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SUMMARY
Background. The applications of new diagnostic technolo-
gies such as near patient tests are relevant to the further
development and potential of primary care. Through their
use, doctors in the community may increase the accuracy
of their diagnoses and improve their ability to monitor dis-
ease. A reliable indicator of disease activity in various clini-
cal conditions is C-reactive protein (CRP) and a near patient
test for this is now available, although there is little infor-
mation on its use outside hospitals.
Aim. A study was set up to evaluate the feasibility of using
a novel near patient test for CRP in primary care to validate
the results against the laboratory 'gold standard' for CRP
(Beckman Array) and to compare results with the usual
inflammation test used in general practice.
Method. Prospective recording of CRP as a near patient test
on an 'intention to investigate' basis, with validation of
results against the Beckman Array system for CRP and hos-
pital laboratory erythrocyte sedimentation rate results, in
six general medical practices in Birmingham. Main out-
come measures were change in local laboratory usage,
characteristics of patients chosen for testing, use of quality
control, and comparison of readings with results from the
same sample sent to an independent laboratory.
Results. Tests of CRP levels were rarely requested before
the study was undertaken. During the 3-month study peri-
od, 181 near patient tests were carried out, 146 (81%) to
establish a diagnosis and the remainder for disease moni-
toring. Out of the tests, 67% were performed by general
practitioners, mostly during the consultation itself. Using a
cut-off level of 10 mg /1, the near patient test and the
Beckman Array gave results which agreed in 84% of cases.
The sensitivity and specificity of the near patient test
results were 97 and 79%, respectively. The predictive value
of a positive result was 59% and that of a negative result
was 99%. Cohen's Kappa was 62% and the overall mean
bias for results in the range of the test was 6.11 mg L' (SE =
3.07 mg 1-'). Each test took 6 min on average to perform,
including all preparations, blood letting, performing the
test and averaging the time for quality control estimations.
The cost per test averaged £1. 72, rising to £4.17 including
labour, capital costs, quality controls and consumables
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(general practitioner performing the assay at average fre-
quency found in this study).
Conclusions. Measurement of CRP is rarely used in primary
care and awareness of its value could be raised. This near
patient test proved feasible for use by general practitioners
and practice nurses. Its reliability compared with a labora-
tory result was satisfactory overall, and excellent with ade-
quate operator technique.

Keywords: C-reactive protein; near patient test; primary
care; validation.

Introduction
A CONTINUED emphasis of the National Health Service

reforms, being mirrored in most developed healthcare sys-
tems, is the transfer where practicable of more clinical activity
from hospital to community care.' Pressures also exist on practi-
tioners, for example with fundholding, to refer less and manage
more. However, to provide more and better care, continued
investment is required in the supporting infrastructure of primary
care. A crucial area of support will be access to diagnostic ser-
vices, since doctors in the community will need to increase the
accuracy of their diagnoses and improve their ability to monitor
disease if care is to be devolved safely. Therefore, the applica-
tions of new technologies, such as near patient testing, are highly
relevant to the further development and potential of primary care.
New near patient tests are rapidly becoming available,2 but

have been variably adopted in general practice. A study of desk-
top analysers in primary care found the near patient test practi-
tioners most wanted was the erythrocyte sedimentation rate
(ESR).3 This remains the most frequently measured inflamma-
tion parameter. However, a patient's ESR depends on many fac-
tors, such as the plasma concentration of fibrinogen, age and sex.
It responds slowly to exacerbations and remissions of disease
and to the effect of treatment. Therefore, it is not an ideal test in
either detecting or monitoring disease activity.4
Measurement of C-reactive protein (CRP), an acute-phase pro-

tein with a normal serum level of less than 10 mg 1-1 which may
increase rapidly within hours of an inflammatory stimulus such
as infection or tissue injury,56 is a reliable indicator of disease
activity in various clinical conditions7 including: distinguishing
between viral and bacterial infections;8 indicating response to
antimicrobial therapy;9 monitoring inflammatory conditions such
as rheumatoid arthritis'0 and systemic lupus erythematosus;"I and
surveillance of malignant disease.'2 A near patient test for CRP
is available as the NycoCard, an immunologically based test card
which undergoes a colour change in the presence of CRP. The
intensity of the colour change can be assessed by reference to a
standard chart or the NycoCard reader (small colour densitome-
ter) giving results in the range 10-200 mg 1-'. Each card is usable
for six tests. Previous studies in the UK have evaluated the use of
the NycoCard for the semi-quantitative determination of CRP,
but on serum only.'3 There is little information on its use outside
hospitals.'4"'5

This study was undertaken to investigate the feasibility of
using a novel near patient test for CRP in primary care and to
validate the results against the Beckman Array, which is the lab-
oratory 'gold standard' for CRP estimation.
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Method
The study was undertaken prospectively in six volunteer urban
practices (characteristics of which are shown in Table 1) in
Birmingham over 3 months during 1993. For 6 weeks before the
trial, the participating practices recorded ESR, CRP and plasma
viscosity using near patient tests. The practices studied had limit-
ed previous experience of near patient testing, with two regularly
using a blood glucose reader and one a lipid reader. Before the
intervention, staff using the CRP near patient test underwent
training and testing on the diagnostic indications - how to per-
form the assay, use of the NycoCard reader and the need for
quality control. All staff were advised to analyse a quality con-

trol sample daily and whenever they were doubtful about a

result.
Clinicians were given no recommendations on patient selec-

tion during the trial because a secondary objective of the trial
was to observe whether the test was actually ever used and its the
uptake by diagnostic category. NycoCard assays, using finger-
stick or venous samples, were therefore performed on an 'inten-
tion to investigate' basis. Samples were also sent to a hospital
laboratory to compare the near patient test levels of CRP with an

ESR and to validate the results (serum CRP was analysed using
laboratory Beckman Array). The normal reference ranges are:

<10 mg 1'1 (CRP), 0-2 mm h-' (ESR: females) and 0-10 mm h-I
(ESR: males). Clinical staff in the practices were debriefed at the
end of the study by semi-structured interview.

In calculating costs, three main components were considered:
consumables, including test kit and accessories; capital costs,
including purchase of the NycoCard reader; and labour costs,
assuming that the test would take 6 min to perform and using the
average income of the professional conducting the assay.
The statistical methods used to investigate bias in the near

patient test relative to the Beckman Array included paired t-tests,
linear regression and graphical examination. Although not
reported here, trend in bias was also investigated by computing
the mean bias for each of the sequence of intervals of CRP level.
Sensitivity, specificity and Cohen's Kappa were used to compare
the near patient test with the Beckman Array when used in con-

junction with a normal/abnormal cut-off level on CRP. Standard
errors are given with each value of Cohen's Kappa to enable the
reader to judge its significance. Receiver operating characteristic
(ROC) curves were used to display sensitivity and specificity of
the Beckman Array for different cut-off levels of CRP.
Discriminant analysis was used to compare the success of the
near patient test, the Beckman Array and the standard ESR test at
differentiating between specific diagnoses within certain disease
groups.

Results
During the 6 weeks before the trial commenced, one request for
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CRP, 328 requests for ESR and two for plasma viscosity were
made. During the 3-month active phase, hospital laboratory
requests for CRP increased to 17 (not near patient tests); 661
ESR tests and seven plasma viscosity tests were requested during
the same period. The predicted annual rate of tests for ESR per
1000 patients ranged from five to 204.
During the 3-month study period, 181 CRP whole blood near

patient tests were carried out, practice rates varying from 16 to
66. General practitioners performed 67% of tests, the remainder
being performed by practice nurses. Most assays (111; 61%)
were performed during routine surgery times, with a minority
performed in batches at the end of surgery, and one during a
home visit. A total of 103 quality control tests were performed,
with great variation (2-36) between the six practices. The ratio
of quality control tests to patient tests conducted ranged from
1:1.2 to 1:9.

Reasonsfor testing and test acceptability
Out of the 181 tests performed, 146 (81%) were performed to
establish a diagnosis, the remainder for monitoring purposes. The
diseases linked to requests, and number of corresponding abnor-
mal CRP and ESR results, are shown in Table 2. The ESR was
abnormal in 62 out of the 181 samples taken, 22 in the muscu-
loskeletal diagnostic group.
The CRP level of 19 patients with vague joint pains was nor-

mal, but the ESR was abnormal in five. Four patients labelled as
suffering non-specific viral infection had a raised CRP (range
29-37 mg 1-l) but the ESR was raised in only one of these. In six
out of 14 samples taken because of diagnostic concems over uri-
nary tract symptoms, the CRP was abnormal, with a diagnosis of
pyelonephritis (range 27-200 mg 1-'), but in only one was the
ESR abnormal.

Six patients were admitted to hospital as a result of the near
patient test: two with presumed appendicitis [one (CRP of 103)
was confirmed, the other (CRP 10) was not]; one patient with
myocardial infarction; one unconfirmed osteomyelitis (in both of
these the CRP was normal); one patient with confirmed tubercu-
losis (CRP of 133); and one with pyelonephritis (CRP over 200).

All practices found the NycoCard test easy to use and 50%
found that they used the test more than expected. Lack of time
was the main limiting factor, particularly when a quality control
test also needed to be performed or when the kit had to be
retrieved from the refrigerator (total test time up to 6 min).
Comments were related to the frequency of assay use.

Test reliability
Reliability of the near patient test results was assessed against the
laboratory Beckman Array result, the most widely used method
for estimating CRP in the UK. The overall mean bias was 6.11
mg 1-1 (SE = 3.07) on the 158 results within the limits of the near

Table 1. Characteristics of the study practices.'

Number of Number of Average consultation
Practice partners nurses Practice size rate (min) Premises

A 5 2 8200 7.5 Converted house
B 3 2 (1) 5000 10 Converted shop
C 3 1 6000 6.75 Purpose built
D 2 1 3700 4 Converted house
E 3 (2) 2 (1) 3800 7 Purpose built
F 4 2 (1) 8650 8 Purpose built

'Values in parenthesis represent the full-time equivalents.
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Table 2. Abnormal CRP and ESR results by perceived diagnostic category and sub-section.

General practitioner Total number (%) Abnormal CRP Abnormal ESR
perceived diagnostic groupings of NycoCard tests (% of tests abnormal) (% of tests abnormal)

Musculoskeletal (MS): 61 (33.7) 15 (25) 22 (36)
L88 rheumatoid arthritis 21 (11.6) 11 (52) 8 (38)
L20 joint pains 19 (10.5) 0 (0) 5 (26)
L99 other MS disorder 9 (5.0) 1 (11) 5 (56)

Respiratory: 25 (13.8) 9 (36) 14 (56)
R83 infection 6 (3.3) 2 (33) 4 (67)
R75 sinusitis 4 (2.2) 0 (0) 1 (25)
R33 tuberculosis 3 (1.7) 2 (67) 1 (33)

Non-specific: 23 (12.7) 6 (26) 6 (26)
A01 general pain 5 (2.8) 0 (0) 2 (40)
A04 tiredness 4 (2.2) 0 (0) 0 (0)
A77 viral infection 4 (2.2) 4(100) 1 (25)

Digestive: 18 (9.9) 5 (28) 6 (33)
D01 abdominal pain 6 (3.3) 3 (50) 2 (33)
D99 other digest dis 3 (1.7) 0 (0) 1 (33)
D15 melaena 2 (1.1) 0 (0) 0 (0)

Urology: 14 (7.7) 6 (43) 5 (36)
U70 pyeloinephritis 7 (3.9) 6 (86) 3 (43)
U07 urine complaints 3 (1.7) 0 (0) 1 (33)
U71 cystitis 3 (1.7) 0 (0) 1 (33)

Other 40 (22.1) 8 (20) 9 (23)
Total 181 49 (27) 62 (34)

patient test (see Table 3). A cut-off of 10 mg 1-1 was adopted,
results below that being considered normal and those above as
elevated. The overall Cohen's Kappa was 62% (Table 3), and in
84% of cases, the near patient test and the Beckman Array results
fell into the same category (Tables 4 and 5).

Sensitivity was good, with an overall figure of 97%. The pre-
dictive value of a negative result was also good: overall 99%.
However, specificity (79%) and predictive value of a positive
result (59%) were less satisfactory. This positive bias in the near
patient test-derived CRP level occurs for CRP levels up to about
30 mg 1-' where the mean bias is 8.6 mg 1-1 on 31 results.
However, above that level, the mean bias progressively reduces.
This trend in bias can be seen in Figure 1, where the line of
equality has been superimposed on the scatter plot of points, and
in Figure 2, where bias is plotted against concentration, illustrat-
ing the tendency for results of the near patient test to be too high
at low concentrations. The trend in bias is also suggested by a
linear regression analysis of near patient test result on Beckman

Table 3. Prevalence, Cohen's Kappa and mean bias of the
NycoCard.

Prevalence of Kappa' Mean bias
elevated result8 (%) (SE) (%) (SE)

Overall 23 62 (6) 6.11 (3.02)
Practice A 11 61 (20) 3.83 (7.73)
Practice B 13 20 (27) 2.25 (8.82)
Practice C 14 36 (15) 8.82 (4.57)
Practice D 47 54 (18) -1.67 (6.99)
Practice E 35 88 (7) 1.83 (2.80)
Practice F 12 39 (21) 34.3 (18.40)

'An elevated result is taken as a CRP value >10 mg 1-1.

Array result in the form of a positive bias up to a CRP level of
about 60 mg 1-1 but an increasingly negative bias from there on.

Dinant et al compensated for a positive bias near the cut-off
point by using a cut-off of 25 mg 1-1 for near patient test results
but 20 mg 1'1 for Beckman Array results.'5 Increasing the cut-off
to 20 mg 1-1 on the data obtained in our study gives an efficiency
of 89% (Tables 4 and 5), which agrees closely with Dinant's
value (88%). Therefore, the patterns of results in the two datasets
were similar. Sensitivity and specificity at this level of cut-off
become 91 and 89%, respectively. However, with a mean bias of
8.6 mg 1-1 for results near the 20 mg 1-1 cut-off point it would be
better to increase the cut-off on the near patient test to 30 mg 1-1.
This would change the predictive value of a positive result to

Figure 1. Scatter plot of NycoCard versus Beckman Array results.
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Table 4. Efficiency, sensitivity, specificity and predictive value.

Cut-off 10 mg I-l1 Cut-off 10 mg [-1 Cut-off 20 mg 118

Predicted Predicted
Efficiency Sensitivity Specificity positive negative Efficiency Sensitivity Specificity

Overall 84 97 79 59 99 89 91 89

Practice A 89 100 88 50 100 93 100 92
Practice B 75 50 79 25 92 88 50 93
Practice C 71 100 67 33 100 89 100 88
Practice D 76 100 56 67 100 82 100 67
Practice E 94 100 91 86 100 92 88 96
Practice F 76 100 73 33 100 82 100 81

'These figures give the cut-off for both the near patient tests and Beckman Array used to calculate the corresponding entries in Table 4. All val-
ues are percentages.

Table 5. Normal and elevated results at two cut-off levels.

Near patient test

Beckman Array Normal Elevated Total

Cut-off level of 10mg r'

Normal 96 25 121
Elevated 1 36 37
Total 97 61 158

Cut-off level of20 mg r'

Normal 110 14 124
Elevated 3 31 34
Total 113 45 158
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Figure 2. Scatter plot of bias versus Beckman Array results.

87% and that of a negative result to 94%. Such adjustment would
alleviate the bias problem when the near patient test was used to
classify a CRP level as normal or elevated, but not when the
quantitative level of CRP was needed. Variation of sensitivity
and specificity with cut-off level for the near patient test is illus-
trated in the ROC curves in Figure 3.

Using CRP, ESR or the near patient test separately to differen-
tiate between the diagnoses within each of the disease groupings
(musculoskeletal, respiratory, non-specific, digestive and urolo-
gy; Table 2), the Beckman Array CRP result correctly differenti-
ated on the basis of the largest posterior probability in 52% of
cases, overall, the near patient test in 49% of cases and the ESR
result in 47% (n = 99).
The efficiency, sensitivity, specificity and predictive value of

the near patient test varied between practices (Table 4), as did the
mean bias and Cohen's Kappa (Table 3). Practice D produced
generally low results, the worst case being a CRP value of 117
mg 1-l giving a near patient test result of 65 mg l-1. At the other
extreme, in Practice F, the worst case was a CRP value of 5 mg 1-1,
giving a near patient test value of 129 mg l-1. For other practices
the maximum error result was found between 25 and 30 mg l-1.
Practice E gave the highest value of Cohen's Kappa (88%), sug-
gesting the best agreement between laboratory CRP results and
the near patient test when categorized as abnormal above and
normal below 10 mg 1-1, and a non-significant bias of 1.83 mg 1-l
(SE 2.80 mg 1-l).

Costs of using the near patient test
The cost for a practice nurse performing an average of two tests a
week using the reader was £3.83 per test. This reduced to £2.92
per test if 40 tests were performed each week (£0.90 less if the
reader is not used). The comparable costs of a general practition-
er performing the tests were £4.17 and £3.26 per test, respective-
ly.

Discussion
Near patient testing equipment can be used safely and accurately
by non-laboratory staff in general practice, provided they are
trained in its use and receive ongoing laboratory support.3 In this
trial, most of the tests (67%) were performed by general practi-
tioners, which contrasts with previous studies2'3 in which nurses
performed 70% of the tests. Four out of the six practices studied
performed the assay with the patient present. Practitioners used
the test principally as a diagnostic tool, its use within the consul-
tation preventing further appointments. The two practices not
conducting the test within the consultation felt that the test was
occasionally unacceptably time consuming.
The practices did not confine testing to diagnosing clinical

conditions identified in the training, such as tonsillitis and
pyelonephritis. Some doctors successfully used the test in other
indications previously reported, such as presumed appendicitis,16
tuberculosis'7 and Salmonella infection. In a patient admitted
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Figure 3. Receiver operating characteristic curves at three cut-off
levels in the Beckman Array results: ( )10 mg 1-1; (- ) 20
mg [-1; and (. ) 30 mg 1-1.

with a suspected myocardial infarction and negative CRP, the
CRP would not be expected to be raised until 6-8 h after onset.'8

Levels of CRP below 20 mg 1-1 are expected in serious viral
infections such as viral pneumonias, viral meningitis or influen-
za.7'19'20 Values below 10 mg 1'1 are more likely to suggest minor
viral infections such as the common cold. Bacterial infection
would be indicated by levels in excess of 60 mg 1-1. Therefore,
low readings can be positive findings when excluding a bacterial
infection. One benefit of performing the test within the consulta-
tion was the ability to differentiate between bacterial and viral
infections, thereby influencing management.
The efficiency of use of the NycoCard was satisfactory in

most of the practices, although the predictive value of a positive
result was lower than expected, indicating a positive bias to the
test. False positives were also found in an evaluation study in
Canada.2' The low number of positive results obtained in two
studies in Oslo using NycoCard CRP on whole blood22'23 made a
full evaluation of the reliability of the test impossible, and in a
study in Sweden, falsely elevated results were felt to be caused by
congestion of the test membrane with cellular debris, if the
patient's white cell count was high.24 Therefore, it is important to
check that the diluted sample is fully absorbed by the membrane.
Higher efficiency was noted in the practice that delayed reading
the result by 20 s.

It is probable that procedures are less fluent in practices where
tests are performed infrequently. The assay is not a simple dip-
stick test: a series of procedures must be followed, including
pipetting which is a technique needing some expertise. Staff from
the practice which produced the most divergent CRP readings
required further training. Four of the practices studied mentioned
problems with quality control. Practices also need access to a lab-
oratory for external quality assurance of their near patient test
results.
One problem encountered was the disruption caused by the test

kit being stored in a refrigerator, usually in the practice nurse's
room. Time was a major factor in the acceptability of the test to
the practices. If a quality control test was also needed, the normal
consultation length was increased unacceptably. The practices
which used the NycoCard most often performed the test with the
patient present, having previously set up the dilution solution in
aliquots in their surgery for easy access. Practitioners reported
that the patients' responses to the immediate test were positive,
especially if they were given the result during the consultation.

Either venous or capillary blood may be used for the

NycoCard CRP test. Although capillary samples may be more
difficult for the inexperienced to obtain, the results were success-
fully validated against venous samples sent away to the laborato-
ry in this trial. This study demonstrated that the test for CRP is
currently rarely used in general practice, despite its diagnostic
advantages over the ESR. If the NycoCard assay is to be accept-
ed by general practitioners as a near patient test, general aware-
ness of its value and diversity must somehow be raised.
The cost of the assay as a near patient test in general practice

is roughly equivalent to the cost of hospital testing. For a fund-
holding practice, who would be likely to pay £2 per ESR request-
ed and £4 for a CRP (personal communication), the cost of a
near patient test may be slightly more, but being able to achieve
an immediate result may save practitioner time. Furthermore,
using this diagnostic tool may prevent unnecessary treatment or
highlight need for referral. However, doctors may continue to
treat potential infections without confirming the diagnosis, as it
may be cheaper to prescribe (possibly unnecessary) antibiotics
than to perform a test. The potential for such practice to produce
unacceptable iatrogenic morbidity is clear.
The availability of a reliable CRP test within general practice

could enhance the clinical decision-making of practitioners in the
management of diagnostically difficult inflammatory and infec-
tive disorders. If general practitioners are to reduce their depen-
dence on secondary care services and improve the reliability of
their treatment and referral choices, then greater investment is
needed in the provision of such new technologies and in the time
provided to train staff in their use.
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