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Chapter 5

ABSTRACT

Background

Diagnosing pneumonia can be challenging in general practice but is essential to distin-
guish from other respiratory tract infections because of treatment choice and outcome
prediction. We determined predictive signs, symptoms and biomarkers for the presence of
pneumonia in patients with acute respiratory tract infection in primary care.

Methods

From March 2012 until May 2016 we did a prospective observational cohort study in three
radiology departments in the Leiden-The Hague area, The Netherlands. From adult pa-
tients we collected clinical characteristics and biomarkers, chest X ray results and outcome.
To assess the predictive value of C-reactive protein (CRP), procalcitonin and midregional
pro-adrenomedullin for pneumonia, univariate and multivariate binary logistic regression
were used to determine risk factors and to develop a prediction model.

Results

249 patients were included of whom 30 (12%) displayed a consolidation on chest X ray.
Absence of runny nose and whether or not a patient felt ill were independent predictors
for pneumonia. CRP predicts pneumonia better than the other biomarkers but adding CRP
to the clinical model did not improve classification (-4%); however, CRP helped guidance
of the decision which patients should be given antibiotics.

Conclusions

Adding CRP measurements to a clinical model in selected patients with an acute respira-
tory infection does notimprove prediction of pneumonia, but does help in giving guidance
on which patients to treat with antibiotics. Our findings put the use of biomarkers and
chest X ray in diagnosing pneumonia and for treatment decisions into some perspective
for general practitioners
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BACKGROUND

Diagnosing pneumonia in general practice can be challenging. The recognition of pneu-
monia among other manifestations of respiratory tract infection (RTI) is important since
pneumonia - according to the GP’s guideline - requires antimicrobial treatment, has a
worse prognosis than other RTIs and requires follow up. Pneumonia comprises (typical
and atypical) bacterial and viral infection; the latter is not expected to benefit from anti-
bacterial treatment. On the contrary, acute bronchitis and upper respiratory tract infec-
tions are most often of viral origin, and have an excellent prognosis and expectant strategy
is generally appropriate (1-3). To differentiate pneumonia from other respiratory tract
infections, clues to determine this diagnosis are needed. Unfortunately, anamnesis and
physical examination lack sensitivity and specificity to diagnose pneumonia (4). Severely
ill patients are more likely to have pneumonia, with a high pre-chance of bacterial origin,
and should be treated with antibiotics while patients with uncomplicated respiratory tract
infection are less ill and have no benefit from being treated with antibiotics. C-reactive
protein (CRP) can help to confirm or rule out pneumonia, taking clinical signs and symp-
toms into account (5). In particular for moderately ill patients, different guidelines (e.g. the
Dutch and the British guideline) point to the use of the CRP test. A low CRP (< 20 mg/l) can
rule out pneumonia with reasonable certainty, irrespective of clinical signs and symptoms,
while an elevated CRP level (> 100 mg/l) increases the chance of pneumonia and indicates
a potential benefit from antibiotic treatment (6, 7). With CRP levels between 20 and 100
mg/l, decision to initiate antibiotics is left to the clinical picture and assessment of risk
factors for a worse outcome (8, 9). The impact of this strategy on antibiotic prescription
rate showed variable results (10).

Among other biomarkers for inflammation, procalcitonin (PCT) had limited added value
in the diagnosis of pneumonia in this setting and studies on the prognostic value of the
adrenomedullin precursor, mid-regional pro-adrenomedullin (MR-proADM), are currently
lacking (7).

The reference ‘golden’ standard for establishing pneumonia is the chest X ray. A chest X
ray in outpatients, however, does not improve outcome (11, 12) and therefore this is not
routinely recommended in patients attending their general practitioner (GP) with suspi-
cion of a community-acquired pneumonia. Different general practice guidelines do not
provide clear guidance when to order a chest X ray in specific patients with acute respira-
tory infections (9, 13). Despite that, in 22% of patients with a suspected lower respiratory
tract infection chest X ray is requested (14).
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A survey among 255 Dutch GPs in 2014 learned that there is an urgent clinical need for
an algorithm to define which patients with an acute respiratory tract infection benefit
most from a diagnostic chest X ray (15). In the Netherlands, general practitioners ordered
31 chest X rays per 1,000 persons per year in 2000 (16). A large proportion of these are
intended for patients with acute respiratory tract infections.

Herein, we evaluate a cohort of patients with an acute respiratory tract infection who had
been referred by their GP for a chest X ray, to determine predictive factors for the presence
of pneumonia.

METHODS

From March 2012 until May 2016 we did a prospective observational cohort study in three
radiology departments in different hospitals in the western part of the Netherlands. Local
ethical committee approved the study (protocol no. P08.065) and all participants provided
written informed consent.

We included adult patients with an acute respiratory tract infection, referred to the radiol-
ogy department by their general practitioner for a chest X ray to determine the presence
of pneumonia. We confined the study to those patients with complaints for less than three
weeks, as we intended to study the value in ‘acute respiratory tract infection’.

Within an hour before or after chest X ray, clinical data were recorded via an interview and
vital signs were measured. Diagnostic tests to find the causal agent of respiratory tract
infection were taken: blood cultures were drawn, nasopharyngeal swabs for respiratory
viruses and Mycoplasma, Chlamydia and Legionella spp. were collected, a sputum culture
(to identify bacterial respiratory pathogens) was taken from persons who coughed up
sputum. Blood samples were taken for biomarker testing. At inclusion, EDTA plasma was
collected to determine CRP, PCT and MR-proADM. CRP is measured with a turbidimetric
reaction detecting antigen-antibody complex (Roche Modular P800) (catalogue number
12000951/12000953/04956923190).

PCT is measured with Brahms Kryptor using an immunoassay with TRACE (Time Resolved
Amplified Cryptate Emission) technology (catalogue number 82591/82592/825050).

MR-proADM is measured with Brahms Kryptor with an automated immunofluorescence
assay using TRACE technology (catalogue number 82991/82992/829050).
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Chest X-ray was made by GP’s request and was not part of the study protocol. Both
postero-anterior and lateral view were obtained. Radiology reports were made by certified
radiologists with no knowledge of the current study. For an individual patient, one radiolo-
gist made a written report, with a clear conclusion, as part of regular patient care. These
reports, intended for the GPs, were used to determine whether or not a consolidation was
present.

We did not intervene with the GP’s treatment strategy.

After 30 days, a follow up contact via telephone call was made. In this standardized tele-
phone interview, clinical symptoms were evaluated, any antibiotic usage documented,
and resolution of symptoms and newly diagnosed disease entities noted.

Our primary end point was the presence of a consolidation on chest X ray, i.e. pneumonia.
In the past, several models with clinical signs and symptoms with or without biomark-
ers (CRP, PCT and MR-proADM) have been used to predict pneumonia (5, 7). With these
models we compared the ability of biomarkers to correctly improve a prediction versus
the situation where biomarkers are not available.

For prediction of pneumonia we used three predefined diagnostic risk groups. We defined
a low risk group with a probability of pneumonia less than 2.5%, an intermediate risk
group with a probability of pneumonia between 2.5 and 20% and a high risk group with
a probability of pneumonia above 20%. We have chosen these cut-off values of the risk
groups as these roughly represent daily decision making in general practice. With these
cut-off values safe clinical decision making is possible in daily practice. Comparable crite-
ria have been used in the GRACE cohort (7).

Predictors for pneumonia were selected using multivariate regression models. With equa-
tions derived from the multivariate regression models without and with biomarkers, we
could identify patients in low, intermediate and high risk groups of pneumonia.

As only low and high risk of pneumonia would have clear consequences for GP manage-
ment, i.e. withholding or prescribing antibiotic treatment respectively, we pose that change
to a higher risk group in cases with pneumonia and to a lower risk group in cases without
pneumonia would reflect useful reclassification which could improve decision making.

To calculate the overall reclassification improvement, we subtracted patients who were
reclassified incorrectly from those who reclassified correctly and divide this number by
the total number of study patients.
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Secondary outcome measures were the presence of bacterial or viral agents and the
antibiotic courses used in patients with and without pneumonia and in patients with or
without bacterial infection. CRP, PCT and MR-proADM values were evaluated for their
predictive ability for pneumonia, 30-day mortality and need for secondary care. We evalu-
ated antibiotic courses in patients with treatable disease, i.e. consolidation or bacterial
pathogen detected.

We also used our data to evaluate the findings of the GRACE cohort. Our findings were
entered in the multivariate model of the GRACE cohort to assess the value of biomarkers
to improve prediction by calculating the overall reclassification improvement.

Will their strategy to predict consolidation on chest X-ray (i.e. pneumonia) apply in our
cohort? The results of this evaluation are described in the supplementary material.

Statistics

We used descriptive statistics to describe baseline characteristics. Descriptive analysis
included means with confidence intervals or medians and interquartile ranges, as ap-
propriate.

To assess the predictive value of CRP, PCT and MR-proADM for pneumonia, area-under-
the-curve (AUC) of receiver operating characteristics (ROC) curves were calculated. This
analysis determined which biomarker will be used in the regression model.

Univariate and multivariate binary logistic regression will be used to evaluate clinical
parameters and biomarkers (CRP, PCT and MR-proADM) as predictors for pneumonia.
The multivariate prediction model of our cohort consists of variables which are clinically
relevant or have a P value less than 0.1 in univariate analysis.

Cut off points for CRP and PCT as they have been used in the GRACE algorithm will be
used. For MR-proADM two cut off points will be used. The first MR-proADM cut off point
is 0.646 nmol/l. This was the optimal cut off point to discriminate patients with low risk
community acquired pneumonia (PSI I-1ll) from patients with high risk CAP (PSI IV and V)
with sensitivity of 92% and specificity of 55% (17).

The second MR-proADM cut off point is 1.00 nmol/l. In patients with febrile urinary tract
infections, this is the optimal cut off to predict 30 day mortality (18).
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RESULTS

Between March 2012 and March 2016 we included 249 patients via alternating radiology
departments from 2 teaching hospitals and 1 regional hospital in the western part of the
Netherlands. The patients were included during all seasons of the year. Baseline character-
istics of the cohort are described in Table 1 and in the supplementary material (Table S1).

Table 1. Baseline characteristics of the cohort

Total number of patients 249
Female (%) 127 (51.0)
Median age in years (IQR) 56 (43-67)
Duration of complaints:

- Lessthan a week (%) 45 (18.1)
- Between one and two weeks (%) 104 (41.8)
- Between two and three weeks (%) 97 (39.0)
Comorbidity (%) 196 (78.7)
Hospital admission in previous year (%) 32(12.9)
Received influenza vaccination (%) 108 (43.4)

Antibiotic usage previous 3 months (%)

- None 121 (48.6)
- Onecourse 95 (38.2)
- More than one course 33(13.3)

Antibiotic courses (%)

- Amoxicillin 48 (29.6)
- Amoxicillin with clavulanic acid 7(4.3)
- Penicillin 5(3.1)
- Doxycycline 38(23.5)
- Macrolide 14 (8.6)
- Quinolone 3(1,9)
- Other 4(2.5)
- Unknown antibiotic 43 (26.5)
Smoking (previous or current) (%) 141 (56,6)
Median CRB-65 score* (IQR) 0(0-1)

IQR=interquartile range

* CRB-65 severity score predicting 30 day mortality with higher score implicating higher 30 day mortality.
C= new onset confusion, R= respiratory rate 230/minute, B= Blood pressure (Systolic <90 mm Hg or Dia-
stolic = 60 mm Hg), 65= Age 265

Detection of pneumonia on chest X ray

In 30 (12%) of patients, a pneumonia was detected on chest X ray.
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Detection of respiratory pathogen as cause of infection

In our study, in 41% of patients a viral infection was established, in 1% a pneumococcal
infection, in 2% a Haemophilus influenzae infection. In two patients Mycoplasma pneu-
moniae (in sputum) was detected, in three patients (two sputum samples and one naso-
pharyngeal swab) Chlamydia pneumoniae and in three sputum samples Legionella spp.
was detected (Legionella pneumophila PCR was negative in these patients). Respectively
one (3.7%), three (11.1%) and two (7.4%) had a consolidation on chest X ray (see table S2
in the supplementary appendix). In one of the eight patients with an atypical pathogen
(i.e. Legionella spp.), both S. pneumoniae and rhinovirus were detected.

Antibiotic prescriptions

Atotal number of 104 antibiotics were prescribed for 83 patients (Table S1 supplementary
material). Of all patients with consolidation or bacterial pathogen detected (treatable
disease), 19/33 (58%) have received one or more antibiotic courses after chest X ray. Of
199 patients without treatable disease, 64 (32%) have received antibiotic treatment.

Thirty-six patients (14%) were referred to the hospital (24 outpatient clinic and 12 were
admitted), none of the patients died within 30 days after chest X ray. Neither CRP nor PCT
nor MR-proADM could predict the need for hospital care within 30 days after chest X ray
(Figure S1 ROC curve biomarkers and need for hospital care after chest X ray).

In two patients, abnormalities besides consolidation were detected. During follow up, the
first appeared to be a calcified benign nodus and the second appeared to be atelectasis
due to a mucus plug. No malignancies were detected. More outcome details are available
in table S1in the supplementary appendix.

Prediction for pneumonia

Univariate analysis of clinical risk factors for pneumonia is described in Table S3 (supple-
mentary appendix). Antibiotic use in the previous three months or influenza vaccination
was not a risk factor for pneumonia in our cohort. We drafted three age cohorts with the
same number of patients in each cohort (eight patients aged 64 were present, these were
all categorised in the eldest group).

Results of multivariate analysis with signs and symptoms are described in Table 2. Ab-
sence of runny nose and whether or not a patient felt ill were independent predictors for
pneumonia in our clinical risk model. Calibration of this model was good with a Hosmer-
Lemeshow test of 4.53 (df=7, P=0.72); Nagelkerke R square 0.29.
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Table 2. Multivariate analysis of clinical variables in prediction model for pneumonia in 249 patients pre-
senting at radiology department with acute respiratory tract infection in primary care.

Diagnostic variable Multivariable OR (95%Cl) P value
Age cohort (18-47 years is reference category) 0.28

« 48-63 2.17 (0.65-7.26)

. 264 0.49 (0.03-7.44)

Runny nose absent 3.00 (1.23-7.33) 0.02
Feelill 14.89 (3.27-67.91) 0.00
Current smoker 0.34 (0.09-1.39) 0.13
Oxygen saturation 0.88 (0.67-1.16) 0.38
CRB-65 score* (0 is reference category) 0.35
.1 6.77 (0.51-89.78)

* CRB-65 severity score predicting 30 day mortality with higher score implicating higher 30 day mortality.
C= new onset confusion, R= respiratory rate 230/minute, B= Blood pressure (Systolic <90 mm Hg or Dia-
stolic = 60 mm Hg), 65= Age =65

No values for CRB65 score of 2 since only 2 patients were present in that category.

With variables in multivariate analysis with P<0.10, we made the prediction equation (see
table S4A in the supplementary appendix) for the presence of a consolidation on chest X
ray, using clinical signs and symptoms only:

1/(1+exp—(—4.492+1,142xabsence of runny nose (0 or 1)+2.550xfeel ill (0 or 1))

Biomarker for guidance of the presence of pneumonia

In table 3 multivariate analysis of clinical variables and biomarkers predicting pneumonia
are described. Calibration of this model was good with a Hosmer-Lemeshow test of 10.09
(df=8, P=0.26); Nagelkerke R square 0.36.

In univariate analysis, CRP predicts pneumonia better than PCT and MR-proADM do
(supplementary material table S3 and Figure S2. ROC curve biomarkers and pneumonia
on chest X ray). Therefore, only CRP is present in the multivariate model. We have used the
cut-off point of 30 mg/l to make the results comparable with the GRACE findings.

With variables in multivariate analysis which are clinically relevant or have P<0.10 (we did
not use current smoker since this represents more likely the type of patients for which
chest X ray was deemed necessary), we made the prediction equation (see table S4B in the
supplementary appendix) for the presence of a consolidation on chest X ray, using clinical
signs and symptoms and CRP (>30mg/l):
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1/(1+exp—(-4.797+1.230xabsence of runny nose (0 or 1)+ 2.378xfeel ill (0 or 1)+
1.572xCRP>30mg/l (0 or 1))

Table 3. Multivariate analysis of clinical variables and biomarkers in prediction model for pneumonia in 249
patients presenting at radiology department with acute respiratory tract infection in primary care.

Diagnostic variable Multivariable OR (95%Cl) P value
Age cohort (18-47 years is reference category) 0.54
« 48-63 1.74 (0.48-6.30)

. 264 0.61 (0.05-8.07)

Runny nose absent 3.12(1.22-8.00) 0.02
Feelill 13.33 (2.80-63.40) 0.00
Current smoker 0.27 (0.06-1.19) 0.08
Oxygen saturation 0.94 (0.72-1.24) 0.68
CRB-65 score* (0 is reference category) 0.41
.1 5.29 (0.46-61.15)

CRP>30 mg/I 4,66 (1.73-12.55) 0.00

* CRB-65 severity score predicting 30 day mortality with higher score implicating higher 30 day mortality.
C= new onset confusion, R= respiratory rate 230/minute, B= Blood pressure (Systolic <90 mm Hg or Dia-
stolic = 60 mm Hg), 65= Age 265

No values for CRB-65 score of 2 since only 2 patients were present in that category.

In table 4, the reclassification with CRP added to the model is described. The improvement
in classification can now be calculated. Of all patients with pneumonia, 8 are reclassified
to higher risk group and 0 to lower risk groups. Reclassification improvement in patients
with pneumonia is 8/30=26.7%.

In patients without pneumonia reclassification improvement is (0-17)/212= -8.0%. From
the total cohort, 8 have been reclassified correctly and 17 have been reclassified incor-
rectly. Therefore, the overall reclassification improvement is -9/242= -3.7% with adding
CRP to the model.

Twenty-three patients (16%) in the intermediate risk group with signs and symptoms only,
were reclassified into high risk group when adding CRP to the model. Eight of these (35%)

had pneumonia. None were reclassified into low risk group.

Using our own model with CRP, consolidation was present in none in the low risk group,
6.4% in the intermediate risk group and 32.4% in the high risk group.
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Table 4. Reclassification table using results from multivariate analysis

Risk according to sign and symptoms  Risk according to signs and symptoms plus CRP>30mg/!|
without CRP

Patients with pneumonia Patients without pneumonia

<2,5% 2,5%-20% >20% Total <2,5% 2,5%-20% >20% Total

<2,5% 0 0 0 0 49 2 0 51
2,5%-20% 0 8 8 16 0 115 15 130
>20% 0 0 14 14 0 0 31 31
Total 0 8 22 30 49 117 46 212

In 1 patient clinical variable is missing; in 6 patients CRP value is missing.

DISCUSSION

In patients referred by their general practitioner for a chest X-ray in the course of an acute
respiratory tract infection, one in eight (12%) showed a consolidation on the chest X ray,
i.e., was diagnosed with community acquired pneumonia. Biomarkers like CRP, PCT and
MR-proADM do not help discriminate between presence or absence of an infiltrate on chest
X-ray over that of a model with clinical characteristics only, but CRP did help to guide the
physician on treatment decisions.

In all low risk patients (21% of study population) a pneumonia is absent and therefore, the
chest X ray has very little added value.

Our study has several strong and weak points. Strengths of our study are the fairly com-
plete patient data including 30 day follow up and the extensive microbiological testing.
During the study project, we found that none of the patients had positive blood cultures;
therefore, because of futility, we stopped collecting blood cultures after the first 92 blood
cultures proved negative.

The findings in our study underscore the importance of collecting some basic patient data
in daily primary care. For instance, the question about the patient feeling ill proved to be
the best independent predictor for the presence of pneumonia in our cohort. Thisisin line
with other reports (19, 20).

Latest report about aetiology in CAP in the Netherlands stems from 2004; in that report,
10% of the patients was infected with an atypical pathogen (21).

Since 2011, the Dutch guideline ‘Acute cough’ prescribes to start with amoxicillin antibiotic
treatment instead of doxycycline in patients with presumptive pneumonia (9). Apparently,
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this change in empiric treatment has not resulted in an increased prevalence of atypical
pathogens in those who present with persistent cough despite amoxicillin therapy. In our
cohort the prevalence of atypical pathogens was 4% only and in many cases it remained
uncertain whether these pathogens were the cause of infection or represent asymptom-
atic carriage (22). Interestingly, 20% of patients with consolidation on X-ray in our study
had microbiological proven Legionella spp., Mycoplasma pneumoniae or Chlamydia
pneumoniae.

We used nasopharyngeal swabs for virus and atypical pathogen detection. Although
sputum samples have a higher detection rate than nasopharyngeal swabs, adequate spu-
tum samples were only available in a minority of patients and they were used to culture
bacterial pathogens (23). With more adequate sputum samples available and with both
culture and molecular testing on these sputum samples, diagnostic yield might have been
increased. In addition, prolonged illness or prolonged coughing is a frequent symptom
after clearance of the causative agent in respiratory tract infection (24, 25). Presumably,
in a proportion of patients the causative agent has already been cleared while symptoms
are still present.

Collection of patient data, diagnostic sampling and chest X ray were all within one hour.
Therefore, all our results reflect the same stage of disease.

Another strength is the value of our cohort to evaluate the GRACE findings in a different
cohort of patients (see supplementary material).

Although, there are several weaknesses in our study that need explanation. Since we did
not include the patients at the general practice, we do not have the results of physical
examination of the GP (crackles and diminished vesicular breathing). In the GRACE study
these variables were important in predicting pneumonia.

We chose to include patients with a chest X ray since this examination is considered the
gold standard for the presence or absence of pneumonia. Therefore, we have included
patients at radiology departments. In the Netherlands, general practitioners do not have
their own radiology facilities at their practice. Primary care patients should visit a hospital
for a chest X ray making this diagnostic a demanding procedure for patients. Our study in-
cludes a selected proportion of patients with an acute respiratory tract infection. In these
study patients, GPs felt the patient might benefit from a chest X ray as it would confirm or
refute a pneumonia or other lung pathology. This is a small fraction of the total number
of patients visiting their GP with and acute respiratory tract infection (15). The patients
who were not referred for chest X ray were diagnosed and treated according to the Dutch
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guideline ‘Acute Cough’, and GPs estimated that these patients would not benefit from a
chest X ray, as these did not present a diagnostic dilemma (9).

This selection results in a study population of patients who have not responded to GP’s
empirical therapy, patient for whom doubt about diagnosis or treatment is present
or - as assessed by the GP - have a high chance of showing other relevant pulmonary
abnormalities. Almost 80% of the study patients had co-morbidity, more than 50% has
used antibiotics in the previous 3 months and 81% of patients had complaints for more
than one week. The majority of patients did not show a pneumonia (219/249) and had
only mild disease given their median CRB-65 score of 0 (IQR 0-1). The results of this study
are therefore generalisable to this specific patient population. The finding that current
smoking is negatively associated with the presence of pneumonia, suggests that GPs have
lower threshold to order chest X ray in smoking than in non-smoking patients (Table S3).

Although at first site it seems counterintuitive that patients aged 48-63 years are at in-
creased risk for having pneumonia and older patients have relative low risk (Table 3), it is
highly likely that older patients are referred for chest X ray earlier than younger patients.

Although we included patients year-round and the GRACE study included patients dur-
ing winter months, the percentage of patients having pneumonia in our cohort (12%)
is considerably higher (12 versus 5%). This is to be expected since these patients were
selected by GPs assessment to be at risk for CAP or another serious lung disorder (26). The
proportion of patients with pneumonia in our cohort corresponds with the numbers found
in other cohorts (6, 27).

The GRACE model was developed to help GPs in the decision regarding the diagnosis
of patients with acute cough. Our study includes a selected proportion of patients with
acute cough and therefore(15) our cohort is enriched with patients with pneumonia (12%)
compared to the GRACE cohort (5%). In addition, only a minority of consolidations has
disappeared on chest X ray in the first three weeks after start of treatment of pneumonia
(28, 29). Therefore, we suppose that the consolidations present at start of complaints,
would still be visible on chest X ray during our study.

Overall reclassification improvement in the GRACE model was 29% (7). In this mildly ill
cohort, the reclassification improvement was mainly due to reclassifying patients from
intermediate risk to the low risk group.

On the contrary, in our study cohort of more severely ill patients, most benefit was present
in reclassifying intermediate risk patients to the high risk group. On the basis of a CRP
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measurement, 23 of 146 patients (16%) in the intermediate risk group should be reclassi-
fied into the high risk group. Because this group is enriched for persons with pneumonia,
it would likely benefit from antibiotic treatment. However, CRP did not help in reclassifica-
tion of intermediates into the low risk group.

Reclassification from the intermediate risk group into the low or high risk group, by adding
CRP level to the diagnostic process but without a chest X ray, would be relevant in daily
practice. Also classification into low or high risk group would have direct impact on treat-
ment decision, respectively withhold or initiate antibiotic treatment, and these results
could have implications for future decision making in general practice. In our model using
CRP (Table 4), 117/242 (48%) is classified in either the low or the high risk group. Thus, for
these patients, an antibiotic treatment decision can be made without a chest X ray. These
findings need to be validated in a new cohort.

We have chosen to use overall reclassification improvement instead of net reclassifica-
tion improvement as it was used in the GRACE analysis (7). The net reclassification counts
the percentages of two groups (with and without pneumonia), with complete different
numbers of patients (30 patients with pneumonia versus 212 without). This leads to over-
representation of the percentage from the smallest group of patients. The overall reclas-
sification improvement values every patient in the same way, with or without pneumonia.

The overall reclassification improvement with CRP added to the model, did not help to
discriminate between presence or absence of an infiltrate on chest X-ray over that of a
model with clinical characteristics only (-3.7%). CRP did help to guide the physician on
treatment decisions since 23 patients (Table 4) were reclassified into the high risk group
that - according to guidelines - warrant antibiotic treatment. Eight of these 23 reclassified
patients (35%) had pneumonia.

Using our model for antibiotic treatment decision in patients for whom chest X ray is
considered during acute respiratory tract infection, clinical signs and symptoms alone can
identify patients at low risk for pneumonia (who should not be treated) and patients a high
risk for pneumonia who probably benefit from antibiotic treatment. Patients who are at
intermediate risk (2,5-20%) for having pneumonia, using clinical signs and symptoms only,
would benefit from CRP testing to identify the patients who have a high risk of pneumonia.
Of 146 intermediate risk patients, 23 (16%) would be reclassified in the high risk group
when adding CRP in the decision model (Table 4).

In general the different kinetics such as a short half-life, especially for MR-proADM, make
markers like PCT and MR-proADM of less value than CRP when it comes to diagnose and
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treat pneumonia in general practice. Also, MR-proADM is released from endothelium in
response to systemic inflammation and is a marker of severity of pneumonia (30). Our
cohort of primary care patients, however, displayed little systemic inflammation and this
may have deemed MR-proADM less clinically relevant. Studies on MR-proADM as a bio-
marker in respiratory tract infections in primary care are scarce (31). Our findings of CRP
and procalcitonin are in accordance with other studies (7, 32).

CONCLUSIONS

Our model would preclude the need for a diagnostic chest X rays in 21% of GP patients
with an acute respiratory tract infection (the low risk group). CRP predicts pneumonia
better than the other biomarkers but adding CRP to the clinical model did not improve
classification (-4%); however, CRP helped guidance of the decision which patients should
be given antibiotics. Our findings put the use of biomarkers and chest X ray in diagnosing
pneumonia and for treatment decisions into some perspective for general practitioners.
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SUPPLEMENTARY MATERIAL

Table S1. Characteristics of the cohort

Baseline characteristics

Total number of patients 249
Female (%) 127 (51.0)
Median age in years (Interquartile range) 56 (43-67)

Duration of complaints:

Less than a week (%) 45 (18.1)
Between one and two weeks (%) 104 (41.8)
Between two and three weeks (%) 97 (39.0)
Throat pain (%) 86 (34.5)
Coryza/runny nose (%) 159 (63.9)
Cough (%) 223 (89.6)
Sputum (%) 185 (74.3)
Dyspnoea (%) 189 (75.9)
Fever or feverishness (%) 173 (69.5)
Days since the last episode of fever(%):

0, today fever 21(8.5)

1, yesterday fever 21(8.5)

2 days ago fever 10 (4.0)
More than 2 days ago fever 71(28.6)
Not applicable or don’t know 125 (50.4)
Myalgia (%) 101 (40.6)
Headache (%) 125 (50.2)
Joint pain (%) 55(22.1)
Feel ill (%) 155 (62.2)
Comorbidity (%) 196 (78.7)
Hospital admission in previous year (%) 32(12.9)

Most recent hospital discharge:

0-3 months ago 10

4-6 months ago 5

6-12 months ago 17
Visited foreign country in previous 3 months (%) 82(32.9)
Received invitation for influenza vaccination (%) 155 (62.2)
Received influenza vaccination (%) 108 (43.4)

Antibiotic usage previous 3 months (%)

None 121 (48.6)
One course 95 (38.2)
More than one course 33(13.3)

Antibiotic courses (%)
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Table S1. Characteristics of the cohort (continued)

Baseline characteristics

Amoxicillin

Amoxicillin with clavulanic acid
Penicillin

Doxycycline

Macrolide

Quinolone

Other

Unknown antibiotic

ADL* support (%)

Pregnant or breastfeeding (%)
Smoking (previous or current) (%)

Median packyears of those who have current or previous smoking
(interquartile range)

Race or ethnic group (%)
White/Caucasian

Asian

North African

Black

Plan after chest X ray

It will be determined after chest X ray result is available for GP

Start with antibiotics

Start with medical treatment other than antibiotic
Thereis no plan

Outcome

30 day mortality

Outcome day 30

Complete recovery

Missing

Total duration of complaints
<1 week

1-<2 weeks

2-<3 weeks

>3 weeks

Missing

Duration of fever

0

1-3

48 (29.6)
7(4.3)
5(3.1)
38(23.5)
14 (8.6)
3(1,9)
4(2.5)

43 (26.5)
7(2.8)
0(0)

141 (56.6)
19 (8-30)

221(88.8)
20(8.0)
1(0.4)
4(1.6)

188 (75.5)

42 (16.9)
2(0.8)
17 (6.8)

0(0)

147 (59.0)
17 (6.8)

5(2.0)

29 (11.6)
46 (18.5)
152 (61.0)
17(6.8)

117 (47.0)
44(17.7)
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Table S1. Characteristics of the cohort (continued)

Baseline characteristics

4-7 38(15.3)
8-14 10 (4.0)
>14 days 9(3.6)
Unknown 15 (6.0)
Missing 16 (6.4)
Still coughing

Yes 79 (31.7)
No 150 (60.2)
Missing 20 (8.0)
Duration of coughing

0days 19 (7.6)
1-7 days 14 (5.6)
8-14 days 31(12.4)
15-21 days 34 (13.7)
>21 days 132 (53.0)
Unknown 3(1.2)
Missing 16 (6.4)
Antibiotic treatment after chest X ray

No 149 (59.8)
Yes, 1 course 64 (25.7)
Yes, > 1 course 19 (7.6)
Missing 17 (6.8)
If antibiotic used, which one

Total number of treatments 104
Amoxicillin 25
Amoxicillin/clavulanic acid 3
Feneticillin 4
Doxycycline 23
Macrolide 11
Quinolone 4
Unknown 34

Side effects

Total number 30
Allergic 2
Diarrhoea 12
Nausea/vomiting 6

Yeast infection 3

Other 7

Other treatment besides antibiotics
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Table S1. Characteristics of the cohort (continued)

Baseline characteristics

No 129 (51.8)
Oral steroids 21(8.4)
Lunginhalers 57 (22.9)
Oseltamivir 2(0.8)
Codeine 7(2.8)
Other 14 (5.6)

Referral to hospital

No 196 (78.7)
Outpatient clinic 24 (9.6)
Admission to ward 12 (4.8)
Length of stay

1-3 days 6

4-7 days 2

8-14 days 2

> 14days 2

* Activities of Daily Living
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Table S2. Outcome details

Number of patients

All patients (249)

With consolidation
on chest X ray (30)

Without
consolidation (219)

Mean age (years)
Female

BMI (median)
Smoking (history)

Median respiratory rate (median)

CRB-65 score 0:1:2
Influenza vaccination
Antibiotic pre-treatment
Diagnostic results

Any viral agents

Influenza A

Influenza B

RSV

Parainfluenza 1-4
Metapneumovirus
Rhinovirus

Coronavirus

Adenovirus

Bocavirus

S. pneumoniae
H.influenzae

H. parainfluenzae

K. pneumoniae
Legionella spp.
Mycoplasma pneumoniae
Chlamydia pneumoniae
After chest X ray
Completely resolved (day 30)
Antibiotic use after chest X ray
No

1 course

>1 course

One or more side effects from
antibiotics

Lung cancer detected
Hospital referral

No

Outpatient clinic
Admission to ward

30 day mortality

108

55.5 (95% Cl 53.5-57.4)
127 (51.0%)

26.0 (IQR 23.5-29.6)
141 (57.8%)

15(13-18)

170:71:2

108 (43.4%)

128 (51.4%)

97/238
15/237
5/237
3/237
10/237
8/236
47/236
7/237
2/238
0/238
2/249
5/249
1/249
1/249
3/228
2/228
3/228

147/232 (63.4)

149/232 (64.2)
64/232 (27.6)
19/232 (8.2)
28/122 (23.0)

0/249

196/232 (84.5)
24/232 (10.3)
12/232 (5.2)
0/249

61.4 (95% Cl 55.9-66.8)
13/30 (43.3%)

25.3 (IQR 22.9-30.8)
19/30 (63.3%)

16 (14-20)

15:14:0

15 (50.0%)

19 (63.3%)

9/30 (30.0%)
0/30

0/30

0/30

0/30

3/30 (10.0%)
4/30 (13.3%)
2/30 (6.7%)
0/30

0/30

2/30 (6.7%)
1/30

1/30

0

2/27

1/27

3/27

13/26 (50.0)

8/26(30.8)
13/26 (50.0)
5/26 (19.2)
8/23 (34.8)

0/30

18/26 (69.2)
4/26 (15.4)
4/26 (15.4)
0/30

54.7 (95%Cl 52.6-56.8)
114/219 (52.1%)

26.0 (IQR 23.5-29.6)
122/214 (57.0%)

15 (13-18)

149:58:2

93 (42.5%)

109 (49.8%)

88/208 (38.6%)
15/207 (6.3%)
5/207 (2.4%)
3/207 (1.4%)
10/207 (4.8%)
5/206 (1.7%)
43/206 (14.4%)
5/207 (2.4%)
2/208 (1.0%)
0/208

0/219

4/219

0/219

1/219

1/201

1/228

0/228

134/206 (65.0)

141/206(68.4)
51/206 (24.8)
14/206 (6.8)
20/99 (20.2)

0/219

178/232 (86.4)
20/206 (9.7)
8/206 (3.9)
0/219
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Table S3. Univariate analysis of diagnostic variables and pneumonia in 249 patients presenting at radiol-
ogy department with acute respiratory tract infection in primary care.

Total (n=249)

Diagnostic variable Missing
Mean (SD) Age (years) 0(0.0)
Age cohort 0

. 18-47

. 4863

. =64

Men 0(0.0)
Current smoker 5(2.0)
current smokers:

« Median no. of pack years (IQR) 6(10)
No. of weeks illness before chest X ray 3 (1.2)
o <1lweek

« 1-2 weeks

« >2weeks and <3 weeks

Cough 0(0.0)
Phlegm 1(0.4)
Breathless 0(0.0)
Runny nose absent 1(0.4)
Fever 0(0.0)
Chest pain 0(0.0)
Throat pain 1(0.4)
shivering 0(0.0)
Muscle ache 0(0.0)
Headache 0(0.0)
joint pain 0(0.0)
Feelill 0(0.0)
Confused 0(0.0)
symptoms in friends and relatives 0(0.0)
Birds at home 0(0.0)
Hotel in previous month 0(0.0)
Sauna in previous month 0(0.0)
Received influenza vaccination 0(0.0)
Hospital admission in previous year 0 (0.0)
Antibiotic use in previous 3 months 0(0.0)
Any comorbidity (pulmonary, cardiac, 0 (0.0)

diabetes mellitus)
median syst blood pressure (IQR) 2(0.8)
Median Diastolic blood pressure (IQR) 2 (0.8)

55 (16)

83
80

86

122 (49.0)
58 (24)

20 (10-30)

45 (18)
104 (42)
97 (39)
223 (90)
185 (75)
189 (76)
89 (36)
173 (70)
82 (33)
86 (35)
135 (54)
101 (41)
125 (50)
55 (22)
155 (62)
2(1)

94 (38)
20 (8)
54 (22)
21(8)
108 (43)
32 (13)
128 (51)
76 (31)

130 (120-140)
82 (78-90)

Pneumonia
present (n=30)

61 (15)

11
14

17 (57)
3(10)

11 (37)

128 (118-142)
80 (74-90)

Univariable OR
(95%Cl)

1.03 (1.00-1.06)

2.49 (0.82-7.51)
3.03 (1.04-8.85)
1.42 (0.66-3.06)
0.32 (0.09-1.10)

1.02 (0.98-1.07)

0.43(0.16-1.13)
0.51 (0.20-1.34)
0.53 (0.18-1.53)
0.61(0.27-1.39)
1.68 (0.61-4.59)
2.27(1.05-4.91)
1.88 (0.74-4.80)
0.47 (0.18-1.20)
1.52 (0.70-3.30)
0.96 (0.45-2.06)
1.14 (0.53-2.46)
1.34 (0.62-2.90)
1.08 (0.44-2.68)

10.14 (2.36-43.65)
7.52 (0.46-123.46)
0.68 (0.30-1.55)
1.95 (0.61-6.28)
0.52 (0.17-1.56)
0.75 (0.17-3.40)
1.36 (0.63-2.91)
0.73 (0.21-2.55)
1.74 (0.79-3.84)
1.37(0.62-3.04)

1.00 (0.97-1.02)
0.98 (0.94-1.02)

0.03
0.12

0.11
0.04
0.37
0.07

0.09
0.17
0.24
0.24
0.32
0.04
0.19
0.33
0.29
0.92
0.74
0.45
0.86
0.00
0.16
0.35
0.26
0.24
0.71
0.44
0.62
0.17
0.44

0.79
0.34
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Table S3. Univariate analysis of diagnostic variables and pneumonia in 249 patients presenting at radiology
department with acute respiratory tract infection in primary care. (continued)

Diagnostic variable Missing ~ Total (n=249)  Pneumonia Univariable OR P value
present (n=30) (95%Cl)
Tachycardia >100 beats/min 0(0.0) 4(2) 1(3) 2.48 (0.25-24.67) 0.44
Temperature >37.8 0C 13(5.2) 8(3) 2(7) 2.71(0.52-14.14) 0.24
Tachypnoea (>24 breaths/min) 10(4.0) 7(3) 1(3) 1.21(0.14-10.46)  0.86
Median Oxygen saturation (IQR) 6(2.4) 98 (97-98) 97 (96-98) 0.78 (0.62-0.97)  0.03
Median CRB-65 score (IQR) 11(4.4)  0(0-1) 0(0-1) 2.05(0.98-4.29)  0.06
Blood test results
CRP (mg/l)
Median (IQR) 6(2) 5.4 (1.0-14.8)  24.1(5.2-81.5) 1.33(1.18-1.50)§ 0.00
>20 6(2) 48 (20) 16 (53) 6.46 (2.88-14.53)  0.00
>30 6(2) 40 (17) 14 (47) 6.29 (2.75-14.38)  0.00
>50 6(2) 22 (9) 8(27) 5.17(1.95-13.69)  0.00
>100 6(2) 8(3) 5(17) 14.00 (3.16-62.13) 0.00
Procalcitonin (pg/l):
Median (IQR) 6(2) 0.05 (0.03-0.07) 0.07(0.03-0.12) 1.34(0.97-1.83)¢ 0.07
>0.25 6(2) 4(2) 2(7) 7.54(1.02-55.64)  0.05
>0.50 6(2) 2(1) 1(3) 7.31(0.45-120.08) 0.16
Midregional proadrenomedullin (MR-proADM)
Median (IQR) 8 (6) 0.58 (0.47-0.76) 0.67(0.53-0.82) 2.87(0.73-11.20) 0.13
>0.646 8 (6) 96 (40) 17 (57) 2.19(1.01-4.74)  0.05
>1,00 8 (6) 16 (7) 4(13) 2.55(0.77-8.50)  0.13

§ Per 10 mg/lincrease
9 Per 0.1 pg/lincrease
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Table S4A. Variables used to make the equation for the model with signs and symptoms only.

Diagnostic variable Multivariable OR (95%Cl) P value B
Runny nose absent 3.13(1.39-7.06) 0.01 1.14
Feelill 12.81 (2.92-56.28) 0.00 255
Intercept -4.492

Table S4B. Variables used to make the equation for the model with signs and symptoms and CRP

Diagnostic variable Multivariable OR (95%Cl) P value B
Runny nose absent 3.42 (1.44-8.13) 0.01 1.230
Feelill 10.78 (2.38-48.89) 0.00 2.378
CRP >30 mg/l 4.82(1.99-11.66) 0.00 1.572
Intercept -4.797

We did not use current smoker since this represents more likely the type of patients for which chest X ray
was deemed necessary.
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The GRACE analysis in the current study cohort

In a recent evaluation of the GRACE study, in which 5% of 2820 patients with acute cough
had pneumonia on chest X ray, the addition of CRP to the clinical prediction rule correctly
reclassified 29% of patients (into low, intermediate or high probability of pneumonia).
Mostly, patients were reclassified into a lower risk group. Procalcitonin did not add rel-
evant diagnostic information (van Vugt SF, et al. BMJ. 2013;346:f2450.).

Here, we present the results of the evaluation of the GRACE derived-model in our cohort
of patients. Our results were entered in the multivariate model of the GRACE cohort to
assess the value of CRP to improve prediction by calculating the overall reclassification
improvement.

The GRACE equation used results from GP physical examination. Since we do not have
these data, we made three models using the GRACE algorithm. Firstly, we assume both
crackles and diminished breathing sounds present in all patients, secondly, we assume
both crackles and diminished breathing sounds absent in all patients and thirdly, we
assume both crackles and diminished breathing sound present in the patients with con-
solidation and absent in the patients without.

Equations using clinical parameters without and with CRP have been used to classify
patients in different predefined risk groups and calculate the overall reclassification im-
provement when adding CRP to the model.

Results

Using GRACE algorithm to assess overall classification improvement with adding CRP,
assuming both crackles and diminished vesicular breathing absent, the overall reclassifi-
cation improvement is 28.8%. Assuming both crackles and diminished vesicular breathing
present, the overall reclassification improvement is 4.4%. Assuming both crackles and
diminished vesicular breathing sounds present only in patients with pneumonia, the
overall reclassification improvement is 21.8%. See GRACE reclassification and overall
reclassification calculation (Tables S5A-C).

Discussion

We have used three scenarios to detect the possible differences in findings of the model.
The range of overall reclassification improvement is wide (4.4 to 28.8%), but better than
using our own model. Overall reclassification improvement in the GRACE model was 29%.

Using GRACE algorithm, reclassification into low or high risk group when adding CRP oc-
curred in 6 to 35% of patients, depending on the scenario assumed. In addition, in two out
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of three scenarios, the percentage of patients with pneumonia in the low risk group is too
high. Therefore, our best case and worst case scenario do not perform well, making our
model less valuable for evaluation of the GRACE prediction model.

Table S5A. GRACE reclassification: comparison of diagnostic risk for presence of pneumonia by GRACE di-
agnostic model with and without addition of measurement of CRP; Scenario assuming both crackles and
diminished vesicular breathing absent.

Risk according to Risk according to “symptoms and signs” model plus CRP continuous
“symptoms and signs”  p_ients with pneumonia Patients without pneumonia
model (withoutCRF) ——MMMM ™M

<2.5% 2.5-20% >20%  Total <2.5% 2.5-20% >20%  Total
<2.5% 0 1 0 1 85 4 0 39
2.5-20% 5 20 1 26 73 89 0 162
>20% 0 0 0 0 0 0 1 1
Total 5 21 1 27* 108 93 1 202*

* In 13 patients temperature is missing, 1 other clinical variable is missing (absence of runny nose). In 6
patients without pneumonia, CRP values are missing.

From the total cohort, 75 have been reclassified correctly and 9 have been reclassified
incorrectly. Therefore, the overall result is 66/229=28.8% correctly reclassified patients
with adding CRP to the model.

Table S5B. GRACE reclassification: comparison of diagnostic risk for presence of pneumonia by GRACE
diagnostic model with and without addition of measurement of CRP; scenario assuming both crackles and

diminished vesicular breathing present.

Risk according to Risk according to “symptoms and signs” model plus CRP continuous
“symptoms and signs”  py;ants with pneumonia Patients without pneumonia
model (withoutCRP) ——MF — ————

<2.5% 2.5-20% >20%  Total <2.5% 2.5-20% >20%  Total
<2.5% 0 0 0 0 0 0 0 0
2.5-20% 0 5 6 11 0 123 7 130
>20% 0 0 16 16 0 11 61 72
Total 0 5 22 27 0 134 68 202*

* In 13 patients temperature is missing, 1 other clinical variable is missing (absence of runny nose). In 6
patients without pneumonia, CRP values are missing.

From the total cohort, 6+11=17 have been reclassified correctly and 7 have been reclassi-
fied incorrectly. Therefore, the overall result is 10/229=4.4% correctly reclassified patients
with adding CRP to the model.
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Table S5C. GRACE reclassification: comparison of diagnostic risk for presence of pneumonia by GRACE di-
agnostic model with and without addition of measurement of CRP; scenario assuming both crackles and
diminished vesicular breathing present in patients with confirmed pneumonia.

Risk according to sign and Risk according to signs and symptoms plus CRP>30mg/|
symptoms without CRP Patients with pneumonia Patients without pneumonia
<2,5% 2,5%-20% >20% Total <2,5% 2,5%-20% >20% Total
<2,5% 0 0 0 0 35 4 0 39
2,5%-20% 5 6 0 11 73 89 0 162
>20% 0 14 2 16 0 0 1 1
Total 5 20 2 27 108 93 1 202

* In 13 patients temperature is missing, 1 other clinical variable is missing (absence of runny nose). In 6
patients without pneumonia, CRP values are missing.

From the total cohort, 73 have been reclassified correctly and 19+4=23 have been reclas-
sified incorrectly. Therefore, the overall result is 50/229=21.8% correctly reclassified
patients with adding CRP to the model.
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Figure S1. ROC curve biomarkers and need for hospital care after chest X ray
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Figure S2. ROC curve biomarkers and consolidation on chest X ray
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