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Key summary points
Aim  To describe the range of near-patient tests for UTI in older people and their predictive properties.
Findings  Near-patient tests for UTI in older people in urgent care settings have been poorly evaluated and have limited 
predictive properties.
Message  A wide range of existing and novel tests might be useful in diagnosing UTI, but a more limited number (17) are 
potentially feasible to apply in the urgent care setting. Clinicians should be vigilant about over-reliance on near-patient 
diagnostic tests when assessing older people with possible UTI. Further studies are required to define optimal approaches 
for diagnosing UTI in older people in urgent care settings.

Abstract
Purpose  The aim of this study was to map out the existing knowledge on near-patient tests for urinary tract infections, and 
use a consensus building approach to identify those which might be worthy of further evaluation in the urgent care context, 
defined as clinically useful and feasible results available within 4–24 h.
Methods  A systematic search for reviews describing diagnostic tests for UTI was undertaken in Medline, EMBASE, 
Cochrane database of systematic reviews and CINAHL selected reviews were retained according to a priori inclusion and 
exclusion criteria, and then graded for quality using the CASP tool for reviews. A consensus process involving microbiolo-
gists and chemical pathologists helped identify which test might conceivably be applied in the urgent care context (e.g. 
Emergency Department, giving results within 24 h).
Results  The initial search identified 1079 papers, from which 26 papers describing 35 diagnostic tests were retained for 
review. The overall quality was limited, with only 7/26 retained papers scoring more than 50% on the CASP criteria. Reviews 
on urine dipstick testing reported wide confidence intervals for sensitivity and specificity; several raised concerns about urine 
dip testing in older people. A number of novel biomarkers were reported upon but appeared not to be helpful in differentiat-
ing infection from asymptomatic bacteriuria. Blood markers such as CRP and procalcitonin were reported to be helpful in 
monitoring rather than diagnosing UTI. The consensus process helped to refine the 35 test down to 17 that might be useful in 
the urgent care context: urinalysis (nitrites and leucocytes), uriscreen catalase test, lactoferrin, secretory immunoglobulin A, 
xanthine oxidase, soluble triggering receptor expressed on myeloid cells, A-1 microglobulin (a1 Mg) and a1 Mg/creatinine 
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ratio, cytokine IL-6, RapidBac, MALDI-TOF, electronic noses, colorimetric sensor arrays, electro chemical biosensor, WBC 
count (blood), C-reactive peptide, erythrocyte sedimentation rate.
Conclusions  A wide range of diagnostic tests have been explored to diagnose UTI, but, in general, have been poorly evalu-
ated or have wide variation in predictive properties. This study identified 17 tests for UTI that seemed to offer some primes 
and merit further evaluation for diagnosing UTI in older people in urgent care settings.

Keywords  Older people · Urinary tract infection · Systematic review · Diagnostic testing

Introduction

Older people are major users of urgent care in Western coun-
tries [1, 2], and increasingly in the developing world [3]. 
Global hospitalisation rates for infection and/or sepsis range 
between 3 and 7000 per 100,000 population with the high-
est rates being seen in the oldest old, in whom infection is 
the cause for admission in 10–15% [4–6]. The diagnosis of 
infection in older people can present a significant challenge 
for clinicians, particularly in urgent care settings [7]. A par-
ticular confounder is the high frequency of ‘Non-Specific 
Presentations’ (NSPs) in older patients, i.e. confusion, falls 
or new immobility [8–13]. Between 50 and 80% of NSPs 
have an acute underlying cause which is frequently an infec-
tion (largely respiratory and urinary tract) [14–16]. A spe-
cific consideration in the context of urinary tract infection 
(UTI) is the frequency of asymptomatic bacteriuria, which 
should not be treated [17–20], but may be misinterpreted as 
the cause of the presentation. As many as 25%–50% of older 
women and 15%–40% of older men in long-term care facili-
ties are bacteriuric [21]; colonisation of urinary catheters is 
extremely common [22].

Clinicians risk both overdiagnosis and underdiagnosis 
of infection, for example, attributing non-specific signs and 
symptoms such as increased confusion and loss of function 
indiscriminately to infection. Overprescription of antibiotics 
is linked to the development of antimicrobial resistance as 
well as unnecessarily exposing patients to potentially harm-
ful adverse events such as C. Difficile infection. Underdi-
agnosis may result in the development of sepsis. Biomark-
ers such as white cell count (WCC) and C-reactive protein 
(CRP), which may have otherwise been useful in the absence 
of classic signs and symptoms of infection, lack sensitivity 
and specificity in this population [23–25].

There appears to be a need for a greater research into the 
role and advantages of near-patient diagnostic tests for the 
accurate and timely diagnosis of urinary tract infection in 
older people [26]. Use of near-patient tests with good sen-
sitivity and specificity described in existing literature may 
allow for quicker confirmation of UTI diagnosis compared 
to standard tests for UTI (namely urine dipstick) and help 
avoid the issues raised above.

The aim of this study was to map out the existing knowl-
edge on near-patient tests for urinary tract infections, and 
use a consensus building approach to identify those which 
might be worthy of further evaluation in the urgent care con-
text, defined as clinically useful and feasible results available 
within 4–24 h.

Methods

Mapping review

A systematic search for reviews describing diagnostic tests 
for UTI in Medline, EMBASE, Cochrane database of sys-
tematic reviews, and CINAHL was conducted in July 2018 
using the following terms:

	 1.	 Urinary tract infections.mp. or exp Urinary Tract Infec-
tions/.

	 2.	 urinary infection*.mp.
	 3.	 uti.mp.
	 4.	 exp PYELONEPHRITIS/or pyelonephritis.mp.
	 5.	 1 or 2 or 3 or 4.
	 6.	 exp Point-of-Care Testing/
	 7.	 bedside test*.tw.
	 8.	 poct.tw.
	 9.	 “point of care test*”.tw.
	10.	 near patient test*.tw.
	11.	 rapid diagnostic test*.tw.
	12.	 6 or 7 or 8 or 9 or 10 or 11
	13.	 5 and 12
	14.	 (review* or systematic or meta-analysis*).mp. 

[mp = title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, syno-
nyms]

	15.	 limit 13 to (English language and “review articles”)
	16.	 13 and 14
	17.	 15 or 16
	18.	 limit 17 to English language
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Studies were included for review if they met the inclu-
sion criteria:

•	 Reviews (literature, systematic or meta-analysis).
•	 Any near-patient test that could be used to make a diag-

nosis of UTI within 24 h.
•	 Not limited by age or setting.
•	 Management guidelines or policies which described 

UTI diagnosis.

Studies were excluded if they met any of the following 
criteria:

•	 Studies regarding the prevention of catheter-associated 
UTI.

•	 Studies regarding cytology for possible cancer diagno-
sis.

•	 Reviews focusing on specific causative organisms.
•	 Coding studies.
•	 Studies where haematuria was the only presenting com-

plaint.
•	 Studies regarding sexually transmitted diseases.
•	 Studies regarding drug or other treatment modalities.
•	 Original papers.
•	 Studies investigating causes or risk factors for UTI, e.g. 

imaging for tract abnormalities.
•	 Editorials or opinion pieces.

Titles and abstracts of these reviews were screened by 
two reviewers (SC and MJ) and consensus was reached 
for each as to their compliance with the pre-determined 
inclusion/exclusion criteria. Reviewer agreement for the 
first 2 years of potential papers was tested on 27 papers, 
kappa 0.78 SD 0.19; 89% agreement; disagreements 
were resolved by discussion. The full text was sought for 
selected articles or those with ambiguous or unobtainable 
abstracts.

The full text of retained articles was read to check eligi-
bility inclusion criteria. The selected papers were read and 
near-patient tests mentioned within them were identified. 
Data regarding their diagnostic accuracy, including sensi-
tivity, specificity, Positive/Negative Predictive Value (PPV/
NPV), Positive/Negative Likelihood Ratios (PLR/NLR) 
where included, were extracted by MJ.

A quality assessment of each retained review was carried 
out by the SC and MJ using the Critical Appraisal Skills Pro-
gramme (CASP) Checklist for Review Articles. CASP com-
prises of ten questions which, when applied to a review and 
each question is answered with a score (yes = 2, maybe = 1, 
no = 0), culminate in an overall score out of 14–16 points per 
article (depending upon whether or not a meta-analysis was 
included). The mean of the reviewer’s combined scores was 
used as the final quality grading.

Selecting tests for further evaluation

To select out tests that could be used in the urgent care set-
ting and with existing technologies (or technology that might 
be reasonably adapted to the urgent is context—character-
ised by the need for rapid results (< 24 h) and high volumes), 
we used a consensus building approach. Table 1 was pre-
sented to a team of microbiologists, along with the aims of 
the study and more detailed descriptions of the test methods. 
The microbiology team reviewed each of the different tests 
for their potential use in the urgent care context. Additional 
discussions were undertaken involving two chemical pathol-
ogists to advise upon the blood markers.

Results

Mapping review

The initial search identified 1079 papers; de-duplicating 
removed 45 papers, leaving 1034 for review (Fig. 1).

36 diagnostic tests were identified within the literature 
and data or statements regarding their diagnostic accuracy 
were tabulated alongside a description of the test and the 
paper’s CASP score (Table 1). The overall quality was lim-
ited, with only 7/26 papers scoring more than 50% using the 
CASP criteria. This review did not undertake a meta-anal-
ysis as it only reports the summary values from individual 
reviews rather than the source data; Table 1 indicates the 
range of predictive values reported.

A wide range of diagnostic tests for the diagnosis of 
UTI have been reported in the literature. The higher qual-
ity papers (CASP score > 60%—Baracco [27], Eriksen [32], 
Masajtis-Zagajewskain [33], Rogozinska [34], Shang [39]) 
generally highlighted better negative predictive value for uri-
nalysis when nitrates and leucocytes were both absent but 
recognised that positive urine diptests do not overcome the 
issue of asymptomatic bacteriuria. All reported wide confi-
dence intervals for sensitivity and specificity. Many reviews 
concluded that urine dipsticks were not suitable for the diag-
nosis of UTI in older people (Eriksen [32], Davenport [29], 
Masajtis-Zagajewskain [33], Biardeau [36]).

Shang [39] suggested that flow cytometry testing for leu-
cocytes and nitrites might reduce the need for laboratories 
to process quite so many specimens, but did not help achieve 
an early diagnosis. Masajtis-Zagajewskain [33] reported on 
a number of novel biomarkers, some of which appeared 
promising (e.g. heparin-binding protein) and Eriksen [32] 
on cytokine IL-6 but none of these appeared to be able to 
distinguish between infection and asymptomatic bacturia.

Biosensors for volatile organic compounds as described 
by Davenport [29] showed high sensitivity and specificity 
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although it is not yet clear whether they have the capability 
to differentiate between asymptomatic bacturia and UTI.

Baracco [27], Biardeau [36], Burillo [41] and Shaikh [43] 
all suggested that CRP might be helpful for monitoring treat-
ment response, but not for diagnosing UTI. Procalcitonin 
was reported in five reviews, with the more robust reviews 
(Masajtis-Zagajewskain [33], Shaikh [43]) highlighting wide 
confidence intervals.

Overall, no marker came out as sufficiently sensitive 
and specific, with robust likelihood ratios to differentiate 
between genuine UTI and asymptomatic bacturia.

Selecting tests for further evaluation

An initial presentation of Table 2 and the study aims were 
made to a group of six clinical microbiologists at the Leices-
ter Royal Infirmary in December 2018. The group acknowl-
edged the clinical conundrum and the limitations of cur-
rent diagnostic approaches. Two consultant microbiologists 
agreed to review the tests for use in the urgent care context; 
the results of their deliberations and those of the chemical 
pathologists are shown in Table 2.

The final list of test was retained for further examination 
following discussions with the microbiology team included:

•	 Urinalysis (nitrites and leucocytes): sensitivity 59–83%, 
specificity 79–94%Ta
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•	 Uriscreen catalase test: sensitivity 50–78%, specificity 
98–100%

•	 Lactoferrin: no data
•	 Secretory immunoglobulin A: no data
•	 Xanthine oxidase: sensitivity 100%, specificity 100%
•	 Soluble triggering receptor expressed on myeloid cells: 

no data

•	 A-1 microglobulin (a1 Mg) and a1 Mg/creatinine ratio
•	 Cytokine IL-6: specific to UTI
•	 RapidBac: sensitivity 96%, specificity 94%
•	 MALDI-TOF: sensitivity 67%, specificity 100%
•	 Electronic noses: sensitivity 95%, specificity 97%
•	 Colorimetric sensor arrays: sensitivity 91%, specificity 

99%

Table 2   Selection process for near-patient test for UTI derived from the mapping review

Diagnostic test Comments from clinical microbiologists Retain?

Urinalysis Quick, simple and easy to use, but concerns about validity Yes
Griess test for nitrites No added benefit over standard urinalysis No
Chlorhexidine reaction Not practical in the urgent care setting No
Uriscreen catalase test Could be useful; takes about 10 min to complete. May miss catalase negative 

organisms
Yes

Novel biomarkers
 Elastase alpha (1)-proteinase Not possible No
 Lactoferrin Potentially helpful Yes
 Secretory immunoglobulin A Potentially helpful Yes
 Heparin-binding protein Not practical in the urgent care setting No
 Xanthine oxidase Potentially helpful Yes
 Soluble triggering receptor expressed on myeloid cells Potentially helpful Yes
 A-1 microglobulin (a1 Mg) and a1 Mg/creatinine ratio Possible Yes
 Cytokine IL-6 Potentially helpful Yes
 RNA Biosignatures Not practical and does not circumvent asymptomatic bacteriuria conundrum No
 3-Protein Signature Not possible No
 Uricult Takes more than 24 h No
 Dipslide with Gram staining on uncentrifuged urine Takes more than 24 h No
 RapidBac Not currently licensed for human use but potentially helpful and quick Yes
 Flow cytometry Primarily for use in microbiology laboratories No

Microscopy
 Centrifuged urine sample Not practical in the urgent care setting No
 Gram stain Not practical in the urgent care setting No
 Urine culture (48 h) Not practical in the urgent care setting No

Analytic tools
 Urised Not practicable and offers little over urine dipstick testing No
 MALDI-TOF Potentially useful and newer devices can obtain results in less than 6 h Yes

Biosensors for volatile organic compounds
 Electronic noses Potentially helpful Yes
 Colorimetric sensor arrays Potentially helpful Yes
 Electro chemical biosensor Potentially helpful Yes

Genome sequencing tools
 FISH Not practicable and offers little over MALDI-TOF No
 Multiplex PCR Not practicable and offers little over MALDI-TOF No

Blood tests
 Blood cultures Takes more than 24 h (but needed as reference test) No
 WBC count Potentially helpful Yes
 Inflammatory markers Potentially helpful Yes
 CRP Potentially helpful Yes
 ESR Potentially helpful Yes
 Procalcitonin Potentially helpful Yes
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•	 Electro chemical biosensor: sensitivity 92%, specificity 
97%

•	 WBC count (blood): no data specific to UTI
•	 CRP: sensitivity 85–97%, specificity 23–58%
•	 ESR: sensitivity 77–93%, specificity 32–64%
•	 Prolactin: 0.25 ng/mL—sensitivity 89–98%, specific-

ity 46-55%; 0.5 ng/mL—sensitivity 71–93%, specificity 
55–87%

Discussion

The aim of this study was to identify near-patient diagnos-
tic tests for UTI described in the existing review literature, 
which may have the potential to improve the diagnosis of 
UTI in the urgent care context. The review identified a range 
of these tests and attempted to gain an idea of their diagnos-
tic accuracy. Following the review and consensus exercise, 
17 diagnostic tests were considered potentially useful to take 
forward for further evaluation. There was not one test alone 
that stood out as being ‘gold standard’, and in practice it 
is likely that a number of tests used in combination will 
help improve the approach to diagnose UTI. For example, 
RapidBac is good at identifying true negatives (the absence 
of bacteria in the urine), and procalcitonin in combination 
with a urine dipstick positive for nitrites and white cells 
is good at identifying true positives{Levine, 2018 #5098}.
Most previous work in this field has focused upon clinical 
features and urine dipstick testing when creating diagnostic 
algorithms{Scottish Intercollegiate Guidelines Network, 
2012 #3108}{Rowe, 2014 #3568}, which has obvious limi-
tations when the clinical features are not easily ascertained 
because of communication barriers. This, a more objective 
approach using a combination of test, appears to be a logical 
way forward. However, which combination of tests works 
best will also depend upon the context—what is available 
in the primary care will not be the same as in the secondary 
care. Aside from sensitivity and specificity, practical consid-
erations such as cost, acceptability to patients and clinician, 
and speed of results being available will strongly influence 
the choice of tests. Over-reliance on objective testing also 
presents a danger, as it is only the clinical presentation that 
helps differentiate asymptomatic bacturia from genuine uri-
nary tract infection. Any future approach to diagnose UTI 
will need to pay careful attention to the clinical phenotype 
as well as the microbiology.

Apart from which tests to use, sample collection tech-
niques represent an important area identified during an 
interview study of clinicians managing patients with pos-
sible UTI in the Emergency Department (ED)38. This study 
revealed widespread misunderstanding of sample collection 
techniques, as well as highlighting some of the practical 
challenges when trying to gather urine samples from older 

people with immobility, confusion and other barriers. Whilst 
the presence of a urinary catheter might make specimen col-
lection easier, it introduces the problem of asymptomatic 
bacturia related to colonised catheters.

The strengths of this mapping review are a systematic and 
broad search for potentially useful near-patient diagnostic 
tests which, combined with a feasibility consensus exer-
cise with relevant stakeholders, produced a succinct list of 
diagnostic tests with the potential for further study focused 
on rapid diagnosis in the urgent care context. This consen-
sus building process ensured that the tests identified by the 
search were practicable and grounded in clinical reality. No 
formal voting process that was used as the goal was not to 
rank tests but to determine if they could be considered for 
evaluation in a future study of older people with possible 
urinary tract infection.

A review of reviews, by definition only provides a high-
level overview of tests used, along with brief summaries 
of test characteristics and performance in specific settings; 
however, all of the individual reviews are referenced here 
for reading. The review that captured all tests has been 
reported for the diagnosis of UTI, but did not consider their 
practicality and utility in an urgent care context. A further 
weakness is the lack of detail on emerging tests, such as 
those that have been reported, or that appear in the grey 
literature, which may be relevant, but are not yet represented 
in reviews. Although the consensus discussion did not iden-
tify any additional diagnostic tests, a more definitive review 
would require a forward search to ensure no new techniques 
have been omitted.

In our interview study of clinicians who manage patients 
with possible UTIs in urgent care settings, we identified 
that sample collection technique was a significant factor 
in ensuring the timely and accurate diagnosis of UTI, as 
well as the test characteristics [7]. The study revealed wide-
spread misunderstanding of sample collection techniques 
and highlighted a number of practical challenges on obtain-
ing samples from older people with complex needs such as 
immobility or acute or chronic confusion. Urinary catheters 
can facilitate easy sample collection but introduce the risk 
of detecting an asymptomatic bacteria related to colonisation 
of the catheter as opposed to infection of the urinary tract. 
A review to seek out additional evidence regarding sam-
ple collection and analysis such as novel sample collection 
techniques that are able to automatically collect and analyse 
samples (such as sanitary toilets [45]) would be helpful.

Recent Infectious Diseases Society of America Guid-
ance [26] highlights the complexity and the need for better 
evidence on diagnosing and managing UTI in older peo-
ple. This mapping review identified 17 clinically feasible, 
near-patient diagnostic tests with the potential to improve 
diagnosis of UTI in older patients in an urgent care setting. 
The process of diagnosing UTIs in this demographic setting 
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may significantly benefit from the introduction of one, or a 
combination of, these tests into routine practice. To estab-
lish which (if any) of these tests would be best suited for 
this task, further cohort studies investigating the diagnostic 
accuracy and practical acceptability (to clinicians, laboratory 
staff and patients) of them should be conducted. This review 
and consensus building process go some way to identifying 
tests for UTI in older people that merit further exploration in 
the urgent care setting, for example, through incorporating a 
range of tests into a Clinical Decision Support Tool that can 
guide clinicians through the complexity of diagnosing UTI.
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