalized patients receive unnecessary
broad-spectrum antibiotic (most commonly
piperacillin-tazobactam), vancomycin use is
inappropriate in 75% of cases, up to half of
patients who are eligible for oral antibiotic
receive IV treatment longer than required,
and over half of patients are treated longer
than the guideline recommendation of 5
to 7 days.?»*2® When treating cellulitis,
it is paramount to understand its natural
progression to avoid treatment mishaps.
Some clinicians might broaden the antibi-
otic or switch to IV therapy unnecessarily
when they judge that the initial oral treat-
ment is failing. The symptoms and signs
of inflammation can worsen in the first 1
to 2 days while on effective therapy, and
it can take up to 3 days before a clinical
response is observed.”? Misdiagnosing a
treatment failure too early in the course of
illness results in inappropriate modifications
to treatment and might lead clinicians to
falsely attribute the improvement to the
new therapy.® Furthermore, clinicians often
misinterpret persistent symptoms and signs
of inflammation of the affected limb as evi-
dence for ongoing infection and, as a result,
extend the antibiotic treatment beyond the

guideline-recommended duration. Residual
inflammation at the end of treatment is
normal in up to 60% of patients, and pro-
longing the course of antibiotic is not use-
ful, as the bacteria are likely dead by that
point.?? Tissue repair and immune activa-
tion can persist well after the bacteria have
been killed.

Conclusions

Pneumonia, urinary tract infections, and
cellulitis in adult patients tend to be overdi-
agnosed and overtreated. Potential reasons
include inadequate training in and model-
ing of diagnostic reasoning, the presence
of cognitive biases, cultural normalization
of antibiotic overuse, lack of awareness of
recent evidence and guidelines, and clinical
inertia. A positive test does not diagnose a
disease; it is the clinician interpreting the
relevant data in the right clinical context
who does. Answers in medicine are rarely
black and white, and operating in the grey
zone demands a reasonable understanding
of probabilistic rationalization and an abil-
ity to incorporate best evidence into clinical
decision making. A rational approach is for
clinicians to critically appraise their knowl-
edge and skills to continually refine their
competency, and thereby deliver the right
amount and type of care for each patient.
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FIGURE 2. Example of whole-genome
sequencing data to show individual single-
nucleotide differences between isolates (the
darker border indicates closely related isolates).

investigations, replacing older methods
that relied on repeats and other short
genetic sequences and lacked granular-
ity. WGS allows the identification of
single-nucleotide differences between
strains, which can identify transmission
events and uncover previously unde-
tected transmission networks [Figure 2].
WGS was first used in a research capac-
ity in BC in 2018 and was transitioned to
regular clinical application in 2023—the
BCCDC Public Health Laboratory was
the first provincial laboratory to rely on
WGS results. We now have over 2000 iso-
lates sequenced, providing a rich data set
to understand epidemiology and confirm
accuracy. Techniques and workflows are
continually refined to minimize time to
definitive results and support traditional
epidemiology by confirming cases and
clusters for further investigation.

In addition, WGS offers the abil-
ity to predict susceptibility. Since 2018,
the World Health Organization has col-
lated and published resistance mutations,
permitting bioinformatics teams to link
sequences to phenotypic behavior. The
advantages of WGS are that results can be
made available in several days to weeks, and
multiple antibiotics can be assessed with
a single test. The BCCDC Public Health
Laboratory has validated the first-line

BCCDC

agents compared with phenotypic meth-
ods, finding excellent concordance. Nega-
tive predictive values for wild-type TB to
first-line medications are 99.5% for iso-
niazid, 99.6% for pyrazinamide, 100% for
ethambutol, and 100% for rifampin. Fully
susceptible organisms are now reported
with confidence within 10 days of detec-
tion, an improvement of 10 to 14 days.
All these advances rely on a large team
of individuals with advanced skills—labo-
ratory personnel, bioinformaticians, infor-
matics specialists, front-line clinicians,
epidemiologists, and many others all play
key roles. We are grateful for the wonderful
team working together to eliminate TB. B
—Jennifer M. Grant, MDCM, FRCPC
Associate Medical Director and Program
Head, Mycobacteriology, BCCDC Public
Health Laboratory
—Victoria J. Cook, MD, FRCPC
Medical Head, Provincial Tuberculosis
Services, BCCDC

—James Johnston, MD, MPH, FRCPC
Evaluation Lead, Provincial Tuberculosis
Services, BCCDC

References

1. World Health Organization. Tuberculosis. 13
November 2025. Accessed 15 January 2026.
www.who.int/news-room/fact-sheets/detail/
tuberculosis.

2. CookVJ, Matsuba M. Provincial Tuberculosis Com-
mittee: Tuberculosis quality care and elimination
plan 2024-2029.2024. Accessed 15 January 2026.
www.bccdc.ca/resource-gallery/Documents/
%20and%20Forms/Guidelines%20and%20
Manuals/TB/TB_Quality_Care_Elimination_Plan.
pdf.

3. CarrollLN, Au AP, Detwiler LT, et al. Figure 4. Den-
drogram. In: Visualization and analytics tools for
infectious disease epidemiology: A systematic
review. J Biomed Inform 2014;51:287-298. Ac-
cessed 15 January 2026. https://doi.org/10.1016/].
jbi.2014.04.006.

CLASSIFIEDS

Continued from page 82

MEDICAL OFFICE SPACE

DOWNTOWN VERNON—PURPOSE-
BUILT TWO-DOCTOR OFFICE WITH
STAFF AND SUPPORT

Turnkey location and situation in extreme-
ly efficient and friendly well-run office in
Vernon. Full-time manager, LPN, and 1.5
WTE MOA staff. Your own office and two
exam rooms just for you. Fully equipped
procedure room with ability to do minor
ops, EKG, spirometry, Holter monitor,
UDT, strep, urinalysis. Daily lab pickup.
Ground-floor-level 1200 sq. ft. office with
loads of parking, five blocks from Vernon
Hospital, two blocks from downtown Ver-
non. Flexible rent: either 80/20 or flat rent,
whatever suits you. You will be as busy as
you want to be in a very short time; I am
full-time with interest in full-service fam-
ily medicine. Contact drlindsaypritchett@
gmail.com for more information.

VANCOUVER—TURNKEY MEDICAL OFFICE,
FOUR FULLY FURNISHED EXAM ROOMS

Modern clinic for specialists and FPs.
Lease four rooms for $7000 or two rooms
for $4000 per month. Front desk kiosk for
your MOA, computers, printer, and basic
supplies. Free on-site parking at Superstore
Marine Drive. Bright waiting area, HVAC,
Internet, and utilities included. Flexible
start, signage, cleaning, and secure build-
ing. Contact Pauline at tgr604@gmail.com.

PREMISE

References continued from page 79

28. Almulhim AS, Alotaibi FM. Comparison of broad-
spectrum antibiotics and narrow-spectrum an-
tibiotics in the treatment of lower extremity
cellulitis. Int J Health Sci (Qassim) 2018;12:3-7.

29. Bruun T, Oppegaard O, Hufthammer KO, et al.
Early response in cellulitis: A prospective study
of dynamics and predictors. Clin Infect Dis 2016;
63:1034-1041. https://doi.org/10.1093/cid/ciw463.

30. Brindle R, Williams OM, Davies P, et al. Adjunctive
clindamycin for cellulitis: A clinical trial compar-
ing flucloxacillin with or without clindamycin
for the treatment of limb cellulitis. BMJ Open
2017,7:2013260. https://doi.org/10.1136/bmjopen-
2016-013260.

BC MEDICAL JOURNAL VOL. 68 NO. 2 | MARCH 2026 81



