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Abstract
AIM
To evaluate the association between C-reactive protein (CRP) and radiological evidence of lower respiratory tract infection (LRTI) in infants. 

METHODS
All patients aged less than 4 years who presented with suspected lower respiratory tract infection, who received a peri-presentation chest radiograph and CRP blood measurement over an 18-mo period were included in the study. Age, gender, source of referral, CRP, white cell count, neutrophil count along with the patients’ symptoms and radiologist’s report were recorded.

RESULTS
Three hundred and eleven patients met the inclusion criteria. Abnormal chest radiographs were more common in patients with elevated CRP levels (P < 0.01). Radiologic signs of LRTI were identified in 73.7% of chest radiographs when a patient had a CRP level between 50-99 mg/L. CRP levels were a better predictor of positive chest radiograph findings for those aged greater than I year compared to those 1 year or less. 

CONCLUSION
CRP may be used in patients with suspected LRTI diagnosis to select those who are likely to have positive findings on chest radiograph, thus reducing unnecessary chest radiographs.
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[bookmark: OLE_LINK111][bookmark: OLE_LINK112]Core tip: Abnormal chest radiograph findings are significantly more common in patients with elevated C-reactive protein (CRP) levels. Young children are most likely to have abnormal chest radiograph findings if they have all three of the following; a CRP level of 50-99 mg/L, respiratory symptoms and if they are aged greater than 1 year.
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INTRODUCTION
Despite the very low effective dose imparted during the acquisition of a chest radiograph this investigation is common and may be subject to excessive and unjustified use. Children have a greater risk of cancer when exposed to diagnostic ionizing radiation due to their larger proportion of dividing cells and also due to their longer life expectancy during which a potential radiation induced cancer can be expressed[1–3]. Post natal exposure to diagnostic ionizing radiation is associated with an increased risk of childhood acute lymphoblastic leukaemia[1] and brain neoplasms[3] and therefore use of all diagnostic imaging modalities which employ ionizing radiation should be limited and justified in young patients. There is also the issue of cost associated with performance of unnecessary radiological tests an also the issue of stress to patients and parents of performing radiological examinations in infants and young children.


In addition to chest radiography, non-specific serum inflammatory markers are commonly requested in paediatric patients with suspected lower respiratory tract infection (LRTI). Measurement of C-reactive protein (CRP) in these patients is commonplace and often helps to substantiate the clinical diagnosis, to establish the severity of infection and in some cases to monitor the therapeutic management of LRTI[4–11]. Routinely measured CRP levels may potentially be of additional clinical use to physicians and radiologists if they could aid in the selection and justification of performance of chest radiography in the setting of infantile lower respiratory tract infection. No previous study has examined the association between CRP and objective radiological evidence of LRTI in infants. Therefore we designed a retrospective study to determine whether an increased CRP level in paediatric patients presenting with acute respiratory symptoms, is associated with abnormal findings on chest radiography and to determine if other haematological and clinical parameters may additionally predict the presence of chest radiograph abnormalities.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK26]MATERIALS AND METHODS
This institutional ethical review board approved, retrospective study was conducted between January 2009 and August 2011. Infants aged between 28 d and 4 years who presented to a single institution with clinically suspected lower respiratory tract infection and who had undergone chest radiography and CRP blood measurement within a 24-h period were included in the study. Patients with chronic lung diseases such as cystic fibrosis were excluded from the study. Presenting symptoms were recorded from the patient medical records for each patient and CRP level, white cell count and neutrophil count were recorded in all cases from the hospital electronic laboratory database. The presence of consolidation, pneumonic infiltrates, bronchial wall thickening, peribronchial cuffing, collapse or effusion were retrospectively recorded in each case by 2 reviewers in consensus (HF, 2-year experience; SON, 4-year experience) following examination of the radiology reports in an unblinded fashion. The CRP level in all patients was measured in mg/L (normal 0-5 mg/L) using the Beckman Coulter Latex Enhanced Turbidometric assay.  

Statistical analysis
Data analysis involved the use of both descriptive and inferential statistics using SPSS 17 (IBM Computers, New York, United States). Descriptive methods employed included one-way and two-way frequencies along with mean and standard deviation. Inferential statistics consisted of 2 tests and t-tests. Correlation coefficient tests explored the relationship between quantitative measures. A threshold P-value value below 0.05 was deemed as statistically significant. Numerical averages are presented as mean ± standard deviation unless otherwise stated.

RESULTS
Three hundred and eleven patients were included in the study. There were 164 males (52.7%) and 147 females (47.3%) with ages ranging from 28 d to 4 years (mean age 1.2 years ± 1.3) (Figure 1). The distribution of age was very similar for both genders, with females being just slightly older (1.3 ± 1.3 years) than males (1.1 ± 1.3 years).  
Over half of all cases (53.2%) had been admitted directly to hospital following general practitioner (GP) referral, 37.2% were from the emergency department (ED) and the remaining 9.6% were outpatients. Patients aged less than one year of age were significantly more likely to be inpatients (P < 0.01). Forty-seven point five percent of all children who were inpatients were aged less than one year whereas 17.2% of all outpatients and 33% of all ED cases were in this age category. Outpatients were on average over double the age of inpatient cases. This age discrepancy by location is likely explained by a high rate of direct hospital admissions following GP referral, for younger patients as per hospital policy.
Twenty-five point one percent of all CRP measurements were in the “normal” range (0-5 mg/L), 40.2% were in the range 5-49 mg/L, 18.3% were in the 50-99 mg/L range and 16.4% of patients had a CRP of greater than 100 mg/L (Table 1).
Fifty point four percent had both respiratory and systemic symptoms whereas 24.8% had respiratory symptoms alone. The remainder (24.8%) had no respiratory symptoms and CRP and chest radiograph were performed for investigation of fever. CRP levels were significantly higher in patients with systemic symptoms (68.6 ± 86.2 mg/L vs 32.7 ± 55.2 mg/L) (P < 0.01). Patients who were seen initially in the ED had statistically significant lower CRP readings (28.5 ± 38.6 mg/L) than inpatients (57.8 ± 66.0 mg/L) (P < 0.001) or outpatients (74.6 ± 108.6 mg/L) (P < 0.001). This could reflect lower threshold for performance of chest radiography in the ED setting.  
Serum white cell count (WCC) (normal range: 4-11 × 109/L) ranged from 3.1- 55.6 × 109/L, with a mean of 13.9 ± 7.2 × 109/L. Serum neutrophil levels (normal range: 1.8-8 × 109/L) ranged from 0.6 to 38.1 × 109/L with a mean of 8.2 ± 5.7 × 109/L. There was no significant difference in WCC or neutrophil counts between inpatient, outpatients and ED patients. CRP levels correlated positively and strongly with WCC and neutrophil counts (P < 0.001). 
Fifty-eight point five percent of all chest radiographs were abnormal and abnormal findings were most frequently encountered in 1-year old patients (68.5%) (Figure 2). Abnormal chest radiograph findings were significantly more common in patients with elevated CRP levels (P < 0.01) (Figure 3). However, when patients were sub-grouped according to their age it was found that an elevated CRP level was significantly predictive of an abnormal findings on chest radiography in patients greater than 1 year of age (P < 0.01) but was not predictive of an abnormal chest radiograph in patients aged less than 1 year of age (P = 0.56). It is worth noting that a CRP of > 100 mg/L was less predictive of an abnormal chest radiograph than a CRP level of 55-99 mg/L (Figure 3). This was especially true in patients under one year of age where only 37.5% of chest radiographs were positive when the CRP exceeded 100 mg/L (Figure 4). Interestingly WCC and neutrophil counts were not predictive of an abnormal chest radiograph across the entire cohort or in sub-groups aged less than or greater than 1 year.   
The presence of respiratory symptoms (cough, wheeze, tachypnea, respiratory distress, dyspnoea) was more predictive of an abnormal chest radiograph than systemic symptoms alone (Figure 5). Infants aged less than one year with both respiratory symptoms and elevated CRP levels of 50-99 mg/L, were significantly more likely to have an abnormal chest radiograph (P < 0.01) (Figure 5). The combination of these 2 elements yielded a positive predictive value (PPV) of 62% for an abnormal chest radiograph whereas the absence of either had a negative predictive value (NPV) of 62%. Those aged 1-4 years presenting with both respiratory symptoms and a CRP of 50-99 mg/l had a PPV of 64% for an abnormal chest radiograph and the absence of either yielded a NPV of 75% for chest radiograph findings.

DISCUSSION 
The major finding of our study is that abnormal chest radiograph findings were significantly more common in patients with elevated CRP levels. This finding suggests that CRP levels may predict findings on chest radiographs in infants with suspected LRTI. A CRP range of 50-99 mg/L was most predictive of an abnormal chest radiograph. We also found that patients who were less than 1 year frequently have normal chest radiographs in the presence of CRP level elevations above 100 mg/L. This finding may be explained by the fact that the presenting complaints of patients aged less than 1 year may often be non-specific and possibly that those aged less than one year have an increased likelihood of having other possible infectious pathologies such as gastroenteritis or urinary tract infection, which are both common in this age group. The presence of respiratory symptoms was, as expected, a predictor of positive chest radiograph findings along with systemic symptoms. Patients aged greater than 1 year were also more likely to yield a finding on chest radiograph.
A single prospective case control study by Almirall et al[12] of patients greater than 14 years complements our own results by finding that CRP was an independent predictor of LRTI. It concluded that a serum CRP level > 33 mg/L can differentiate patients with true alveolar infection from patients with LRTI other than pneumonia. In our study, patients with a CRP of > 33 mg/L had a 68.2% likelihood of an abnormal chest radiograph, as opposed to a 24.7% chance of a normal radiograph. A CRP level of < 33 mg/L in children aged 1 to 4 had an NPV of 50% in predicting a normal chest radiograph. Almirall et al[12] also found that patients requiring inpatient care had higher CRP levels than outpatients and that CRP levels varied significantly with patient age in keeping with our findings.
In another study involving the adult population, Hopstaken et al[7] found that both ESR and CRP had a higher odds ratio at predicting pneumonia than clinical signs alone and therefore concluded that CRP along with clinical signs had sufficient sensitivity to predict the presence of LRTI. The authors of that study advise that it may be possible to safely withhold antibiotic treatment in adult patients with a CRP value of < 20 mg/L among other criteria. Again, this complements our findings in a pediatric setting, which suggest that a normal CRP may negate the need for chest radiography in patients aged 1 to 4, particularly in the absence of respiratory symptoms. Chest radiograph omission would have a beneficial impact in terms of radiation dose reduction to infants and their parents, workload reduction for radiographers/radiology technicians in a cohort of patients in which chest radiography can be challenging, decreased stress to sick infants and reduced economic costs.
Numerous previous studies examined the utility of non-specific inflammatory markers such as CRP and findings on chest radiographs in determining the nature of the infectious pathogen responsible for LRTI. These studies found little or no value of CRP levels or chest radiograph findings in the differentiation between bacterial and viral pneumonia[4,5,10,11]. As a result of these previous studies, attempts at differentiating between viral and bacterial pathogens was not undertaken in our study.
The issue of investigation and management of community-acquired pneumonia (CAP) in children has been extensively investigated recently. Recent studies, including a study by Neuman et al[13], have investigated the use of investigations including chest radiography and subsequent management of children presenting to hospital with CAP. The study investigated a mean of 375000 ED visits for CAP annually, during the study period from 2001-2009. Among children discharged from EDs with CAP, full blood count was performed during 30% of visits, chest radiography during 83%, and viral testing in only 13%[13]. A recommendation from the study was that efforts should be made to reduce the performance of certain diagnostic testing, such as a full blood count and chest radiography[13]. Anther very recent study by Florin et al[14] examined variability across hospitals in diagnostic test utilisation for children diagnosed with CAP during ED evaluation and to determine if test utilisation is associated with hospitalisation and ED revisits. This study analysed a total of 100615 ED visits were analysed. Full blood count (28.7%), blood culture (27.9%), and chest radiograph (75.7%) were the most commonly ordered ED diagnostic tests. There was significant variation in the utilisation of these investigations between hospitals. An interesting finding was that hospitals, which had increased rates of utilisation of these investigations, had increased likelihood of hospital admission compared to hospitals that utilised these investigations less frequently. However, ED revisits between the low- and high-utilising hospitals were not significant. The study concluded that an opportunity exists to reduce diagnostic testing for CAP without negatively affecting outcomes[14]. Recently, the Pediatric Infectious Diseases Society, have published guidelines on the management of CAP in infants and children older than 3 mo of age[15]. These guidelines suggest that routine chest radiographs are not necessary for the confirmation of suspected CAP in patients well enough to be treated in the outpatient setting and that chest radiography (posteroanterior and lateral) should only be obtained in children with suspected or documented hypoxemia or significant respiratory distress and in those with failed initial antibiotic therapy, to verify the presence or absence of complications of pneumonia, including parapneumonic effusions, necrotising pneumonia, and pneumothorax[15]. The findings of our study would suggest that serum CRP levels may play a role in guiding the decision of whether to perform or not perform a chest radiograph in this setting.
Limitations of our study include the retrospective design and that reviewers retrospectively analysed chest radiograph reports and findings. Prospective data collection may be more applicable in normal clinical practice than double or consensus read interpretations. Although CRP elevation is a useful biomarker for infection in the immunocompromised patient[16], we did not attempt to identify and separate individuals who might be particularly at risk of complications from a respiratory tract infection (such as those with immunodeficiency) and we cannot confidently state that our findings apply to children with a known history of immunodeficiency or malignancy. Ideally, further studies in a larger cohort of patients should be considered to evaluate the role of CRP in the triage and justification of chest radiography in the diagnosis and follow-up of LRTI in the infant population.
In conclusion, this study found that abnormal chest radiograph findings were significantly more common in patients with elevated CRP levels. Young children are most likely to have abnormal chest radiograph findings if they have all three of the following; a CRP level of 50-99 mg/L, respiratory symptoms and if they are aged greater than 1 year. We found no association between an abnormal chest radiograph and elevated WCC and neutrophil count.

COMMENTS
Background
There is an on-going and laudable drive to lower patient exposure to ionising radiation whenever possible. This is especially true when dealing with infants and young children who are at higher risk of malignancy from ionising radiation exposure. The authors acknowledge that the radiation exposure associated with chest radiography is very low. There is however, also the issue of cost associated with performance of unnecessary radiological tests and also the issue of stress to patient and parents of performing radiological examinations in infants and young children. For those reasons, the performance of radiological studies should be limited to clinical situations where it will aid diagnosis or alter management in a young patient cohort. The authors undertook a retrospective study to examine the relationship between serum C-reactive protein (CRP) levels to abnormal findings on chest radiographs to ascertain if raised CRP levels could predict abnormal chest radiograph findings.

Research frontiers
A previous study in adults had shown that low CRP levels could help predict those that require antibiotic treatment for lower respiratory tract infection. No previous studies have looked at using CRP levels in a pediatric population to predict those that may or may not require chest radiography.

Innovations and breakthroughs
The results of this study found that children aged between 1-4 with an elevated CRP were significantly more likely to have an abnormal chest radiograph. Conversely, the negative predictive value of a normal CRP in a patient with respiratory symptoms or a raised CRP without respiratory symptoms in this age group was 75%.

Applications 
The authors’ findings may help guide clinicians regarding the need to perform chest imaging when dealing with a child presenting with respiratory symptoms but without hypoxaemia or severe respiratory distress. The ultimate goal being the reduction of unnecessary ionising radiation exposure and reducing cost and potential stress to young patients and their parents.

Terminology
CRP is an acute phase protein released into the blood stream from the liver under the influence of circulating interleukin-6, secreted by T-cell and macrophages. It is used as a marker for inflammation.
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	CRP category
(mg/L)
	Frequency
 (N)
	Percentage

	< 5
	78
	25.1%

	5-49
	125
	40.2%

	50-99
	57
	18.3%

	> 100
	51
	16.4%


Table 1 Distribution of C-reactive protein levels in the patient cohort
CRP: C-reactive protein.
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Figure 1 Age distribution of patient cohort.







[image: ]
Figure 2 Rate of radiographic evidence of lower respiratory tract infection according to patient age.
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Figure 3 Rate of radiographic evidence of lower respiratory tract infection according to patient C-reactive protein levels.
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Figure 4 Rate of radiographic evidence of lower respiratory tract infection according to patient age and C-reactive protein level. CRP: C-reactive protein.
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Figure 5 Rate of radiographic evidence of lower respiratory tract infection according to patient symptoms and C-reactive protein level.
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