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ABSTRACT

During the flu season that can impair human health, it is difficult to determine whether a patient has a bacterial
or viral infection. The C-Reactive Protein marker is one of the markers in laboratory diagnostics that shows
inflammatory processes in the body. The purpose of this study was to prove that the CRP marker is an
indicator of bacterial infections and that it is presented in higher concentration in patients with bacterial
infection than in patients with a viral infection. Therefore it is helpful in the differentiating bacterial infections
from viral infections.

Keywords: C-reactive protein, Inflammation, Bacterial infections, Viral infections, Infections

Corresponding Author:

Asst. Prof. Dr. Altijana Hromic-Jahjefendic,

Department of Genetics and Bioengineering,

International University of Sarajevo, Sarajevo, Bosnia and Herzegovina
Hrasnicka cesta 15

E-mail: ahromic@ius.edu.ba

1. Introduction

1.1. Inflammation

The body's response to injury or infection is inflammation. As a part of that response, the liver produces a
substance called C-reactive protein (CRP) that is released into the bloodstream. Infectious diseases are a
significant cause of death, injury and social and economic distress for millions of citizens around the globe.
Poverty, inadequate access to health services, human displacement, evolving infections and antibiotic resistance
all lead to the increasing severity of infectious diseases [1].

An inflammatory reaction is a defensive dynamic process of the organism. It is present in patients with viral,
bacterial, fungal or parasitic infections. To initiate appropriate diagnosis as soon as possible and to avoid
unnecessary antibiotic therapies, it would be helpful for the doctor to learn as soon as possible whether the
infection is bacterial or viral.

1.2. Characteristics of C-reactive protein

CRP belongs to the family of pentameric proteins known as pentraxins. Its structure has been determined in
1996 by X-ray crystallography at 3 A resolution [2]. The human CRP molecule is composed of five identical
nonglycosylated polypeptide subunits, each containing 206 amino acid residues [3]. In the case of an acute
process, such as trauma, plasma CRP concentrations rise within 6 hours, peak after 48 hours and CRP
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concentration then decreases with a half-life of approximately 19 hours [4]. According to Straus [5], the serum
of healthy adults and adolescents contains less than 5 mg/L of CRP. The 10-50 mg/L concentration range of
CRP is associated with moderate inflammation, such as local infection, surgery, deep vein thrombosis and most
viral infections [6]. A concentration of CRP up to 100 mg/L is a condition that indicates the involvement of a
higher degree of the inflammatory process [7]. Determination of CRP is a good laboratory analysis tool to
distinguish bacterial from viral infections. CRP is determined by immunonephelometric, immunoturbidimetric,
or radial immunodiffusion [5].

1.3. Infections

Even today, despite the great advances in laboratory diagnostics and modern devices available, it is difficult to
distinguish bacterial infection or sepsis from possible other non-infectious causes based on the clinical picture
[8]. CRP has been used for a long time as a sensitive indicator of bacterial infection and many studies are
underway to determine its effectiveness as a predictor of infection. Given that there is a lag in time i.e. the need
to take some time from the beginning of infection to an increase in the value of CRP, this inflammatory marker
is often used in combination with other biomarkers in the serum (leukocytes, fibrinogen, erythrocyte
sedimentation rate, procalcitonin) [9]. Respiratory infections are the most common reason to visit a doctor and
the main reason for prescribing antibiotics in the world. Primary health care and respiratory diseases are at the
forefront of healthcare costs with an 18% share, with acute respiratory infections leading the way [10]. The
most common bacterial agents of respiratory infections of the upper respiratory tract are Streptococcus
pneumoniae, Streptococcus pyogenes (beta-hemolytic streptococcus group A, BHS-A), Haemophilus influenzae
and Moraxella catarrhalis [11].

Furthermore, research from 2001 which included 30 patients out of which 15 had bacterial infections (beta-
hemolytic streptococcus group A) and 15, viral infections (measles, rubella, rotavirus enteritis), proves that CRP
values were highly increased in patients with bacterial infections compared to viral infections. In patients with
bacterial infections, the differential index (DI) ranged from 3.9 to 50, while in viral infections, DI ranged from
0to0 0.9) [12].

The presence of viruses is obvious in the host organism when the virus is pathogenic, however, many healthy
organisms are a host to non-pathogenic virus infections, and those viruses can be active or inactive. Viruses are
agents of many diseases that affect humans, from the common cold to those diseases that can be lethal (e.g.
rabies) [13]. Although bacteria [14], as well as fungi [15] can cause acute respiratory infections (ARIs), the
most common cause of those are respiratory viruses (rhinoviruses, coronaviruses, parainfluenza viruses,
influenza viruses, adenoviruses, human metapneumovirus and respiratory syncytial) are responsible for more
than 85% of all infections [16]. Research in 2013 [17] uses C-reactive protein as a predictor of bacterial infection
among patients with an influenza-like illness. They prove that C-reactive protein (CRP) levels among patients
with influenza-like illnesses diagnosed with a bacterial infection will be higher than patients diagnosed with
influenza or other viral infection.

Researchers that compare bacterial and viral infections in an acute phase by measuring inflammatory markers
including C reactive-protein (CRP), serum amyloid A (SAA), and 2’-5’-oligoadenylate synthetase (2-5A
synthetase) concluded that in the acute phase of bacterial infections, CRP values were highly increased while
2-5A were normal. In a viral infection, CRP values were normal or slightly increased compared to the 2-5A
synthetase where levels were increased. Also, they concluded that CRP values and SAA paralleled each other
[12].

A study from 2007 [18] shows that CRP values during respiratory virus infections, including co-infection with
multiple viruses, did not increase significantly. However, when an individually analyzed respiratory virus (RV),
during specific RV infections, a significant increase in CRP level was observed with more prominent increases
in elderly patients (61.9%, 2,855 of 4,610 cases).

Previous studies [19] have shown that, if not treated, influenza virus infections can increase susceptibility to
secondary bacterial infections, such as pneumococcal pneumonia. Also, several different studies have shown
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that the respiratory syncytial virus (RSV) induces the attachment of S. pneumoniae, Pseudomonas aeruginosa
and Haemophilus influenzae to respiratory epithelial cells which can cause lung diseases [20] [21].
Furthermore, adenovirus and rhinovirus have also been shown to promote adhesion of S. pneumoniae to the
airway epithelium [22].

A 2004 study [23] shows that moderately elevated CRP (10-60 m /I) is a common finding in upper respiratory
tract infection (influenza A, influenza B, rhinovirus, and other agents) and cannot support a diagnosis of
bacterial infection when the disease lasts less than seven days. However, after a week, certain values can suggest
a viral infection complication.

2.  Materials and methods

The inclusion of the subjects in this research was made based on the medical history taken by the doctor at the
patient's arrival at the Polyclinic Atrijum, located in Dzemala Bijedi¢a St 185, Sarajevo, Bosnia and
Herzegovina.

After taking the anamnesis and examination, as well as a certain diagnosis determined by an independent and
randomly selected physician who is not actively participating in this study, based on symptoms suggestive of
bacterial or viral infection, further laboratory tests were suggested, including a marker C reactive protein.

2.1. Demographic characteristics of patients

The study included 60 patients (female and male) who came to do their laboratory analysis in Polyclinic Atrijum.
The serum CRP concentration was determined in 60 subjects divided into three groups:

. Group I - Patients with a bacterial infection
. Group Il - Patients with a viral infection
. Group 111 - Control group of subjects

30 respondents were female and 30 males, and the inclusion of the subjects in the research was made based on
the medical history taken by the doctor at the patient's arrival at the Polyclinic Atrijum.

Group | consists of patients who have sought out a physician after the onset of the first symptoms of bacterial
inflammation (body temperature was 38°C or above, patients often feel languor, muscle pain, sore and painful
throat, swelling, redness, chest pain, headache, sore throat with purulent deposits, etc.). After a physical
examination by a physician, laboratory tests, with the focus on CRP examination were induced and antibiotic
therapy (for high CRP values) was initiated. After the antibiotic therapy (7-12 days), patients returned for a
follow-up examination and were re-tested for CRP.

Group Il consists of patients who have sought out a physician after experienced symptoms of viral infection
(mild fever, nasal congestion, red pharynx with exudate, cough, mild cough, enlarged lymph nodes, sore throat).
After a physical examination by a physician, laboratory determination of the CRP concentration was prescribed
and symptomatic therapy was performed according to the obtained values (medicines against fever and pain,
nasal congestion, sore throat or mild dry cough, vitamin C, various vitamins and mineral supplements, zinc).

Group I consists of patients who came to the Polyclinic Atrijum for preventative checkups. Part of the arrivals
was due to a legal obligation that requires every employee to undergo a systematic review once a year. While
another part of the patients come on their own initiative.

Individuals who went through a routine check-up by an internist, were those who needed systematic preventive
checkups to assess their ability to do work-related tasks. Subsequently, those patients were examined using
electrocardiography, abdominal ultrasound, ultrasound of the thyroid gland and laboratory analyses
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(Sedimentation, CBC, RBC, ALT, AST, tPSA, PSA, HDL, LDL, K, Mg, Na, Trig, TSH and CRP). This group
consists of completely healthy subjects with no symptoms of inflammation.

The use of antibiotics without medical guidelines is inappropriate because the use of unnecessary and inaccurate
drugs and the wrong doses of the same and inappropriate duration of therapy increases the risk of developing
resistant bacteria. Moreover, it can affect the first sample in bacterial infection cases of the CRP marker.
Accordingly, patients who used antibiotic therapy before coming to the Polyclinic Atrijum were excluded from
the study.

2.2. Blood sampling and preparation

Patient samples were taken in a standard way to collect samples for biochemical analysis and treatment. Blood
from the cubital vein was used as the sample for analysis. Using separator gel tubes and centrifuging (3500 rpm
for 15 min) these samples yielded transparent serum samples that were used for analysis on automatic analyzers.
Interferences in serum samples such as hemolysis, lipemia, or ictericity were not used for analysis because they
would give inadequate results.

2.3. Analytical methods

C-reactive protein was determined in serum by a quantitative, highly sensitive immunoturbidimetric method on
a Mindray BS 480 analyzer. The principle of the method is based on the formation of a complex between specific
antibodies bound to latex particles, which is in suspension in the reagent and human CRP in the serum sample.
The resulting content of insoluble aggregates, measured spectrophotometrically at a wavelength of 340 nm, is
proportional to the concentration of CRP in the serum tested. The measuring range of the method is 0-300 mg/L.
This means that the lower limit of detection (lowest measurable concentration) is 0 mg/L and the linearity is up
to 300 mg/L.

2.4. Statistical Analyses

The preparation and storage of data for statistical analysis were done in Excel (Microsoft). The software package
used when processing the data is IBM-SPSS Statistics 20.0. The following statistical procedures were used:

Descriptive statistics for calculating mean, median, and standard deviation.
Kolmogorov-Smirnov and Shapiro-Wilk test for normality of distributions.
Mann-Whitney U for examining statistically significant differences between study groups.
Spearman's coefficient for correlation testing.

PwnNPR

3. Results and discussion

3.1. Control of the precision and specificity of the test

Prior to the start of the research, quality control for the CRP biochemical marker was established. Ten control
serums were administered for Control Normal and Control Pathological. The results of the control are shown in
Table 1.

Table 1. The accuracy of determination method for CRP

CRP Control Normal Control Pathological
X (mg/L) 2.56 37.6
SD 0.,085 1.,091
CV % 3.32 2.,90
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The mean control value for CRP was 2.56 mg/L for control normal serum and 37.6 mg/L for control pathological
(Table 1). The precision of the method itself is significant since the coefficient of variation is in the range of
2.90% to 3.32%.

Fig. 1 and Fig. 2 show Levey-Jennings control charts for our CRP value of controls. All controls were in the
range of 2 standard deviations (2 SD), which implies that the methods were reliable.
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Figure 1. Levey-Jennings Control Card for the CRP — Normal Control
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Figure 2. Levey-Jennings Control Card for CRP — Pathological Control

3.2. Descriptive statistics for calculating mean, median, and standard deviation

For subjects with higher value of the CRP marker (Group 1), two measurements were performed: upon arrival
at the Polyclinic Atrijum and on their second arrival after using the prescribed antibiotics, which were for 7-10
days. Group | subjects included a total of 20 patients, of which 10 were male and 10 were female. The study
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showed that the mean age of the subjects in the first group of patients with bacterial infection was 43.85. The
youngest respondent was 14 years old, while the oldest was 79 (Table 2).

The mean CRP before taking therapy was 73.63, while the lowest CRP before taking therapy was 12.50 and the
highest was 167.20. The mean value for days of treatment in subjects with bacterial infection is 9.15, while the
minimum value was 7.00. The maximum value for days of therapy is 10 days. Mean CRP of subjects with
bacterial infection after therapy was 5.97. The minimum CRP value of subjects with bacterial infection after
therapy was 1.37, while the maximum value was 14.00 (Table 2, Fig. 3). A significant difference between the
values of CRP markers upon arrival of patients in the clinic and after taking antibiotic therapy was observed.
CRP marker values before taking therapy are significantly higher.

Table 2. Group | - Patients with a bacterial infection

BACTERIAL INFECTION
No Mean Min Max Median SD
Age 20.00 | 43.85 14.00 79.00 46.50 19.34
Male 10.00 | 47.25 19.00 79.00 49.50 22.42
Female 10.00 | 41.58 14.00 67.00 41.50 17.67
TD 20.00 9.15 7.00 10.00 10.00 1.35
CRP 20.00 | 73.63 12.50 167.20 52.10 49.08
CRP 20.00 5.97 1.37 14.00 6.45 3.55

No-Number of patients; SD — Standard deviations; TD-Therapy Duration;
CRP1-Before therapy; CRP2-After therapy

CRP Value before vs. after therapy
Bacterial Infection
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Figure 3. Graphical representation of CRP value in Group | before and after therapy

Table 3 refers to Group Il that included 20 total patients, of which 10 were male and 10 were female. The mean
age of the subjects was 43.25, while the youngest patient was 14 years old and the oldest was 71. The mean
value of CRP was 10.34, with a minimum value of 5.64. and the maximum value of 16.20. The standard
deviation for CRP in the second group of subjects was 3.03 (Table 3). Fig. 4 graphically represents CRP values
for Group I1.
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Table 3. Group Il - Patients with viral infections

VIRAL INFECTION
No Mean Min Max Median SD
Age 20.00 | 43.25 14.00 71.00 42.50 17.92
Male 10.00 | 45.80 18.00 69.00 44.00 18.72
Female 10.00 | 40.70 14.00 71.00 43.00 17.68
CRP 20.00 | 10.34 5.64 16.20 10.70 3.03

No-Number of patients; SD-Standard deviations

CRP Value - Patients with Viral Infection

CRP value (mg/L)

CRP - Viral Infection

Figure 4. Graphical representation of CRP value in Group Il

The third group (Table 4, Fig.5) consists of healthy, asymptomatic subjects (control group) which included 20
total patients, of which 10 were female and 10, male. The mean age of the subjects in the control group was
43.45, while the youngest was 14 years old and the oldest was 64. CRP Concentration mean value was 1.16,
with a minimum value of 0.08 and a maximum value of 3.82. The standard deviation for CRP in the third group
of subjects was 1.14.

According to the results of our research, it has been shown that the CRP value in healthy subjects or control
group is significantly lower compared to bacterial infection.

An early study from 2013 also has established that CRP mean values in healthy patients compared to patients
with bacterial infections were noted to be decreasing [24].

Table 4. Group Ill — Healthy patients

CONTROL GROUP

No Mean Min Max Median SD

Age 20.00 | 43.45 18.00 64.00 42.50 13.66

Male 10.00 | 42.10 18.00 58.00 44.00 11.33

Female | 10.00 | 44.80 18.00 64.00 41.00 16.17

CRP 20.00 1.16 0.08 3.82 0.85 1.14
No-Number of patients; SD-Standard deviation
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Figure 5. Graphical representation of CRP value in Group Il

In many previous studies, it has been firmly established that determining the serum concentration of C-reactive
protein (CRP) is a quick, simple, and inexpensive procedure for evaluating treatment progression [25] [26] [27].
Fig. 6 graphically represents the differences between mean values in all three groups.

The mean value of the CRP parameter tested was found to be highest in Group | — Patients with bacterial
infection (mean 73.63 mg/L). The mean of the CRP test parameter was also higher in subjects with Group Il —
Patients with a viral infection (mean 10.34 mg/L), while the mean value of the CRP test parameter was lowest
in Group 11 — Control Group with the concentration of 1.16 mg/L.

Research by Hansson, et al. [28] compared sera of erythrocyte sedimentation rate (ESR) and CRP in 607
patients, and concluded that both sera were comparably increased in patients that had upper respiratory tract
infections. They concluded that CRP patients were more elevated than ESR in infectious diseases (tonsillitis,
sinusitis, pneumonia, and cystitis). A similarity can be observed when comparing conducted analysis with
patients having a bacterial infection.

Also, research from 2018 [29] showed that there are differences in laboratory findings between patients with
chronic obstructive pulmonary disease (COPD), pneumonia and patients with exacerbations. In this study,
higher values of C-reactive protein (CRP), procalcitonin (PCT), TNF-a were found in pneumonia, as well as
interleukin (IL-6, IL-1, and IL-8) and lower values of the partial pressure of oxygen (PaO2), while in patients
with exacerbations higher values of the partial pressure of carbon dioxide (PaCO,) were found.

CRP Value - Bacterial, Viral and Control Group
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100,00

80,00

CRP value (mg/L)

60,00

40,00

20,00

B CRP - Bacterial Infection - Before Therapy
H CRP Value - Viral Infection
I CRP Value - Control Group

[r————

Figure 6. Graphical representation of CRP value in all three groups
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3.3. Kolmogorov-Smirnov and Shapiro-Wilk test for normality of distributions

To test the differences between used parameters, the normality of the distributions of the results obtained with
three parameters was checked. This was done by applying the Kolmogorov-Smirnov test and the Shapiro-Wilk
test. If statistical significance is presented, we conclude that the distribution of results is statistically significantly
different from the normal distribution, in which case the use of non-parametric statistics is applied. Table 5
represents the test of normality for three parameters. Figure 7 is a histogram for CRP value in the control group
— healthy patients. It shows that the value of CRP was not normally distributed because values of Skewness and
Kurtosis tests are not close to zero. Parameter values are presented on the abscissa, while frequency values are
presented on the ordinate.

Figure 8 depicts the histogram of CRP values in patients with viral infection. It shows that the value of CRP
was not normally distributed because values of Skewness and Kurtosis are not close to zero. Parameter values
are presented on the abscissa, while frequency values are presented on the ordinate.

Figure 9 shows the histogram of CRP value in patients with a bacterial infection. It shows that the value of CRP
was not normally distributed because values of Skewness and Kurtosis are not close to zero. Parameter values
are presented on the abscissa, while frequency values are presented on the ordinate.

Table 5. Test of normality

TEST OF NORMALITY
Kolmogorov-Smirnov? Shapiro-Wilk
Groups
Statistic df Sig. Statistic df Sig.
CRP 192 20 051 851 20 006
Control group
CRP
Bacterial Infection 219 20 013 .886 20 022
CRP «
Viral Infection 137 20 .200 963 20 .603
*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

CRPBacteriallnfection

Mean = 73.63
Std. Dev. = 49.08
N=20

Frequency

00 50.00 100.00 150.00 200.00

CRPBacteriallnfection

Figure 7. Histogram of CRP value in the Group I-Bacterial infection
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CRPViralinfection
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Figure 8. Histogram of CRP value in Group I1-Viral infection
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Figure 9. Histogram of CRP value in Group I11-Control group

3.4. Mann-Whitney U test for examining statistically significant differences between study groups

Mann-Whitney U test represented in Table 7 shows that there was a statistically significant difference in the
value of CRP values between the patients with bacterial infection and patients with viral infection (p<0.001)
with a mean rank of CRP value of 30.30 for the patient with bacterial infection and 10.70 for the patients with
the viral infection.

Research from 2013 [24] and a report from 2004 [25] are consistent with these findings and suggest that there
is a certain relationship between the level of infection and the concentration of serum CRP.

Ortquvist et al. [30] and, Almirall et al. [25] strongly supported these findings as well. In research from 1995, it
was shown that bacterial pneumonia in laboratory findings gives a high IL-6 (Interleukin-6), and also a higher
value of CRP marker. According to this research, the level of IL-6 and CRP markers represents a promising
diagnostic tool in the laboratory when used in differentiating and diagnosis of lung diseases. Furthermore, in
the research from 2004, researchers studied the usefulness of C-reactive protein as a marker in laboratory
diagnostics and concluded that CRP could be an additional support to physicians in diagnosing lung disease or
other bacterial infections [25].
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In a study by Meisner et al. [31] it has been shown that in the diagnosis of severe pneumonia, CRP values
greater than 50.0 mg/L show high sensitivity and low specificity, while CRP values greater than 100 mg/L show
a sensitivity of 86% and a specificity of 33%.

Table 6. Test of statistics for parameters in viral infection and bacterial infection

Group N Mean SD SD Error

Viral Infection 20 10.3405 3.03172 0.67791
CRP

Bacterial Infection 20 73.6330 49.07988 10.97460

N-Number of patients; SD-Standard deviation; SD Error-Standard deviation error mean

Table 7. Test of ranks in bacterial and viral infections

RANKS
Group N Mean Rank | Sum of Ranks
Viral Infection 20 10.70 214.00
CRP Bacterial Infection 20 30.30 606.00
Total 40

Table 8. Statistical test

Mann-Whitney U 4.000
Wilcoxon W 214.000
z -5.303
Asymp. Sig. (2-tailed) .000
Exact Sig. [2*(1-tailed Sig.)] .000°
a. Grouping Variable: Group

b. Not corrected for ties.

After examining the normality of the distribution of the three parameters measured in the subjects, it could be
concluded that there is no evidence to support the normal distribution of parameters.

Due to these results, correlations shown in Table 6 for the two parameters used (bacterial and viral infection)
were made. According to the previous tests, in Table 8 the parameter difference between the two groups of
subjects (CRP value in patients with bacterial and viral infection) with Mann-Whitney U tests was examined.

3.5. Spearman’s coefficient for correlation testing

To verify differences between CRP value of patients with bacterial infection and patients with a viral infection,
Spearman’s coefficient test was applied (Table 9). Results show low positive correlations between CRP value
of patients with a bacterial infection and viral infection. The correlation between those two parameters was not
statistically significant (r=0.060, p=0.801).

Baig et al. [24] included 162 patients with symptoms of bacterial infection and 30 healthy patients, prove that
patients with bacterial pneumonia had significantly higher CRP markers (76.50 £ 11.60 to 101.25 + 15.65 mg/L)
than in patients who had a viral infection (60.45 £+ 9.10 mg/L) or another pathogen in their body (65.15 + 12.25
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mg/L) that was the cause of the disease. This work has significantly contributed to researchers in discovering
how important a CRP marker is in diagnosing respiratory infections.

Research in 2013, conducted by J.P. Haran et al. in which 131 patients were included, and divided into three
groups comprising patients with influenza, patients with other viral infections, and patients with bacterial
infections significantly proved that the CRP marker can help in differentiating bacterial from viral infections.
This study showed that the CRP marker in the group of subjects with influenza was 25.65 mg/L, the height of
the CRP marker in patients with viral infections was 18.73 mg/L and for bacterial infection, it was significantly
higher value 135.96 mg/L. From above mentioned results we can conclude that values of the CRP marker were
similar with patients having viral infection and influenza, but also that CRP value in patients with bacterial
infection was significantly higher. This research proved once again that the CRP marker is very important in
the differentiation of the diseases in patients, especially when during the influenza season [17].

Table 9. Correlations

CRP - Bacterial CRP - Viral
Infection Infection
Correlation 1.000 .060
CRP - Bacterial |Coefficient
Infection Sig. (2-tailed) .801
Spearman's N 20 20
rho Correlation .060 1.000
CRP - Viral Coefficient
Infection Sig. (2-tailed) |.801 .
N 20 20

N=Number of patients

4, Conclusion

Biomarkers have an important and indispensable place in the laboratory diagnosis of many diseases, especially
infections. They help differentiate bacterial from viral or fungal infection and contribute to an objective
assessment of the severity of the disease, such as distinguishing sepsis from a milder local infection. Despite
great advances in laboratory diagnostics and modern devices, it is difficult to distinguish bacterial infection or
sepsis from possible other non-infectious causes of systemic inflammatory response syndrome (SIRS) based on
the clinical picture [8].

C-reactive protein (CRP) is an acute-phase reactant, a protein produced in the liver triggered by inflammatory
cytokines in a variety of clinical conditions, such as infection, inflammation, ischemia and injury. It owes its
name to the fact that it reacts with the C-polysaccharide of the cell wall of the bacterium Streptococcus
pneumonia [32]. Due to the simple determination of serum concentrations, the best clinical and epidemiological
correlation and the differentiation currently used to define infections, CRP is a special marker that allows the
discovery of new ways to prevent and treat many common diseases and reduce motility and mortality. That was
the reason for choosing it in this study.

According to the results of our research, it has been shown that the CRP value in healthy subjects or those with
viral infection is significantly lower compared to those with bacterial infections which is in the line with the
previous research conducted in this area [24], [28], [33].

In summary, our results suggest that CRP marker is a very effective and specific marker that could aid in
distinguishing bacterial from viral infection in patients. CRP marker potentially can be useful to reduce the
usage of unnecessary antibiotic therapies as well it can prevent misdiagnosis of bacterial infection when a viral
infection is present.

1228



PEN Vol. 8, No. 3, September 2020, pp.1217-1232

5. References

[1] V. Nizet, J. D. Esko, A. Varki, R. D. Cummings, J. D. Esko, H. H. Freeze, P. Stanley, C. R. Bertozzi, G.
W. Hart and M. E. Etzler, Bacterial and Viral Infections, NY: Cold Spring Harbor Laboratory Press,
2000.

[2] A. K. Shrive, G. M. Gheetham, D. Holden, D. A. Myles, W. G. Turnell, J. E. Volanakis, M. B. Pepys, A.
C. Bloomer and T. J. Greenhough, "Three dimensional structure of human C-reactive protein," Nature
Structural & Molecular Biology, vol. 3, no. 4, pp. 346-354, April 1996.

[3] R.J.Bisoendial, S. M. Boekholdt, M. Vergeer, E. S. Stroes and J. J. Kastelein, "C-reactive protein is a
mediator of cardiovascular disease,”" European Heart Journal, vol. 31, no. 17, p. 2087-2091, 1
September 2010.

[4] T.B. Ledue and N. Rifai, "Preanalytic and Analytic Sources of Variations in C-reactive Protein
Measurement: Implications for Cardiovascular Disease Risk Assessment,” Clinical Chemistry, vol. 49,
no. 8, pp. 1258-1271, 1 August 2003.

[5] B. Straus, "Chapter 9: Proteini," in Medicinska biokemija, Zagreb, Medicinska naklada, 1992, 1992, pp.
180-189.

[6] E. Andreeva and H. Melbye, "Usefulness of C-reactive protein testing in acute cough/respiratory tract
infection: an open cluster-randomized clinical trial with C-reactive protein testing in the intervention
group,”" BMC Family Practice, vol. 15, no. 1, 2 May 2014.

[7] T. Lothar and J. T. Whicher, Clinical Laboratory Diagnostics: Use and Assessment of Clinical
Laboratory Results, 4 ed., vol. 45, C. Chemistry, Ed., Frankfurt/Main: TH-Books Verlagsgeselschaft,
1998, pp. 700-706.

[8] E.J. Giamarellos-Bourboulis, P. Giannopoulou, P. Grecka, D. Voros, K. Mandragos and H.
Giamarellou, "Should procalcitonin be introduced in the diagnostic criteria for the systemic
inflammatory response syndrome and sepsis?," Journal of Critical Care, vol. 19, no. 3, pp. 152-157,
September 2004.

[9] K. N. Haque, "Defining common infections in children and neonates," Journal of Hospital Infection, vol.
65, pp. 110-114, June 2007.

[10] C. Costelloe, C. Metcalfe, A. Lovering, D. Mant and A. Hay, "Effect of antibiotic prescribing in primary
care on antimicrobial resistance in individual patients: systematic review and meta-analysis," BMJ, vol.
340, pp. c2096-c2096, 18 May 2010.

[11] M. Ceyhan, R. Dagan, A. Sayiner, L. Chernyshova, E. C. Dinleyici, W. Hryniewicz, A. Kulcsar, L.
Mad'arova, P. Pazdiora, S. Sidorenko, A. Streinu-Cercel, A. Tambi¢-AndraSevi¢ and L. Yeraliyeva,
"Surveillance of pneumococcal diseases in Central and Eastern Europe," Human Vaccines &
Immunotherapeutics, vol. 12, no. 8, pp. 2124-2134, 20 April 2016.

[12] K. Sasaki, I. Fujita, Y. Hamasaki and S. Miyazaki, "Differentiating between bacterial and viral infection
by measuring both C-reactive protein and 2'-5'-oligoadenylate synthetase as inflammatory markers,"
Journal of Infection and Chemotherapy, vol. 8, no. 1, pp. 76-80, 2002.

[13] J. Carter and V. Saunders, "Virology: Principles and Applications,” in Virology: Principles and
Applications, New Jersey, Chichester: John Wiley, 2007, pp. 1-7.

[14] D. C. Andrade, I. C. Borges, M. L. Bouzas, J. R. Oliveira, H. Kéyhty, O. Ruuskanen and C. Nascimento-
Carvalho, "Antibody responses against Streptococcus pneumoniae, Haemophilus influenzae and
Moraxella catarrhalis in children with acute respiratory infection with or without nasopharyngeal
bacterial carriage,” Infectious Diseases, vol. 50, no. 9, pp. 705-713, 24 April 2018.

1229



PEN Vol. 8, No. 3, September 2020, pp.1217-1232

[15] A. Babic-Erceg, T. Vilibic-Cavlek, M. Erceg, E. Mlinaric-Missoni and J. Begovac, "Prevalence of
Pneumocystis jirovecii Pneumonia (2010-2013): The first Croatian report,” Acta Microbiologica et
Immunologica Hungarica, vol. 61, no. 2, pp. 181-188, June 2014.

[16] S. Ljubin-Sternak, M. Santak, J. Cepin-Bogovi¢, A. Baée, G. Vojnovié, G. Mlinarié¢-Galinovié, D.
Forci¢, V. Drazenovi¢ and A. R. Falsey, "Detection of genetic lineages of human metapneumovirus in
Croatia during the winter season 2005/2006," Journal of Medical Virology, vol. 80, no. 7, pp. 1282-
1287, 2008.

[17] J. P. Haran, F. L. Beaudoin, S. Suner and S. Lu, "C-reactive protein as predictor of bacterial infection
among patients with an influenza-like illness," The American Journal of Emergency Medicine, vol. 31,
no. 1, pp. 137-144, 1 June 2013.

[18] J.-S. Jeon, I. Rheem and J. K. Kim, "C-Reactive Protein and Respiratory Viral Infection,” The Korean
Journal of Clinical Laboratory Science, vol. 49, no. 1, pp. 15-21, 2017.

[19] D. A. Tristram, W. Hicks and R. Hard, "Respiratory Syncytial Virus and Human Bronchial Epithelium,"
Archives of Otolaryngology—Head & Neck Surgery, vol. 124, no. 7, p. 777, 1998.

[20] L. A. Pittet, L. Hall-Stoodley, M. R. Rutkowski and A. G. Harmsen, "Influenza Virus Infection
Decreases Tracheal Mucociliary Velocity and Clearance ofStreptococcus pneumoniae," American
Journal of Respiratory Cell and Molecular Biology, vol. 42, no. 4, pp. 450-460, 2010.

[21] V. Avadhanula, Y. Wang, A. Portner and E. Adderson, "Nontypeable Haemophilus influenzae and
Streptococcus pneumoniae bind respiratory syncytial virus glycoprotein,”" Journal of Medical
Microbiology, vol. 56, no. 9, pp. 1133-1137, 2007.

[22] J. Wang, H. J. Kwon and Y. J. Jang, "Rhinovirus enhances various bacterial adhesions to nasal epithelial
cells simultaneously," The Laryngoscope, vol. 119, no. 7, pp. 1406-1411, 2009.

[23] H. Melbye, D. Hvidsten, A. Holm, S. A. Nordbg and J. Brox, "The course of C-reactive protein response
in untreated upper respiratory tract infection,” British Journal of General Practice, vol. 54, no. 506, p.
653-658, 2004.

[24] J. A. Baig, J. M. Alam, Z.-u. Islam, A. Hussain, S. S. Ashgar and S. R. Mahmood, "Diagnostic
significance and determination,” Khyber Med Univ J, vol. 5, no. 4, pp. 185-189, 2013.

[25] J. Almirall, 1. Bolibar, P. Toran, G. Pera, X. Boquet and X. Balanzo, "Contribution of C-Reactive Protein
to the Diagnosis and Assessment of Severity of Community-Acquired Pneumonia," Chest, vol. 125, no.
4, pp. 1335-1342, April 2004.

[26] V. van der Meer, A. K. Neven, P. J. van den Broek and W. J. J. Assendelft, "Diagnostic value of C
reactive protein in infections of the lower respiratory tract: systematic review," BMJ, vol. 331, no. 7507,
p. 26, 24 June 2005.

[27] A. H. W. Bruns, J. J. Oosterheert, E. Hak and A. I. M. Hoepelman, "Usefulness of consecutive C-
reactive protein measurements in follow-up of severe community-acquired pneumonia,” European
Respiratory Journal, vol. 32, no. 3, pp. 726-732, 1 September 2008.

[28] L.-O. Hansson, I. Carlsson, E. Hansson, B. Hovelius, P. Svensson and N. Tryding, "Measurement of C-
reactive protein and the erythrocyte sedimentation rate in general practice,”" Scandinavian Journal of
Primary Health Care, vol. 13, no. 1, pp. 39-45, January 1995.

[29] D.-S. Liu, X.-D. Han and X.-D. Liu, "Current Status of Community-Acquired Pneumonia in Patients
with Chronic Obstructive Pulmonary Disease," Chinese Medical Journal, vol. 131, no. 9, pp. 1086-1091,
May 2018.

[30] A. Ortqvist, J. Hedlund, B. Wretlind, A. Carlstrém and M. Kalin, "Diagnostic and Prognostic Value of
Interleukin-6 and C-reactive Protein in Community-acquired Pneumonia,” Scandinavian Journal of
Infectious Diseases, vol. 27, no. 5, pp. 457-462, 1995.

1230



PEN Vol. 8, No. 3, September 2020, pp.1217-1232

[31] M. Meisner, K. Tschaikowsky, T. Palmaers, J. Schmidt, G. Mangold and J. Schuttler, "Comparison of
procalcitonin (PCT) and CRP plasma concentrations at different apache 11 cores during the course of
sepsis and mods," Anesthesiology, vol. 87, 1997.

[32] T. W. Du Clos, "Function of C-reactive protein,” Annals of Medicine, vol. 32, no. 4, pp. 274-278,
January 2000.

[33] M. M. Higdon, T. Le, K. L. O’Brien, D. R. Murdoch, C. Prosperi, H. C. Baggett, W. A. Brooks, D. R.
Feikin, L. L. Hammitt, S. R. C. Howie, O. S. Levine, J. A. G. Scott, D. M. Thea, J. O. Awori, V. L.
Baillie, S. Cascio, S. Chuananon, A. N. DelLuca, A. J. Driscoll, B. E. Ebruke, H. P. Endtz, A. Kaewpan,
G. Kahn, S. A. Madhi, M. Deloria Knoll and S. L. Zeger, "Association of C-Reactive Protein With
Bacterial and Respiratory Syncytial Virus—Associated Pneumonia Among Children Aged <5 Years in
the PERCH Study," Clinical Infectious Diseases, vol. 64, no. suppl_3, pp. S378-S386, June 2017.

[34] T. M. Husain and D. H. Kim, "C-Reactive Protein and Erythrocyte Sedimentation Rate in Orthopaedics,
Chemistry, vol. 15, 2002.

[35] W. S. Tillett and T. Francis, "Serological Reactions In Pneumonia With A Non-Protein Somatic Fraction
Of Pneumococcus," The Journal of Experimental Medicine, vol. 52, no. 4, pp. 561-571, 01 October
1930.

[36] T. J. Abernethy and O. T. Avery, "The Occurrence During Acute Infections Of A Protein Not Normally
Present In The Blood," The Journal of Experimental Medicine, vol. 73, no. 2, pp. 173-182, 01 February
1941,

[37] K. Lehtomaki, "Rapid Etiological Diagnosis of Pneumonia in Young Men," Scandinavian Journal of
Infectious Diseases, vol. 20, no. sup54, pp. 1-329, March 1988.

[38] Y. Kerttula, M. Leinonen, M. Koskela and P. H. Makela, "The aetiology of pneumonia. Application of
bacterial serology and basic laboratory methods," Journal of Infection, vol. 14, no. 1, pp. 21-30, 1987.

[39] A. Ruiz-Gonzélez, L. Utrillo, S. Bielsa, M. Falguera and J. M. Porcel, "The Diagnostic Value of Serum
C-Reactive Protein for Identifying Pneumonia in Hospitalized Patients with Acute Respiratory
Symptoms," Journal of Biomarkers, 2016.

[40] P. L. McCarthy, A. L. Frank, R. C. Ablow, S. J. Masters and T. F. Dolan, "Value of the C-reactive
protein test in the differentiation of bacterial and viral pneumonia,” The Journal of Pediatrics, vol. 92,
no. 3, pp. 454-456, 1978.

[41] S. A. Flanders, J. Stein, G. Shochat, K. Sellers, M. Holland, J. Maselli, W. Drew, A. L. Reingold and R.
Gonzales, "Performance of a bedside c-reactive protein test in the diagnosis of community-acquired
pneumonia in adults with acute cough,” The American Journal of Medicine, vol. 116, no. 8, pp. 529-535,
April 2004.

[42] N. Kaplan, W. Dove, A. F. Abu-Zeid and H. E. Shamoon, "Evidence of human metapneumovirus
infection in Jordanian children," Saudi medical journal, vol. 27, no. 7, pp. 1081-3, August 2006.

[43] T. Lion, "Adenovirus Infections in Immunocompetent and Immunocompromised Patients,” Clinical
Microbiology Reviews, vol. 27, no. 3, pp. 441-462, 30 June 2014.

[44] D. L. Jaye and K. B. Waites, "Clinical applications of C-reactive protein in pediatrics,” The Pediatric
Infectious Disease Journal, vol. 16, no. 8, pp. 735-747, August 1997.

[45] W. L. Roberts, L. Moulton, T. C. Law, G. Farrow, M. Cooper-Anderson, J. Savory and N. Rifai,
"Evaluation of Nine Automated High-Sensitivity C-Reactive Protein Methods: Implications for Clinical
and Epidemiological Applications. Part 2," Clinical Chemistry, vol. 47, no. 3, pp. 418-425, 1 March
2011.

[46] A. L. Hsiao and M. D. Baker, "Fever in the new millennium: a review of recent studies of markers of
serious bacterial infection in febrile children,” Current Opinion in Pediatrics, vol. 17, no. 1, pp. 56-61,
February 2005.

1231



PEN Vol. 8, No. 3, September 2020, pp.1217-1232

[47] H. Goossens, M. Ferech, R. Vander Stichele and M. Elseviers, "Outpatient antibiotic use in Europe and
association with resistance: a cross-national database study," The Lancet, vol. 365, no. 9459, pp. 579-
587, February 2005.

[48] S. Lindbéck, U. Hellgren, I. Julander and L.-O. Hansson, "The Value of C-reactive Protein as a Marker
of Bacterial Infection in Patients with Septicaemia/Endocarditis and Influenza,” Scandinavian Journal of
Infectious Diseases, vol. 21, no. 5, pp. 543-549, January 1989.

[49] J. K. Todd, "Childhood Infections," American Journal of Diseases of Children, vol. 127, no. 6, 1 June
1974,

[50] N. H. Rasmussen and L. N. Rasmussen, "PREDICTIVE VALUE OF WHITE BLOOD CELL COUNT
AND DIFFERENTIAL CELL COUNT TO BACTERIAL INFECTIONS IN CHILDREN," Acta
Paediatrica, vol. 71, no. 5, pp. 775-778, 1982.

[51] J. H. Lee, J. Kim, K. Kim, Y. H. Jo, J. Rhee, T. Y. Kim, S. H. Na and S. S. Hwang, "Albumin and C-
reactive protein have prognostic significance in patients with community-acquired pneumonia," Journal
of Critical Care, vol. 26, no. 3, pp. 287-294, 2011.

[52] U. Thiem, D. Niklaus, B. Sehlhoff, H. J. Heppner, H. G. Endres and L. Pientka, "C-reactive protein,
severity of pneumonia and mortality in elderly, hospitalised patients with community-acquired
pneumonia,” Age and Ageing, vol. 38, no. 6, pp. 693-697, 3 September 2009.

[53] J. Macfarlane, W. Holmes, R. Macfarlane and N. Britten, "Prospective study of the incidence, aetiology
and outcome of adult lower respiratory tract illness in the community,” Thorax, vol. 56, no. 2, pp. 109-
114, February 2001.

[54] N. Erten, S. Genc, K. Besisiki, B. Sakai, M. Karan and C. Tascioglu, "The predictive and diagnostic
values of procalcitonin and C-reactive protein for clinical outcome in febrile neutropenic patients," J
Chin Med Assoc, vol. 67, no. 5, pp. 217-221, 2004,

1232



