Uncorrected Proof

Arch Clin Infect Dis. 2019 April; 14(2):e63893.

doi: 10.5812/archcid.63893.

Published online 2019 April 24.

Research Article

Relationship Between the Serum Level of C-Reactive Protein and
Severity and Outcomes of Community-acquired Pneumonia
Farhad Malek 1 , Ali Gohari 1, * , Majid Mirmohammadkhani 2 and Farnaz Ardiani 3
1

Department of Internal Medicine, Semnan University of Medical Sciences, Semnan, Iran
Social Determinants of Health Research Center, Semnan University of Medical Sciences, Semnan, Iran
Semnan University of Medical Sciences, Semnan, Iran

2
3
*

Corresponding author: Assistant Professor, Infectious Diseases Specialist, Department of Internal Medicine, Kosar Hospital, University of Medical Sciences, Semnan, Iran. Tel:
+98-2333437844, Email: aligohari@semums.ac.ir

Received 2017 November 09; Revised 2018 January 26; Accepted 2019 February 17.

Abstract
Background: Evaluation of severity, complications, and risk of death due to community-acquired pneumonia (CAP) plays a major
role in making decisions about treatment. Biomarkers are one of the tools used to diagnose the disease.
Objectives: The current study aimed at evaluating the relationship between C-reactive protein (CRP) serum level and outcomes of
CAP in affected patients.
Methods: CRP serum level was measured on the 1st and 3rd days of admission in 73 patients. Chest X-ray was taken and CURB-65
(confusion, blood urea > 42.8 mg/dL, respiratory rate > 30/minute, blood pressure < 90/60 mmHg, age > 65 years) criteria was also
applied. The patients were followed up for 30 days and evaluated for admission to intensive care unit (ICU), need for mechanical
ventilation, inotropic support, incidence of pleural effusion, empyema, lung abscess, and death.
Results: CRP level on the 3rd day of admission had a significant and direct relationship with the incidence of complications and
death in patients. There were no significant relationship between CURB-65 score and mean CRP level on admission. There was a
significant relationship between mean CRP level on 3rd day and CURB-65 score. Clinical status had a significant relationship with
mean CRP levels on the 1st and 3rd days of admission. Considering a cutoff point of 25 for CRP level on the 3rd day of admission,
there was a significant difference between two groups in terms of mortality rate and CURB-65 scores.
Conclusions: The results of the current study showed that elevated CRP level on the 3rd day of admission could be a sign of increased
risk of complications and severity of the disease as well as death. It can be used as a factor for the prognosis of complications and
outcomes.
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1. Background
Pneumonia is defined as an infection of the lung
parenchyma, which is classified into two groups of
community-acquired pneumonia (CAP) and healthcareassociated pneumonia (HCAP). HCAP includes two
subgroups: hospital-acquired pneumonia (HAP) and
ventilator-associated pneumonia (VAP) (1).
CAP is going to be a public health problem worldwide.
The annual expenditures spent to deal with CAP in the
United States are about US $9 - 10 billion. Its annual incidence among the adult population is 0.3% - 0.5%. The incidence of this disease is higher among people at the two
ends of the age spectrum. CAP accounts for 5% - 15% of all
deaths in hospitalized patients. In the United States, pneumonia is among the top 10 leading causes of death among
all age groups and the 6th leading cause of death among

people aged 65 years and above. It is also the most common cause of mortality due to infectious diseases (1-7).
In the United States, 4 million newly infected CAP cases
are identified annually of which 80% are treated by outpatient services, while 20% need hospitalization (1). More
than 36% of all hospitalized patients are admitted to the
intensive care unit (ICU), and despite many advances made
in antimicrobial therapy, mortality rate of CAP is above 30%
(8-12).
Streptococcus pneumoniae is the most common bacterial cause of CAP, which covers about 35% of known microorganisms (13). The general risk factors for CAP play a
major role in the selection of therapeutic regimen. CAP
risk factors include alcoholism, asthma, immunosuppression, living in a nursing home, and being 70 years and
older (as compared with 60 - 69 year age group) (1).
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Some criteria objectively determine the risk of unfavorable outcomes, especially severe disease and death; the use
of such criteria can help to minimize the frequency of unnecessary hospitalizations and detect the patients who are
in need of hospital care services (1, 9, 14-16).
During the 1990s, there were some advances in the
application of risk factor criteria, including CURB-65
(confusion, blood urea > 42.8 mg/dL, respiratory rate >
30/minute, blood pressure < 90/60 mmHg, age > 65 years)
as well as its simplified version, i e, CRB-65 (16, 17). Both of
these measures are valid (18, 19), though they have some
limitations. They can predict the probability of death; however, they cannot determine the inflammatory response,
which is now considered as a key aspect in the prognosis
of CAP (20).
Since 2004, CURB-65 is used to identify patients at high
risk of death. It prioritizes patients for invasive examinations, treatment, and receiving care services in the ICUs
(16).
Previous studies showed that inflammatory markers
may play a major role in the prognosis of severe CAP (21).
Various cytokines are released into the bloodstream as a result of infection. C-reactive protein (CRP) and cytokines are
the markers often associated with pneumonia (17, 20-29).
A few studies showed that an elevated CRP level is almost
non-specific and does not directly correlate with the severity of the disease (28, 30). Measurement of serum CRP level
is recommended as a marker, which indicates the treatment failure in CAP (31). CRP level less than 10 mg/L in patients with pneumonia is atypical and can be used to rule
out the diagnosis. CRP ≥ 100 mg/L confirms the diagnosis of pneumonia. It is also associated with 30-day mortality and may increase the need for mechanical ventilation
or vasopressor support, all of which are associated with severe pneumonia (17, 21).
Most patients hospitalized due to CAP have a satisfactorily response to treatment, but treatment failure occurs in
approximately 10% - 15% of cases, and nearly 6% of patients
may develop a rapidly progressive and life-threatening
pneumonia. It was shown that deaths due to CAP mainly
occur in patients with treatment failure with a mortality
rate of > 40% (32-34). It is recently shown that severe systemic inflammatory response in patients with sepsis or severe CAP is associated with poor prognosis and deleterious
outcomes (35, 36). Previous studies on some biomarkers
such as CRP and procalcitonin (PCT) had promising initial
results (29, 37).
If CRP serum level does not reduce by 50% or more
within four days after the admission, it is indicative of a
complication such as empyema (21, 25). It was shown that
elevated CRP independently predicts death in critically ill
patients (21), although it was not assessed for CAP (21).
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Evaluation of the patients in terms of severity of the
disease, complications, and death plays an important role
in making decisions about treatment plan. Given the high
prevalence of the disease and the high costs of health care,
it is of great importance to make a detailed clinical and
therapeutic decision for the patients. A review of literature showed that some studies reported controversial results and the majority of them often focused only on one
aspect of biomarkers in patients with CAP. Hence, the current study, owing to the important role of age, gender,
body mass index (BMI), underlying disease, and tobacco
and alcohol consumption, aimed at investigating the relationship between CRP and severity of the disease, complications, and mortality rate in patients with CAP.
2. Objectives
Since to the best of authors’ knowledge, no similar
study was conducted in Iran thus far, the results of the current study can help to adopt a better treatment approach
for such patients
3. Methods
In a cross sectional study, eligible patients with CAP
hospitalized in Kosar Hospital in Semnan, Iran were enrolled in the study. Inclusion criteria were: new infiltrates
on chest radiograph with at least two clinical signs of CAP
(fever higher than 38°C, productive cough, bloody sputum,
chest pain, shortness of breath, and crackles on auscultation of the lungs). patients with a history of hospitalization within the past 15 days, taking immunosuppressive
drugs and/or steroids more than 15 mg per day, leukopenia
less than 1000/mm3 , and neutropenia less than 500/mm3
(except for cases attributed to CAP) were excluded from the
study. Considering P = 0.05, d = 0.05, and α = 0.05, the sample size was 73.
Demographic characteristics including age, gender,
BMI, tobacco and alcohol consumption, underlying diseases, vital signs, and positive cases identified in clinical
examination were registered in patient’s records on admission. The CRP levels measured on the 1st and the 3rd days of
admission (if the patient was available) were also recorded.
CURB-65 scale was used to measure the severity of the disease. The emergence of any complication along with its
time was recorded in the patient’s datasheet. The patients
were followed up for 30 days, starting from admission day
(in one case on the day 15 and in another case on the day
30 of admission). During follow-ups, the following items
were evaluated: admission to the ICU, need for mechanical
ventilation or inotropic support, incidence of pleural effusions, empyema, lung abscess, and death.
Arch Clin Infect Dis. 2019; 14(2):e63893.
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T test and ANOVA were used for quantitative comparison and Chi-square test for qualitative comparison. P <
0.05 was considered as the significance level in all the tests.
Statistical analysis was performed with SPSS version 16. All
data were collected after obtaining informed consent from
patients; data kept confidential.
4. Results
The current study aimed at determining the relationship between CRP and severity and outcomes (complications and death) of CAP in the affected patients. A total of 73 patients were enrolled in the study of which 39
were above 70 years old. The mean age of the patients
was 69.64 ± 25.62 years; 45 subjects were male and 28 female. BMI of 51 subjects was < 26 kg/m2 , while it was ≥
26 kg/m2 in the rest 22 subjects. The presence of comorbidities including chronic obstructive pulmonary disease
(COPD), asthma, cardiovascular disease, and diabetes were
also studied. Of all, 16 patients (21.9%) were smoker and 57
(78.1%) non-smoker. The following complications occurred
in 15 patients: admission to the ICU, need for mechanical
ventilation, empyema, and severe sepsis. Of all patients
with complications, four patients died and 11 survived.
Mean days of hospitalization was 9.75 days. In 36 patients the duration of hospital stay was less than five days,
while in 37 patients it was more than five days. Of all the
studied patients, 63 had a stable condition and 10 had an
unstable condition. The mean CURB-65 score of the patients was 1.56 ± 1.04. Moreover, 41 patients (56.2%) got a
score of 1 or lower and 32 (43.8%) got a score of 2 or higher.
Tables 1 and 2 present the frequency of complications and
disease outcomes.
Table 1. Patients’ Health Status, 15 Days After Admissiona
Positive

Negative

Admission to ICU

14 (19.2)

59 (80.8)

Mechanical ventilation

9 (12.3)

64 (87.7)

Pulmonary edema

3 (4.1)

70 (95.9)

Empyema

0 (0)

73 (100)

Abscess

0 (0)

73 (100)

Severe sepsis

2 (2.7)

71 (97.3)

a

Values are expressed as frequency (%).

Based on the results of statistical analysis, there was no
significant difference between the CRP levels measured on
the 1st and 3rd days of admission (P = 0.127). There was a
significant difference between the patients with a hospital
stay of five days or less and the ones with a hospital stay
of more than five days in terms of the mean CRP levels on
Arch Clin Infect Dis. 2019; 14(2):e63893.

Table 2. Patients’ Health Status, 30 Days After Admissiona
Positive

Negative

Death

2 (2.7)

71 (97.3)

Admission to ICU

3 (4.1)

69 (93.2)

Mechanical ventilation

3 (4.1)

69 (93.2)

Pulmonary edema

1 (1.4)

70 (95.9)

Empyema

0 (0)

71 (97.3)

Abscess

0 (0)

71 (97.3)

Severe sepsis

0 (0)

71 (97.3)

a

Values are expressed as frequency (%).

the 1st and 3rd days of admission (P = 0.28 and P = 0.015,
respectively).
Based on the results of unadjusted regression analysis,
there was no significant difference between patients who
died and survived in terms of the mean CRP level on admission (P = 0.068); however, the mean CRP levels on the 3rd
day were significantly different between the two groups (P
= 0.016). There was no significant difference between patients with complications and the ones without complications in terms of the mean CRP levels on the 1st and 3rd days
of admission (P = 0.058). The mean CRP levels on the day
3 were significantly different between the two groups (P =
0.005).
There were significant differences between the patients with stable clinical conditions and the ones with unstable clinical conditions in terms of the mean CRP levels
on the 1st and 3rd days of admission (P = 0.016 and P =
0.004, respectively).
According to the results of adjusted regression analysis, based on the CRUB-65 criteria, there was no significant difference between the patients with different BMIs in
terms of the mean CRP level on the day 1 after admission (P
= 0.449), but there was no significant difference between
the two groups in terms of the mean CRP level on the day 3
after admission (P = 0.049).
There was no significant difference between the patients with and without comorbidities in terms of the
mean CRP levels on the 1st and 3rd days of admission (in
patients with and without COPD: P = 0.550 and P = 0.068, respectively; in patients with and without asthma: P = 0.630
and P = 0.053, respectively; in patients with and without
cardiovascular disease: P = 0.608 and P = 0.087, respectively; in smokers and non-smokers: P = 0.660 and P =
0.078, respectively). In other words, based on CRUB-65 criteria, the parameters of underlying disease, cardiovascular disease, and smoking had no mutual relationship with
CRP, and increasing or decreasing their values could not be
used for the prognosis of the other parameters.
3
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Considering a cutoff point of 25 for CRP, the patients
were divided into two groups and chi-square test was
used to compare the frequency and percentage of mortality, complications, and disease severity between the two
groups. There was no significant difference between the
two groups of patients with a CRP level of less than and
more than 25 on admission in terms of mortality (P =
0.091); however, considering CRP level on the 3rd day of admission, there was a significant difference between the two
groups in terms of mortality (P = 0.004).
There were significant differences between the two
groups of patients with a CRP level of less than and more
than 25 on the 1st and 3rd days of admission in terms of
the incidence of complications (P = 0.005, and P = 0.0001,
respectively). Moreover, there were significant differences
between the two groups of patients with a CRP level of less
than and more than 25 on the 1st and 3rd days of admission
in terms of disease outcomes (P = 0.017, and P = 0.0001, respectively).
There was no significant difference between the two
groups of patients with a CRP level of less than and more
than 25 on admission in terms of CURB-65 score (P = 0.091);
however, considering CRP level on the 3rd day of admission, there was a significant difference between the two
groups in terms of CURB-65 score (P = 0.004).

5. Discussion
In the current study, the results of unadjusted regression analysis showed a significant difference in terms of
the CRP levels on the 3rd day between the two groups of patients who died or survived and in patients with and without complications (P = 0.016 and P = 0.005, respectively).
There were significant differences between the two
groups of patients with CRP levels on 3rd day with a cutoff point of 25 in terms of mortality and disease severity (P
= 0.004 and P = 0.021, respectively).
Several studies investigated the role of CRP in the prognosis of CAP and almost all reported similar results. In a
study by Hoenthal U in Finland, CRP level was assessed in
CAP, with a particular focus on the severity of illness (the
pneumonia severity index). Results showed a positive correlation between high levels of CRP and the severity of the
disease. A higher CRP levels on admission was associated
with ICU stay. A significant difference was seen on the 1st
day CRP level of patients in term of tobacco and alcohol
consumption and history of antibiotic use (28).
In the current study, elevated level of CRP on admission
was associated with higher complications as well as disease outcomes and clinical condition, but 1st and 3rd days
CRP levels were not associated with smoking.
4

In a study by Menendez et al. (20), the role of biomarkers was investigated in the prognosis of death in patients
with CAP. The 30-day mortality was 7.9% and 31 patients
died during hospitalization. In their study, the patients
who died were older, had more neurological disorders, and
higher initial severity. The 1st day CPR level in the patients
who died was higher than that of the survived ones. In
the current study, 1st day CPR level had no significant relationship with the age and mortality rate, but higher levels of CRP on admission and presence of comorbidities increased mortality rate and ICU stay. Also, the results of regression analysis based on the CURB-65 criteria showed a
significant difference in the 3rd day CRP levels with a cutoff point of 25, although the difference in the 1st day CRP
level was not significant.
In another study in Spain, the relationship of systemic
inflammatory response of cytokines, CRP, and PCT was investigated with treatment failure. Treatment failure occurred in 84 patients (18%) and 38 patients experienced
early treatment failure. The mean interleukin-6, PCT, and
CRP levels on the 1st and 3rd days and the mean IL-8 levels
on the 1st day of admission were significantly higher in patients with treatment failure. Results of logistic regression
showed that the CPR levels cutoff point of 21.9 mg/dL on admission was independently effective in treatment failure
(odds ratio (OR): 2.6). In the study, elevated levels of CRP
on admission independently predicted early and late treatment failure (29). In the current study, higher 3rd day CRP
level was associated with incidence of complications. Also,
the results of regression analysis showed that 3rd day CRP
level at the cutoff point of 25 had a significant relationship
with the incidence of complications and the exacerbation
of conditions in the future days, and can be a prognostic
factor, especially for death.
In a prospective cohort study, different patterns of CRP
ratio in response to antibiotic therapy were evaluated in
patients with severe CAP who admitted to ICU. CRP ratio
was calculated on the basis of the CRP level measured on
admission. In patients who survived, CRP level decreased
from the 1st day to the 7th day (P = 0.01) (26). In the present
study, the elevated CRP level on the 1st day and its high level
until the 3rd day were associated with increased incidence
of complications and outcomes.
In the study by Chalmers, the role of CRP level on admission and 4 days after admission was investigated in
the prognosis of CAP severity. Overall, 20.7% of the patients were discharged within the first 24 hours of admission of which 13.5% were in need of mechanical ventilation and/or inotropic support. Complicated pneumonia
was observed in 7.3% of the patients and 30-day mortality
rate was 9.6%. CRP < 100 mg/L was independently associated with reduced risk of 30-day mortality (OR = 0.18; P =
Arch Clin Infect Dis. 2019; 14(2):e63893.
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0.03). In addition, it was associated with a reduction in
the need for mechanical ventilation or inotropic support
(OR = 0.21; P = 0.002). CRP < 100 mg/L was associated with
reduced risk of pneumonia complications (OR = 0.05; P =
0.003). Their study also showed that if CRP level did not
reduce within 1st four days of admission by 50% or more,
it was independently associated with increased risk of 30day mortality (OR = 24.5; P = 0.0001) (21). In the current
study, mortality rate was lower than that of the latter study;
however, the incidence of complications was higher. Considering a cutoff point of 25 mg/dL for CRP, no significant
changes was observed in mortality rate (P = 0.091); however, the incidence of complications and patient outcomes
were significantly different (P = 0.005 and P = 0.017, respectively).
The study by Gareth Walters HSL investigated the role
of CRP level on admission in the prognosis of bacterial
pneumonia complications. According to the findings of
his study, the frequency of lung abscess, pulmonary effusion, empyema, admission to ICU, and 30-day mortality
were 0%, 9.6%, 5.2%, 7.6%, and 12.2%, respectively. CRP ≥ 300
mg/L on admission was associated with increased risk of
admission to ICU (P = 0.006; OR = 6.5), but it did not increase the risk of effusion, empyema, or death. CRP ≥ 100
mg/L on admission was not associated with a higher incidence of complications. Failure to reduce CRP level by
50% within four days or more after admission increased
the mean length of hospital stay from 10 to 13 days, increased the risk of effusion (P = 0.03; OR = 5.83), and increased the OR of death (P = 0.02; OR = 4.82) (38). In the
current study, the incidence of complication was 20.5%, ICU
admission 19.2%, need for mechanical ventilation 12.3%, pulmonary edema 4.1%, and severe sepsis 2.7%. The incidence
of complications was associated with the CRP level on the
3rd day of admission (P = 0.005). Elevated CRP level on admission was associated with increased risk of ICU stay and
elevated CRP level on the 1st and 3rd days were associated
with prolonged hospital stay (P = 0.028 and P = 0.015, respectively).
The study by Makarevich was conducted on patients
with severe CAP and CURB-65 risk classes III to V who were
admitted to the ICU. Severity of CAP was associated with elevated CRP level (P < 0.05). As observed, the patients who
died had a higher level of CRP in comparison with the survived ones (241 mg/mL vs. 11 mg/mL; P < 0.05) (39). In the
current study, there was no correlation between elevated
CRP level on admission and death (P = 0.072) that might be
due to differences in sample size and study method. However, considering a cutoff point of 25, the mean CRP levels
were significantly different between patients with CURB-65
score ≤ 2 and > 2 and; thus, it can have a prognostic value
for mortality and morbidity (P = 0.004).
Arch Clin Infect Dis. 2019; 14(2):e63893.

The results of the current study showed no significant
changes in CRP level of patients who developed complications or death. In addition, the controversy between the
results can be attributed to applied research methods and
sample size differences.
5.1. Limitations of the Study
Small sample size was one of the important limitations
of the current study.
5.2. Recommendations
It is recommended to perform further studies with
larger sample sizes using both qualitative and quantitative
methods to measure CRP and cytokines levels, especially
CRP, during the hospital stay (up to 30 days).
5.3. Conclusions
The results of the current study showed that elevated
CRP level on the 3rd day of admission could be a sign of increased risk of complications, severity of the disease, and
death. It can be used as a prognostic factor for CAP complications and outcomes.
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