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KEY POINTS 

Question 
What is the incidence of incorrect identification of site of infection at time of 
admission, and is this misidentification associated with clinical outcomes? 

Findings  
In this cohort study of 1477 patients admitted for suspected bacterial infection, 
misdiagnosed site of infection occurred in 12% of hospitalized patients. 
No association was found between misdiagnosed site of infection and 30-day 
mortality, intensive care unit admission, and length of stay, which might be explained 
by the use of broad-spectrum antibiotics. 

Meaning 
These findings suggest that misdiagnosed site of infection occurs in every 1 of 9 
hospitalized patients, but it is not associated with worse clinical outcomes. 
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ABSTRACT 

Importance 
Misdiagnosis of infection is among the most commonly made diagnostic errors and is 
associated with increased morbidity and mortality. Little is known about how often 
misdiagnosed site of infection occurs and its association with clinical outcomes. 

Objectives
To evaluate the discrepancy between admission and discharge site of infection 
diagnoses among patients with suspected bacteremia, to explore factors associated 
with discrepant diagnoses, and to evaluate the association with clinical outcomes. 

Design, setting and participants 
This cohort study used electronic records of 1477 adult patients who were admitted 
to the hospital for suspected bacteremia from April 1, 2019, to May 31, 2020, and 
who had blood cultures taken at the emergency department at Haga Teaching 
Hospital, The Hague, the Netherlands. Suspected infection sites were classified 
into 8 categories at admission and discharge. Misdiagnosed site was defined as a 
discrepancy between the suspected site of infection at admission and at discharge. 

Main outcomes and measures 
Clinical outcomes were 30-day mortality, intensive care unit admission, length of 
hospital stay, and antibiotic use, analyzed with logistic and linear regression. Risk 
factors for misdiagnosed site were determined using regression analysis. 

Results 
A total of 1477 patients (820 [55.5%] male; median [IQR] age, 68 [56-78] years) 
were analyzed. The rate of misdiagnosed site of infection was 11.6% (171 of 1477); 
3.1% of all patients (46 of 1477) ultimately had no infection. No association was 
found between misdiagnosis and 30-day mortality (adjusted odds ratio [aOR], 0.8; 
95% CI, 0.3-1.9; P = .60), intensive care unit admission (aOR, 1.3; 95% CI, 0.6-3.0; 
P = .54), and hospital length of stay (adjusted increase of stay, 15.5%; 95% CI, 
−3.1% to 37.7%; P = .11). Misdiagnosed site was associated with receiving broad-
spectrum antibiotics (aOR, 4.0; 95% CI, 1.8-8.8; P < .001). Older age, dementia, a 
positive urine sediment test result without urinary symptoms, and suspicion of an 
intravascular, central nervous system, or bone and joint infection were risk factors 
for misdiagnosed site of infection. 
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Conclusions and relevance 
In this cohort study, misdiagnosed site of infection occurred in 1 of 9 patients and 
was not associated with worse short-term clinical outcomes. Clinicians should be 
aware of risk factors associated with misdiagnosed site of infection and potential 
inappropriate antibiotic use. 
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INTRODUCTION 

Increasing attention is being paid to the prevention of diagnostic errors, including 
misdiagnoses, because these errors have been associated with inappropriate 
treatment, harm to patients, and increasing costs.1-3 Little is known about the 
incidence of misdiagnoses in hospitals and their consequences.4 The common overall 
estimated percentage of diagnostic error is 10% to 15%, but great variation exists 
among studies because of a lack of unified terminology and different settings of 
studies.4-9 In this respect, emergency departments (EDs) are known to have higher 
rates of misdiagnoses because of the complex decision-making process, limited 
available clinical information, high workload, and time constraints.2,9-11 

A study12 among tertiary-level EDs in Japan on the misdiagnosis of infections 
found that 11.6% (113 of 974) of ED patients had a misdiagnosis, with urinary 
tract infection being the most common misdiagnosis. Misdiagnosed infections 
may lead to morbidity and mortality, as well as to inappropriate diagnostic testing 
and antimicrobial treatment, and thus contribute to increasing antimicrobial 
resistance.4,11,13,14 Nonspecific symptoms related to infections make it challenging 
to establish the correct diagnosis. Fever, for example, is a symptom of low specificity 
and may indicate a self-limiting infection as well as severe sepsis.15,16 

Identifying risk factors for misdiagnosis might be helpful to improve diagnostic 
accuracy. Previous studies9,10 have primarily focused on assessing the type of error 
in the diagnostic process and on the predictive role of context (eg, noise) and work 
experience in misdiagnoses. Data on patient factors associated with misdiagnoses 
are lacking. 

We recently performed an observational study17 of all adults presenting to the ED 
in a large teaching hospital in the Netherlands from whom a blood culture was 
taken because of suspected bacteremia. The aims of the current substudy were to 
evaluate the rate of misdiagnosed site of infection in ED patients with suspected 
bacteremia, to examine the association of misdiagnosis with clinical outcomes, and 
to identify risk factors associated with misdiagnosis.

METHODS 

Study Design and Setting 
The current study is a substudy of PredictED (Predicting Microbiological and 
Clinical Outcomes of Patients With Suspected Bacteremia Presenting at Emergency 
Department: A Prospective Observational Study),17 a single-center observational 
cohort study that was conducted at the ED of the Haga Teaching Hospital in 
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The Hague, the Netherlands, a large hospital with approximately 600 beds and 
50000 ED visits per year. A total of 2333 adult patients who presented at the ED 
of HagaTeaching Hospital and had a blood culture taken from April 1, 2019, to May 
31, 2020, were included in the study. For this substudy, patients were excluded if 
they were not hospitalized or transferred to another hospital during their admission, 
because in such cases the final diagnosis was not available. In addition, patients 
who were not diagnosed with any infection by the ED physician or patients with 
an unidentified site of infection at the ED were excluded. PredictED was approved 
by the Haga Teaching Hospital Medical Ethics Committee and the Haga Teaching 
Hospital Institutional Scientific Review Board. The need for informed consent was 
waived because this is an observational quality control study without any effect on 
patients’ medical management. The study followed the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) reporting guideline.

Data Collection 
Demographic characteristics and clinical and biochemical findings were collected 
from the patient electronic records by 2 investigators (E.D. and A.G.K.). Site of 
infection was obtained by reviewing the patient record, including the hospital 
discharge letter. A Cohen κ score was used to assess interrater agreement between 
the investigators (E.D. and A.G.K.). In case of disagreement, a third internal medicine 
physician was consulted (S.M.). The primary outcome measures were the rate of 
misdiagnosed infection, 30-day mortality, and intensive care unit (ICU) admission. 
Secondary outcomes included the length of hospital stay and the administration of 
broad-spectrum antibiotics. 

Data Definitions 
Suspected infection sites were classified into 8 categories: respiratory, urogenital, 
skin and soft tissue, central nervous system (CNS), abdominal, intravascular, bone 
and joint, and other infection. The diagnosis at discharge was classified into identical 
categories as well as unidentified site of infection and no infection. Misdiagnosed site 
was defined as a discrepancy between the suspected site of infection at admission 
and at discharge. In case of a possible second infection, a misdiagnosis was defined 
as a discrepancy between the infection site listed as the reason for hospitalization 
at admission and at discharge. The quick Sepsis Related Organ Failure Assessment 
(qSOFA) score was used as a measure for disease severity, and the Charlson 
Comorbidity Index was used to measure the burden of comorbidity.18,19 Urinary 
symptoms were defined as occurrence of any Loeb criteria (dysuria, suprapubic pain/
tenderness, frequency, or urgency).20 A positive urine sediment test result indicated 
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a positive nitrite test result or more than 5 white blood cells per high-power field. 
Broadspectrum antibiotics were defined as intravenous second- or third-generation 
cephalosporin with or without an aminoglycoside.21 Bacteremia was present when a 
blood culture, taken within 48 hours after presentation at the ED, showed bacterial 
growth and was not deemed a contaminant. Coagulase-negative staphylococci, 
Bacillus species, Corynebacterium species, Cutibacterium species, Viridans group 
streptococci, and Lactobacillus species were considered contaminants unless 
associated with an intravascular catheter or device, suspected endocarditis, or the 
presence of multiple positive blood culture results with the same bacterium.

Statistical Analysis 
Descriptive statistics were presented as numbers and percentages for categorical 
variables. All continuous variables were expressed in medians and IQRs. The χ2 test 
or Fisher exact test for categorical variables was used. Continuous variables were 
tested with the Mann-Whitney U test. A 2-sided P < .05 was considered statistically 
significant. Rates of misdiagnosis were calculated for each site of infection. 

Univariate and multivariable regression analyses were performed to investigate 
the association of misdiagnoses with outcomes. The binary dependent variables 
were 30-day mortality, ICU admission, and administration of broad-spectrum 
antibiotics, which were analyzed with logistic regression models. A linear model 
was used for the length of hospital stay with a logarithmic transformation because 
of skewed data. Multivariable analyses were performed to correct for age, Charlson 
Comorbidity Index, qSOFA score, and site of infection at discharge. A sensitivity 
analysis investigated the association of misdiagnosis with clinical outcomes when 
patients with no infectious disease at discharge were excluded. 

To identify variables associated with misdiagnosed sites, a multivariable logistic 
regression model was built using the LASSO (least absolute shrinkage and selection 
operator) method.22 Eighteen candidate predictor parameters were considered for 
inclusion based on a sample size of 1900 participants, an outcome proportion of 
15%, and an expected shrinkage of 10%. These variables were age, sex, dementia, 
use of immunosuppressants, recent use of antibiotics, altered mental status, systolic 
blood pressure, breathing frequency, C-reactive protein level, presence of Loeb 
criteria, positive urine sediment test result without Loeb criteria, and suspected 
site of infection at the ED (8 site categories).20 Missing data (1.4%) were assumed 
to occur at random and imputed 10 times using chained equations.23 The variables 
that contained missing values were altered mental status, systolic blood pressure, 
breathing frequency, C-reactive protein level, and positive urine sediment test result 
without Loeb criteria. The 10 resulting imputed data sets were stacked into a single 
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large data set and then incorporated into 1 model through weights. Because of the 
many different diagnoses within the group labeled as “other infection,” this category 
was excluded in the LASSO analysis. Internal validation was conducted with a 
200-bootstrap resampling procedure, where the LASSO procedure was repeated 
in each bootstrap sample to estimate the optimism corrected performance.24 
Associations were presented as regression coefficients for linear regression 
and odds ratios (ORs) for binary outcomes. With the use of the LASSO method, 
model selection through shrinkage is achieved to reduce overfitting. Because of 
shrinkage, CIs cannot be determined for the final set of ORs, in contrast to the full 
model, including all candidate variables. Discrimination of the model was assessed 
with the concordance statistic (C statistic), an equivalent to the area under the 
receiver operating characteristic curve. Statistical analyses were performed using R 
software, version 1.3.1073 (R Foundation for Statistical Computing) and IBM SPSS 
Statistics, version 26 (IBM Inc).

RESULTS 

Between April 2019 and May 2020, a total of 2333 patients presented at the ED of 
Haga Teaching Hospital and had a blood culture taken. Of these, 1477 patients were 
admitted to the hospital with a suspected infection (eFigure in the Supplement). 
The median age was 68 years (IQR, 56-78 years), 657 (44.5%) were female, and 820 
(55.5%) were male. A total of 171 admitted patients (11.6%) had a misdiagnosed 
site of infection (Table 1). The Cohen κ for interrater agreement of site of infection 
was 0.87. 

Patient Characteristics 
Patients with misdiagnosed site of infection were older (median age, 72 [IQR, 
64-80] vs 68 [IQR, 55-78] years; P < .001) (Table 1); more likely to have a history 
of cardiovascular disease (96 [56.1%] vs 544 [41.7%]; P < .001), kidney disease 
(34 [19.9%] vs 151 [11.6%]; P = .002), or dementia (14 [8.2%] vs 50 [3.8%]; P 
= .008); and had a higher Charlson Comorbidity Index (median, 4 [IQR, 1-6] vs 3 
[IQR, 2-5]; P = .003). Initial vital signs were similar across groups. More patients 
with misdiagnosed site of infection had altered mental status (28 [16.8%] vs 105 
[8.9%]; P = .001), a positive urine sediment test result (74 [43.3%] vs 429 [32.8%]; 
P = .007), and bacteremia (42 [24.6%] vs 218 [16.7%]).
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Table 1 Characteristics of patients with misdiagnosed and correctly diagnosed site of infection 
(n= 1477)a

  Misdiagnosed Correctly diagnosed  

Characteristicsb-e 171 1306 p-value

Demographics and medical history    

Age (years) 72 [64-80] 68 [55-78] <0.001

Male, n (%) 89 (52) 731 (56)
0.33

Female, n (%) 82 (48) 575 (44)

Nursing home resident, n (%) 18 (10.5) 143 (10.9) 0.87

History of cardiovascular disease, n (%) 96 (56.1) 544 (41.7) <0.001

History of pulmonary disease, n (%) 34 (19.9) 392 (30.0) <0.001

History of renal disease, n (%) 34 (19.9) 151 (11.6) 0.002

Dementia, n (%) 14 (8.2) 50 (3.8) 0.008

Charlson comorbidity index 4 [2-6] 3 [1-5] 0.003

Vital signs      

Initial SBP (mmHg) 128 [110-150] 129 [112-148] 0.49

Initial HR (/min) 98 [84-115] 102 [89-115] 0.16

Initial BF (/min) 20 [16-25] 20 [16-26] 0.08

Altered mental status, n (%) 28 (16.8) 105 (8.9) 0.001

Initial Body temperature (°C) 38.5 [37.8-39.3] 38.6 [37.9-39.2] 0.40

qSOFA score, n (%)     0.10

  0 67 (43.5) 496 (44.7)  

  1 59 (38.3) 475 (42.8)  

  2 23 (14.9) 118 (10.6)  

  3 5 (3.2) 21 (1.9)  

Laboratory results      

CRP (mg/L) 100 [40-183] 95 [35-197] 0.95

WBC (x10^9/L) 11.3 [8.6-16.1] 12.1 [8.4-16.8] 0.44

Positive urine sediment, n (%)c 74 (43.3) 429 (32.8) 0.007

Bacteremia, n (%)e 42 (24.6) 218 (16.7) 0.01

Abbreviations: BF, breathing frequency; CRP, C-reactive protein; HR, heart rate; qSOFA, quick Sequential 
Organ Failure Assessment; SBP, systolic blood pressure; WBCs, white blood cells. SI conversion factors: To 
convert CRP to milligrams per liter, multiply by 10; WBCs to ×109/L, multiply by 0.001. a Data are presented 
as number (percentage) of patients unless otherwise indicated. Systolic blood pressure data are missing 
in 7 patients, HR data in 4 patients, BF data in 93 patients, altered mental status data in 131 patients, 
CRP data in 1 patient, WBC count data in 2 patients, data on leukocytes in urine sediment in 6 patients, 
and qSOFA data in 213 patients. b Positive urine sediment test result indicates nitrite positive or more 
than 5 WBCs per high-power field.c Present when within 48 hours after presentation at the emergency 
department a blood culture yielded a pathogen typical for the infection site.

Rate of Misdiagnoses 
The most common sites of infections as diagnosed at admission were respiratory 
(657 of 1477 [44.5%]) and urogenital (336 of 1477 [22.7%]). Bone and joint (12 of 
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38 [31.6%]), CNS (8 of 21 [38.1%]), and intravascular (14 of 30 [46.7%]) infections 
had the highest rates of misdiagnosed site (Figure). The rate of misdiagnoses per 
initial sites of infection are outlined in the Figure. Thirteen patients had a possible 
second infection at admission, 5 at both admission and discharge, and 7 at discharge 
only. Of all 13 patients with a possible second site of infection, 8 (61.5%) were 
misdiagnosed. Among all 1477 patients, 46 (3.1%) were ultimately discharged with 
a diagnosis of no infection (Table 2). 

Association of Misdiagnosis With Clinical Outcomes 
Of 171 patients with a misdiagnosed site of infection, 18 (10.5%) died within 30 
days of presentation (Table 3); in patients with correctly diagnosed sites, the 30-day 
mortality was 8.5% (111 of 1306). Among patients with misdiagnosed sites, 11 
(6.4%) were admitted to the ICU, compared with 89 patients (6.8%) with correctly 
diagnosed sites. These differences were not statistically significant because a 
misdiagnosed site of infection was not associated with 30-day mortality (adjusted 
OR [aOR], 0.8; 95% CI, 0.3-1.9; P = .60) or ICU admission (aOR, 1.3; 95% CI, 0.6-
3.0; P = .53). A sensitivity analysis, excluding patients with no infectious diagnosis 
at discharge, also showed no association between misdiagnosed site of infection 
and 30-day mortality (aOR, 0.8; 95% CI, 0.3-1.8; P = .55) or ICU admission (aOR, 
1.3; 95% CI, 0.6-3.0; P = .51). For patients with misdiagnosed sites, the median 
(IQR) hospital length of stay was 5 days (IQR, 3-9 days), compared with 4 days 
(IQR, 2-7 days) for patients with correctly diagnosed sites (P = .007), a 22.3% (95% 
CI, 5.6%-41.5%) increase in hospital length of stay; however, when adjusted for 
confounders, this association disappeared (15.5%; 95% CI, −3.1%to 37.7%; P = 
.11). Most patients (149 of 171 [87.1%] with misdiagnosed sites and 1110 of 1306 
[84.9%] with correctly diagnosed sites) received antibiotic therapy. A statistically 
significantly higher percentage of misdiagnosed patients received broad-spectrum 
antibiotics compared with patients with a correct diagnosis (86 of 112 [76.8%] vs 
532 of 917 [58.0%]; aOR, 4.0; 95% CI, 1.8-8.8; P < .001). 

Variables Associated With Misdiagnosis 
A multivariable logistic regression model was used to assess variables associated 
with a misdiagnosed site of infection. In Table 4, both the candidate variables and the 
selected variables are shown with corresponding ORs (regression coefficients can 
be found in the eTable in the Supplement). Four of 13 variables were selected using 
the LASSO logistic regression: age, dementia, a positive urine sediment test result 
without Loeb criteria, and site of infection at ED. Discrimination of the overall model 
was moderate, with a C statistic of 0.70 (95%CI, 0.68-0.70). The performance 
remained similar after correcting for optimism (C = 0.69; 95%CI, 0.64-0.74). 
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DISCUSSION 

This cohort study analyzed misdiagnoses of infection site among ED patients 
hospitalized for suspected infection. We found a misdiagnosis rate of 11.6% but 
no association between misdiagnosed site of infection and worse clinical outcomes, 
including 30-day mortality, need for ICU admission, and length of hospitalization. 
However, more patients with misdiagnosed sites of infection received broad-
spectrum antibiotics. Older age, presence of dementia, a positive urine sediment 
test result without urinary symptoms, and particular suspected sites of infection 
(intravascular, CNS, and bone and joint) were the most prominent risk factors 
associated with misdiagnosed site of infection in our study. 

Literature on misdiagnosed site of infection among hospitalized ED patients is scarce. 
To our knowledge, this is the first study to investigate the association between 
misdiagnoses and clinical outcomes while simultaneously identifying patient risk 
factors for misdiagnosed site of infection in this specific population. A Japanese 
study by Abe et al12 investigated the association of misdiagnosed site of infection 
with clinical outcomes in 974 patients, using a similar definition. However, Abe et 
al12 also included patients with an unidentified site of infection at admission. When 
these patients were excluded, they found an overall rate of misdiagnoses of 8.1% 
(76 of 937). 

In our study, sites of infection that were less common (eg, intravascular and CNS) 
were associated with the highest risks for misdiagnosis, which is in line with previous 
findings.12 The higher rate of misdiagnoses in more uncommon sites of infections 
might be explained by a lack of exposure or more difficulty in identifying infections 
at less common sites. However, we think that the higher rate of misdiagnoses is 
also a reflection of the more severe consequences of missing a diagnosis in these 
categories, which leads physicians to err on the side of caution. For instance, it can 
be challenging to distinguish septic arthritis from a simple gout. Misdiagnosis of 
abdominal infections was more often reported in our study than in the study by 
Abe et al12 (30 of 203 [14.8%] vs 7 of 186 [3.8%]). Another study11 that evaluated 
misdiagnoses of pneumonia in the ED found no respiratory site of infection in 26 of 
195 patients (13.3%) on discharge from the internal medicine ward, in contrast to 
46 of 657 (7.0%) misdiagnosed respiratory infections in our study. We hypothesize 
that besides differences in study populations, the differences are partly explained 
by the challenges in this field of research to assess records objectively.
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Table 4 Full model and final determinants of misdiagnosed site of infection

Variables Full model OR [95% CI] Reduced model ORab

Age (per decade) 1.2 [1.1-1.3] 1.1

Sex (Male) 0.9 [0.7-1.3] not selected

Use of immunosuppressants 1.1 [0.6-1.8] not selected

Use of antibiotics 0.9 [0.6-1.3] not selected

Altered mental status 1.0 [0.7-1.7] not selected

SBP 1.0 [1.0-1.0] not selected

CRP 1.0 [1.0-1.0] not selected

BF 1.0 [1.0-1.0] not selected

Occurence of Loeb criteria 1.3 [0.8-2.2] not selected

Dementia 1.9 [0.9-3.7] 1.4

Positive urine sediment without Loeb criteriac,d 1.4 [0.9-2.1] 1.1

Site of infection at ED  

         Abdominal 2.2 [1.3-3.7] 1.4

         Bone and Joint 6.1 [2.8-13.4] 3.4

         CNS 11.0 [4.0-29.7] 5.1

         Intravascular 12.0 [5.3-27.2] 6.7

         Respiratory 1 [reference] 1 [reference]

         Urogenital 1.6 [1.0-2.7] 1.2

         Skin and Soft tissue 1.1 [0.5-2.2] 1.0

Abbreviations: BF, breathing frequency; CNS, central nervous system; CRP, C-reactive protein; ED, 
emergency department; OR, odds ratio; SBP, systolic blood pressure. a Model selection is achieved by 
shrinkage, so the ORs with CIs cannot be determined. b The tuning parameter (λ) is chosen by cross-
validation.25 The value of λ that gives the simplest model but also lies within 1 SE of the optimal value 
of λ was selected. c The Loeb criteria are dysuria, suprapubic pain or tenderness, frequency, or urgency. 
A positive urine sediment test result indicates nitrite positive or more than 5 white blood cells per high-
power field. d Occurred in 36 of 163 misdiagnosed patients (22.1%) and 183 of 1267 nonmisdiagnosed 
patients (14.4%).

Other studies2,10 have shown that diagnostic errors in EDs can result in serious 
patient harm. A possible explanation for the difference with our study is our focus 
on patients with infections and suspected bacteremia or sepsis. Most patients with 
a misdiagnosed site of infection in our study were treated with broad-spectrum 
antibiotics, following sepsis guidelines. Broad-spectrum antibiotics were likely an 
effective treatment for various sites of infection, even though an incorrect site was 
diagnosed. As such, we did not find an association of misdiagnosed infection site 
with ICU admissions or mortality even though patients with misdiagnosed sites 
had a higher rate of bacteremia. However, the effects of misdiagnosed site of 
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infection on clinical outcomes may be much broader and more subtle than what 
we examined in this study. For example, misdiagnosed site might be associated 
with additional diagnostic testing. Based on our results, we noticed that 20% of 
misdiagnosed patients received antibiotics unnecessarily, because the final correct 
diagnosis was no infection. Unnecessary use of antibiotics may lead to adverse 
effects for individual patients and may contribute to overall increasing antimicrobial 
resistance, which is considered a large public health threat.25 Our unadjusted results 
showed an association between misdiagnosed site of infection and hospital length 
of stay, but after adjustment for age, severity of disease, and site of infection at 
discharge, this association disappeared. When adjusting for these confounders 
one by one, the association disappeared when corrected for site of infection at 
discharge. In contrast, Abe et al12 demonstrated that patients with a misclassified 
site of infection at admission had 2.7-fold higher odds of in-hospital mortality. This 
difference from our results could be explained by differences in study populations, 
with their cohort having a higher median age, more patients with severe disease as 
shown by a qSOFA of 2 or greater (38.7% vs 11.3%), and a higher overall mortality 
(15% vs 8.7%). More research is needed to clarify this discrepancy in the association 
of misdiagnosed infections with adverse outcomes. We propose that in future 
research more microbiological outcomes should be evaluated, preferably including 
long-term outcomes, such as the emergence of antibiotic resistance in patients 
receiving inappropriate antibiotics.

In this study, we built a model to help physicians identify patients at high risk of 
a misdiagnosed site of infection using age, dementia, presence of a positive urine 
sediment test result without Loeb criteria, and the suspected site of infection 
at ED. The selection of these variables is not unexpected because accurate 
diagnoses among older adults are complicated by their frequently atypical 
presentation. Nonspecific symptoms, such as altered mental status or malaise, are 
more prevalent in older patients presenting to the ED and may further increase 
diagnostic uncertainty.26 Furthermore, patients with dementia may have difficulty 
expressing their symptoms. Finally, distinguishing real urinary tract infections from 
asymptomatic bacteriuria can be challenging, as demonstrated by Flokas et al,27 
who showed that the presence of nonspecific signs and symptoms and overreliance 
on laboratory tests may explain the excessive misinterpretation of asymptomatic 
bacteriuria as being a urinary tract infection. The C statistic of 0.69 indicates a 
moderate performance and hence will probably not directly benefit the clinician. 
However, we report this as a starting point for future research.
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Strengths and Limitations 
A strength of this study is its comprehensiveness, including all adult patients from 
whom a blood culture was taken at an ED of a large hospital during a 1-year period, 
reflecting common daily practice. This study also has some limitations. First, this 
study involves electronic records and may therefore be subject to information bias. 
Second, the study only looked at differences between sites of infection, but a wrong 
diagnosis within the same site of infection (eg, diverticulitis and cholecystitis) 
may also have implications. Third, we have not assessed at what time during a 
hospital stay the diagnosis has changed and how this might affect the results. 
Fourth, we do not know whether prescribed antibiotics were appropriate for the 
actual infection. 

CONCLUSIONS 

In this cohort study, misdiagnosed site of infection occurred in 1 of 9 patients 
hospitalized for suspected bacteremia but was not associated with worse short-term 
clinical outcomes. This finding might be explained by adherence to sepsis guidelines. 
Risk factors for misdiagnosed site of infection include older age, dementia, a positive 
urine sediment test result without urinary symptoms, and particular suspected sites 
of infection (intravascular, CNS, and bone and joint). Additional studies are needed 
to confirm these risk factors for misdiagnosis of infection at the ED and to further 
explore the association of misdiagnosed site of infection and adverse outcomes. 

AUTHOR CONTRIBUTIONS

Ms Dregmans and Dr Kaal had full access to all the data in the study and take 
responsibility for the integrity of the data and the accuracy of the data analysis. 
Ms Dregmans and Dr Kaal contributed equally to this study. 

Concept and design Dregmans, Kaal, Meziyerh, Steyerberg, van Nieuwkoop. 
Acquisition, analysis, or interpretation of data: All authors. Drafting of the 
manuscript : Dregmans, Kaal, Meziyerh, van Nieuwkoop. Critical revision of the 
manuscript for important intellectual content: All authors. Statistical analysis: 
Dregmans, Kaal, Meziyerh, Steyerberg, van Nieuwkoop. Obtained funding: Meziyerh, 
van Nieuwkoop. Administrative, technical, or material support: Kaal, Meziyerh. 
Supervision: Kaal, Meziyerh, van Nieuwkoop.

CONFLICT OF INTEREST DISCLOSURES

None reported. 



114

Chapter 5

FUNDING/SUPPORT 

This work was supported by unrestricted grant T18-040 from the Haga Scientific 
Research Fund. 

ROLE OF THE FUNDER/SPONSOR

The funding source had no role in the design and conduct of the study; collection, 
management, analysis, and interpretation of the data; preparation, review, or 
approval of the manuscript; and decision to submit the manuscript for publication. 



5

115

Misdiagnosed site of infection in the emergency department  

SUPPLEMENTARY MATERIAL



116

Chapter 5

REFERENCES

1.	 Guly HR. Diagnostic errors in an accident and emergency department. Emerg Med J. 
2001;18(4):263-269. doi: 10.1136/emj.18.4.263 

2.	 Hussain F, Cooper A, Carson-Stevens A, et al. Diagnostic error in the emergency 
department: learning from national patient safety incident report analysis. BMC Emerg 
Med. 2019;19(1):77. doi:10.1186/s12873-019-0289-3 

3.	 Jayaprakash N, Chae J, Sabov M, Samavedam S, Gajic O, Pickering BW. Improving 
diagnostic fidelity: an approach to standardizing the process in patients with emerging 
critical illness. Mayo Clin Proc Innov Qual Outcomes. 2019;3(3):327-334. doi:10.1016/j.
mayocpiqo.2019.06.001 

4.	 Newman-Toker DE,Wang Z, Zhu Y, et al. Rate of diagnostic errors and serious misdiagnosis-
related harms for major vascular events, infections, and cancers: toward a national incidence 
estimate using the “Big Three”. Diagnosis (Berl). 2020;8(1):67-84. doi:10.1515/dx-2019-
0104 

5.	 Graber ML. The incidence of diagnostic error in medicine. BMJ Qual Saf. 2013;22(suppl 
2):ii21-ii27. doi:10.1136/bmjqs-2012-001615 

6.	 Newman-Toker DE. A unified conceptual model for diagnostic errors: underdiagnosis, 
overdiagnosis, and misdiagnosis. Diagnosis (Berl). 2014;1(1):43-48. doi:10.1515/dx-2013-
0027 

7.	 Zwaan L, Singh H. The challenges in defining and measuring diagnostic error. Diagnosis 
(Berl). 2015;2(2): 97-103. doi:10.1515/dx-2014-0069 

8.	 Committee on Diagnostic Error in Health Care, Board on Health Care Services, Institute 
of Medicine, The National Academies of Sciences, Engineering, and Medicine. Improving 
diagnosis in health care. In: Balogh EP, Miller BT, Ball JR, eds. Improving Diagnosis in Health 
Care. National Academies Press; 2015. 

9.	 Zwaan L, de Bruijne M,Wagner C, et al. Patient record review of the incidence, consequences, 
and causes of diagnostic adverse events. Arch Intern Med. 2010;170(12):1015-1021. 
doi:10.1001/archinternmed.2010.146 

10.	 Hautz WE, Kämmer JE, Hautz SC, et al. Diagnostic error increases mortality and length of 
hospital stay in patients presenting through the emergency room. Scand J Trauma Resusc 
Emerg Med. 2019;27(1):54. doi:10.1186/s13049-019-0629-z 

11.	 Atamna A, Shiber S, Yassin M, Drescher MJ, Bishara J. The accuracy of a diagnosis of 
pneumonia in the emergency department. Int J Infect Dis. 2019;89:62-65. doi:10.1016/j.
ijid.2019.08.027 

12.	 Abe T, Tokuda Y, Shiraishi A, et al; JAAM SPICE Study Group. In-hospital mortality 
associated with the misdiagnosis or unidentified site of infection at admission. Crit Care. 
2019;23(1):202. doi:10.1186/s13054-019-2475-9 

13.	 Newman-Toker DE, Schaffer AC, Yu-Moe CW, et al. Serious misdiagnosis-related harms in 
malpractice claims: The “Big Three”—vascular events, infections, and cancers. Diagnosis 
(Berl). 2019;6(3):227-240. doi:10.1515/dx-2019-0019 

14.	 Caterino JM, Stevenson KB. Disagreement between emergency physician and inpatient 
physician diagnosis of infection in older adults admitted from the emergency department. 
Acad Emerg Med. 2012;19(8):908-915. doi:10.1111/j.1553-2712.2012.01415.x 



5

117

Misdiagnosed site of infection in the emergency department  

15.	 Morr M, Lukasz A, Rübig E, Pavenstädt H, Kümpers P. Sepsis recognition in the emergency 
department: impact on quality of care and outcome? BMC Emerg Med. 2017;17(1):11. 
doi:10.1186/s12873-017-0122-9 

16.	 Tellor B, Skrupky LP, SymonsW, High E, Micek ST, Mazuski JE. Inadequate source control and 
inappropriate antibiotics are key determinants of mortality in patients with intra-abdominal 
sepsis and associated bacteremia. Surg Infect (Larchmt). 2015;16(6):785-793. doi:10.1089/
sur.2014.166 

17.	 Netherlands Trial Register. Predicting Microbiological and Clinical Outcomes of Patients 
With Suspected Bacteremia Presenting at Emergency Department: A Prospective 
Observational Study. NL7852. Accessed May 12, 2022. https://www.trialregister.nl /
trial/7852 

18.	 Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801-810. 
doi:10.1001/jama.2016.0287 

19.	 Quan H, Li B, Couris CM, et al. Updating and validating the Charlson comorbidity index and 
score for risk adjustment in hospital discharge abstracts using data from 6 countries. Am 
J Epidemiol. 2011;173(6):676-682. doi:10.1093/aje/kwq433 

20.	 Loeb M, Bentley DW, Bradley S, et al. Development of minimum criteria for the initiation 
of antibiotics in residents of long-term-care facilities: results of a consensus conference. 
Infect Control Hosp Epidemiol. 2001;22 (2):120-124. doi:10.1086/501875 

21.	 DutchWorking Party on Antibiotic Policy (SWAB). SWAB Guidelines for Antibacterial 
Therapy of Adult Patients With Sepsis. SWAB; 2010. Accessed May 12, 2022. https://
swab.nl/exec/file/download/44 

22.	 Tibshirani R. Regression shrinkage and selection via the lasso. J R Stat Soc B. 
1996;58(1):267-288. doi:10.1111/j.2517-6161.1996.tb02080.x 

23.	 Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained equations: what is it 
and how does it work? Int JMethods Psychiatr Res. 2011;20(1):40-49. doi:10.1002/mpr.329 

24.	 Steyerberg EW. Clinical Prediction Models: A Practical Approach to Development, 
Validation, and Updating. Springer; 2009. doi:10.1007/978-0-387-77244-8 

25.	 World Health Organization. Global Action Plan on Antimicrobial Resistance.World Health 
Organization; 2015. 

26.	 Caterino JM, Kline DM, Leininger R, et al. Nonspecific symptoms lack diagnostic accuracy for 
infection in older patients in the emergency department. J AmGeriatr Soc. 2019;67(3):484-
492. doi:10.1111/jgs.15679 

27.	 Flokas ME, Andreatos N, Alevizakos M, Kalbasi A, Onur P, Mylonakis E. Inappropriate 
management ofasymptomatic patients with positive urine cultures: a systematic review 
and meta-analysis. Open Forum Infect Dis.2017;4(4):ofx207. doi:10.1093/ofid/ofx207 


