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A point-of-care test is broadly defined as 
a diagnostic test that is performed at or 

near the site of care. It has a fast turnaround 
time enabling an expedited clinical decision 
that may lead to an improved patient out-
come. Generally speaking, point-of-care tests 
for pediatric infectious diseases can be classi-
fied into 2 categories: pathogen-specific tests 
(eg, respiratory syncytial virus) or host bio-
markers (eg, C-reactive protein [CRP], pro-
calcitonin [PCT]). The number of available 
tests has increased exponentially, also fueled 
by the high demand in resource-limited set-
tings for point-of-care solutions where labo-
ratory infrastructures are lacking (eg, HIV 
and malaria). However, many unmet needs 
remain either for specific pathogens or 
because tests only partially meet the basic 
requirements for an implementable test that 
may lead to an improvement in patient out-
comes. We summarize the requirements for 
a high-impact point-of-care test for pediatric 
infections.

CRITERIA FOR AN IDEAL  
POINT-OF-CARE TEST

For a test to allow expedited diagno-
sis and an improvement in health outcome, 
several criteria have to be met. The World 
Health Organization Sexually Transmitted 
Diseases Diagnostics Initiative developed 
the “ASSURED” criteria detailing bench-
mark characteristics for a point-of-care test 
in resource-limited settings.1 Many of the cri-
teria can be expanded to point-of-care tests 
in pediatric infectious diseases more broadly. 
We propose the following criteria (Table 1) 
based on which point-of-care tests should be 
rigorously assessed before implementation in 
clinical practice.

Cost-effectiveness
Affordability is driven heavily by the 

context of implementation, and cost-effec-
tiveness can be difficult to define because 
benefits are often indirect and long term, for 
example, the mitigation of antibiotic resist-
ance through the use of point-of-care bio-
markers to improve antibiotic prescription. 
Nevertheless, costing data should be col-
lected prospectively in research studies for 
cost-benefit analysis to allow stakeholders to 
make informed policy decisions.

Sufficient Diagnostic Accuracy 
and Reliability

An important first step in a test’s 
validation is the determination of its accu-
racy and reliability. Such studies have been 
performed for most commercially available 
point-of-care tests, usually through estima-
tion against a diagnostic gold standard. Sev-
eral issues should be considered when per-
forming accuracy studies.

First, adequate and comparable gold 
standards are often not available for pediatric 
infections. This is because microbiologic lab-
oratory testing is neither perfectly sensitive 
nor specific and cannot differentiate between 
true infection (causing the present infectious 
episode), comorbid infection, incidental 
infection and carrier state. Imaging studies 
also have limitations: for example, consoli-
dation on chest radiograph has been used as 
a surrogate for bacterial pneumonia, but only 
a minority of radiographic pneumonia is 
bacterial in origin.2 Furthermore, gold stand-
ards may be defined variably across research 
groups: for example, some consider pyuria as 
a diagnostic criterion for urinary tract infec-
tion in addition to bacteriuria, while others 
do not.

Second, accuracy studies should be 
performed in the context in which the test will 
be used. The performance characteristics of a 
test will depend on the epidemiologic context 
and level of care (spectrum bias). Most host 
biomarker validation studies have been car-
ried out in hospital settings.3 Findings may 
not be directly translatable to lower preva-
lence, outpatient settings. In general, the aim 
of performing point-of-care tests for pediat-
ric infections is usually not to categorically 
make or exclude a diagnosis but to generate 
a posttest probability through interpretation 
of the test result based on the pretest prob-
ability. Point-of-care tests are not suitable as 
screening tests but should be applied only to 
patients with sufficient pretest probability of 
having the disease. As a result, the assess-
ment of the accuracy of any diagnostic test 
should be performed within specific clinical 
scenarios and with the future, specific pur-
pose of the diagnostic test in mind.4
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The use of a combination of several 
tests, either concomitantly or sequentially, 
has become an attractive prospect for point-
of-care testing, for example, using several 
host biomarkers to identify children with 
serious bacterial infection5 or pathogen-
specific multiplex platforms after an initial 
biomarker rule-in step. Combinations of tests 
should be evaluated in diagnostic accuracy 
studies. There is a risk that using multiplex 
solutions may lead to undesired “side effects” 
in that pathogens are identified that would 
have usually not been searched for by the cli-
nician, which may lead to unnecessary anti-
biotic treatment. Finally, test performance 
characteristics may vary by site of operation. 
Results from laboratory-based studies may 
differ from findings when a test is operated in 
a clinical setting.4 Ideally, a test should hence 
be validated at the targeted site of operation.

Impact on Patient Outcome
In addition to the assessment of 

analytical performance, validation studies 
should assess the impact on relevant patient 
outcomes. Such outcomes, among others, 
include mortality, complications from infec-
tions, hospitalizations, duration of hospitali-
zation and rates of antibiotic prescription. 
In pediatric infectious diseases, the vast 
majority of studies have focused on test 
accuracy assessments and only few meas-
ured the effect of point-of-care testing on 
patient outcomes in the appropriate clinical 
setting.6,7 Outcome-based evaluations are of 
particular importance for pediatric infec-
tions due to the abovementioned lack of 
adequate gold standards. As a consequence, 
missing a diagnosis based on available sur-
rogate markers (eg, radiographic consoli-
dation as an imperfect marker for bacterial 
pneumonia) may not translate into clinically 
relevant patient outcomes (eg, complica-
tions if no antibiotic treatment is given). 
Conversely, a test with only moderate per-
formance in accuracy studies may actually 
have a significant impact on patient out-
comes. For example, initiating a treatment 
early based on a rapid point-of-care test may 
provide advantages over delaying treatment 

for a more accurate, laboratory-based test 
result (eg, antibiotic treatment for multidrug 
resistant tuberculosis based on rapid “Xpert 
MTB/RIF” testing rather than culture and 
drug sensitivity testing).

User-friendly, Rapid and 
Adequate Technology

Though many novel host biomarkers 
and pathogen-specific tests have been devel-
oped, few are available in point-of-care for-
mats. The efficiency of any test, or combina-
tion of tests will depend on many operational 
considerations and having an adequate test 
platform will be a key to impact on health 
outcomes.4 Many types of technology and 
methods of use have been developed and can 
translate into a point-of-care test.8 The fol-
lowing basic requirements should be consid-
ered:

The requirements for a testing plat-
form depend above all on the patient popu-
lation and care setting. Point-of-care tests in 
pediatrics are most often applied in outpa-
tient settings and as the type of sample plays 
a particular role, collection should be sim-
ple. Saliva (not sputum), nasopharyngeal 
swabs and capillary blood are the easiest 
to obtain. Urine is acceptable but difficult 
to collect sterilely in pediatric patients. For 
application in resource-limited settings, a 
test platform has to be robust to meet further 
requisites such as nonreliance on electricity, 
running water or refrigeration, resistance 
to heat and dust, availability and storage 
of reagents. A platform should be able to 
run several test applications. The ideal for-
mat would be an open-source solution into 
which numerous tests can be built in. This 
would avoid the requirement for several 
test platforms, limited operational errors, 
simplified training and quality management 
needs, and streamline data connectivity 
issues. Data management systems should 
be vendor-neutral and compatible across 
different platforms. This will also allow the 
integration of point-of-care test results with 
electronic health systems.

Platforms should be easy to operate 
to minimize errors, as they are handled by 

staff with very limited training in laboratory 
procedures. For example, testing should be 
as automated as possible and not involve 
further sampling processing steps (such as 
centrifugation or pipetting). The turnaround 
time of a test should be fast enough to expe-
dite clinical decision-making, ideally less 
than 15 minutes. As selection of appropriate 
candidates for testing and the interpretation 
of test results in the epidemiologic context 
are important, the application of point-of-
care tests by providers with limited clinical 
training requires clear guidance and clini-
cal algorithms for appropriate and optimal 
usage.

CRP AND PCT: ESTABLISHED 
POINT-OF-CARE BIOMARKERS 
FOR PEDIATRIC INFECTIONS

CRP and PCT have been assessed com-
prehensively for the performance in detect-
ing children with serious bacterial infections. 
Van den Bruel et al3 systematically reviewed 
diagnostic accuracy studies. Both CRP and 
PCT had diagnostic value in ruling in and 
ruling out serious bacterial infections among 
pediatric patients presenting with fever (posi-
tive likelihood ratios ranged 2.4–3.8 for CRP, 
1.8–3.1 for PCT; negative likelihood ratios 
ranged 0.3–0.6 for CRP, 0.1–0.4 for PCT). 
Both tests outperformed white blood cell 
count. Several studies have assessed the diag-
nostic accuracy of PCT and CRP for the diag-
nosis of pyelonephritis using dimercaptosuc-
cinic acid scan as a gold standard diagnosis. 
A recent Cochrane review reported that PCT 
at a cutoff of 0.5 ng/mL, and CRP at a cutoff 
of 20 mg/L had a sensitivity of 86% and 94% 
and a specificity of 74% and 39%, respec-
tively.9 There is also evidence that CRP and 
PCT are helpful in detecting bacterial pneu-
monia in children. In the recent Pneumonia 
Etiology Research for Child Health Study, 
a CRP cutoff of 37 mg/L distinguished 119 
HIV-negative children with bacterial pneu-
monia from 556 HIV-negative children with 
respiratory syncytial virus pneumonia with a 
sensitivity of 77% (95% confidence interval 
[CI]: 69%–84%) and a specificity of 82% 
(95% CI: 78%–85%). Similarly, CRP and 
PCT were helpful in detecting children with 
radiographic consolidation suggestive of bac-
terial pneumonia in a Swiss study of 142 chil-
dren with pneumonia.10 One major limitation 
of CRP and PCT is that they are both markers 
targeted for bacterial infection. Recent evi-
dence has suggested that combining bacterial 
markers with viral markers of infection, such 
as the combination of CRP, TRAIL and IP10, 
may yield better diagnostics performance.11 
The performance of this combination in out-
come-based studies remains to be determined 
and point-of-care test solutions are still under 
development.

TABLE 1. Quality Criteria for Point-of-care Test

World Health Organization  
ASSURED Criteria

Proposed Criteria for an Ideal Diagnostic Point-of-care 
Test in Pediatric Infectious Diseases

Affordable Cost-effective
Sensitive Sufficient diagnostic accuracy and reliability
Specific  
 Impact on patient outcome/clinical benefit
User-friendly User-friendly
Robust and rapid Rapid
Equipment-free
Deliverable to those who need them

Adequate operational technology geared to environment 
of application
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CONCLUSIONS
Point-of-care tests for the diagno-

sis of infections among pediatric patients 
are increasingly available with the potential 
to improve patient outcomes as they may 
allow expedited clinical decision-making. 
Their potential impact is especially high in 
resource-limited settings where laboratory 
infrastructures are lacking. Any point-of-care 
test should be rigorously assessed on the basis 
of test accuracy and impact on patient out-
come at the intended site of use before routine 
implementation. Clinical decision algorithms 
should be developed and validated that allow 
appropriate selection of patients for testing 
and the correct interpretation of test results. 
The efficiency of any test will depend on 
additional operational variables such as cost 
and adequate testing platforms, which should 
be considered early on. A multidisciplinary 
approach is required to develop effective and 
applicable point-of-care diagnostic solutions 

to improve outcomes of pediatric patients 
with infections.
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