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Infective factors and PCT/CRP levels in 112
emergency cases of respiratory tract infection

Abstract

Objectives: To analyze the correlation between (1) the clinical features of respiratory
tract infection (RTI) and a poor prognosis in emergency cases and common pathogenic
microorganisms and procalcitonin/C-reactive protein (PCT/CRP) in emergency RTIs.

Methods: A total of 112 patients were enrolled. The clinical characteristics of RTIs
were correlated with common microbes. Patients were grouped based in whether they
survived (good prognosis) or died (poor prognosis).

Results: (1) Patients with RTIs were mainly elderly, and the poor prognosis group
was on average ~10 years older than the good prognosis group (P=0.0073). (2) No
difference in the type of infectious pathogens and mixed infections between the poor
prognosis group and the good prognosis group. (3) No significant difference in PCT
and CRP between the two groups and the findings suggested that an abnormally high
PCT indicates poor outcomes in patients with emergency RTIs.

Conclusion: (1) Acute RTIs in patients with acute onset and severe illness is generally
due to poor immunity. Therefore, in the course of routine anti-bacterial and viral
treatment, the basic disease and age of the patient should be taken into consideration.
(2) The levels of PCT and CRP may provide guidance for under-diagnosis of viral
infections.
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Background

Respiratory tract infections (RTIs) are inflammatory diseases
caused by pathogenic microorganisms.! In the early stage of
infection, the pathogenic factors are usually viruses, and bacterial
infections often occur secondary to viral infection.>* Respiratory viral
infections continue to attack human populations, as in the severe acute
respiratory syndrome (SARS) epidemic in Hong Kong in 1997 and the
HIN1 flu pandemic in 2009.* Similarly, bacterial infections are also
a cause of community-acquired respiratory infections. For bacterial
infections, we have more antibiotics to choose from, but effective
antiviral drugs for respiratory virus infections are not available.” The
onset of emergency RTI is generally urgent, the condition is serious,
and the prognosis is poor. The main manifestation is pneumonia, and
community-acquired pneumonia is the main form.® In recent years,
most studies on pneumonia in China and elsewhere have mainly
focused on the genetic level to find the cause of the disease; while there
have been few epidemiological investigation and little research on the
prevention and guidance for treatment.”® Sputum cultures and drug
sensitivity tests are important in the treatment of bacterial pneumonia,
but little is known about the correlation between the prognosis for
infection by common microorganisms. Viral pneumonia is acute
and has a high mortality rate. Clinically, there is no corresponding

method of pathogen detection, and treatment cannot be targeted. The
pathogenic factors of early RTI are usually viruses. When immunity
is low, respiratory viruses can invade the body through the respiratory
tract mucosa and cause respiratory tract and systemic inflammatory
responses.’ In this study, a total of 112 patients with emergency RTIs
at Weifang People’s Hospital from June, 2013 to June, 2017 were
analyzed for correlations between common microorganisms and
procalcitonin (PCT/CRP), clinical characteristics, and prognosis, so
as to guide treatment and prevent community-acquired pneumonia.

Materials and methods

Instruments and reagents

The ATB-Expression semi-automatic bacterial identification and
mini Vital automatic fluorescence blood culture instruments were
from the Bio Merieu, French; the BSC-150011A2-X biological safety
cabinet was from Jinan Xin Beixi Biotechnology Co., Ltd, Jinan,
China; the blood cell analyzer and the CA1500 automatic hematology
analyzer were from Sysmex Co., Ltd, Kobe, Japan; the COBAS8000
automatic biochemical analyzer was from Roche Diagnostics Co.,
Mannheim, Germany; the Pylon automatic immunoassay system was
from Xing Tong Medical Technology Co., Ltd, Suzhou, China; the
Nephstar Plus specific protein analyzer was from Shenzhen Guo Sai
Biotechnology Co., Ltd, Shenzhen, China; the Vital automatic hem
dialysis analyzer was from Shanghai Zhi Heng Medical Devices Co.,
Ltd, Shanghai, China; the Auction Max 403 automatic urine analyzer
was from Ai Kelai Medical Electronics Co., Ltd, Shanghai, China; the
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hydro extractor was from Beijing Bai Yang Medical Co., Ltd, Beijing,
China. The Gram-positive and Gram-negative bacteria identification
cards were from Mei Liai Diagnostics Products Co., Ltd, Shanghai,
China); Luo Qin medium was from Shanghai Fan Ke Biotechnology
Co., Ltd, Shanghai, China; white blood cell classification hemolysis
(Stromatolyser-4DL), white blood cell classification dye solution
(Stromatolyser-4DS), dilution (Cell Pack), and sheath fluid (Cell
Sheath) were from Sysmex Co., Ltd.; the ALB kit was from Shandong
Gaomi Caihong Analysis Instrument Co., Ltd, China; hypersensitive
whole blood CRP test reagents were from Shenzhen Guo Sai
Biotechnology Co., Ltd, Shenzhen, China; the calcitonin original
quantitative detection kit was from Xing Tong Medical Technology
Co., Ltd.; Aution Max 4030 test strips were from Ai Kelai To Medical
Electronics Co., Ltd, Shanghai, China.

Research participants and groups

From June, 2013 to June 2017, 112 patients from the Emergency
Medicine Department of Weifang People’s Hospital of Shandong
Province diagnosed with pulmonary infection were selected as
the research participants. The patients of all subjects gave written
informed consent to the study protocol, which was approved by the
Ethics Committee of Weifang People’s Hospital (reference number,
wiph2013012). According to survival at discharge, the patients
were divided into a good prognosis group, who survived, and a poor
prognosis group, who died. The pathogenic microorganisms in the
groups were compared and analyzed. The average age was 67.96+16.07
years (5 were <40 years old, and 81 were >60 years old (Figure 1). In
terms of medical history, 47.35% patients had hypertension, 24.18%
had diabetes, 25.19% had coronary heart disease, 23.17% had chronic
obstructive pulmonary disease, 14.10% had cerebrovascular disease,
and 1.1% had lung cancer. There were 48 smokers in the study
group (42.86%), (Figure 2). The diagnoses at admission were type 1
respiratory failure (1 case, 0.89%), hypostatic pneumonia (1, 0.89%),
bronchiectasia (2, 1.79%), interstitial pneumonia (2, 1.79%), fungal
pneumonia (2, 1.79%), severe pneumonia (7, 6.25%), pulmonary
infection (17, 15.18%), acute onset of chronic obstructive pulmonary
disease (19, 16.96%), and bacterial pneumonia (57, 50.89%). Only 4
cases (3.57%) were diagnosed with viral pneumonia (Figure 3).
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Figure | Age distribution of patients.

Statistical methods

SPSS16.0 statistical software (SPSS, Inc., Chicago, Illinois) was
used to analyze data. Data are expressed as mean+standard deviation.
The two groups were compared using the independent sample t test
or the Mann-Whitney test. A difference at P <0.05 was considered
statistically significant.
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Figure 2 History of patients with emergency respiratory tract infection.
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Figure 3 Diagnoses of emergency respiratory tract infection.

Results

Pathogenic bacteria cultures of sputum from
emergency patients with severe respiratory infection

In this study, a total of 16 species of bacteria were detected in
the sputum cultures of patients with severe RTIs, and mixed bacterial
infections were commonly found. Among these, the most common
bacteria were Streptococcus mitis and Neisseria sicca, which
usually occurred together. In addition, more than half of the cultures
showed N. sicca, Klebsiella pneumoniae, Acinetobacter baumannii,
Candida albicans, Staphylococcus aureus, and Serratia marcescens.
S. marcescens can become pathogenic when host immunity is
dysfunctional, causing lung infection, meningitis, sepsis, or other
systemic infections. The specific spectrum of pathogenic bacteria in
sputum cultures is shown in (Figure 4).
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Figure 4 Pathogenic microorganism spectrum in sputum cultures from
emergency patients with severe respiratory infection.

Citation: DuY, Xue F, Zhang M, et al. Infective factors and PCT/CRP levels in | |2 emergency cases of respiratory tract infection. Int | Mol Biol Open Access.

2018;3(1): 36-40. DOI: 10.15406/ijbmoa.2018.03.00047


http://dx.doi.org/10.15406/ijbmoa.2018.03.00047

Infective factors and PCT/CRP levels in | |2 emergency cases of respiratory tract infection

Single pathogen

16% Two pathogens

—
49% T LTIV BB

Three pathogens
=Four pathogens

Il Culture negative

Figure 5 Proportions of multiple infections in sputum cultures from
emergency patients with severe respiratory infection.

Combined infection with pathogenic bacteria
from sputum of emergency patients with severe
respiratory infection

Combined bacterial infections in patients with severe RTIs are
common, so we used sputum to identify multiple infections of the
lungs. Our results showed that the infection rate for a single species
was 27%, for two, 49%, for three, 16%, and for four, 5%. Among
these, the highest proportion was of two pathogenic bacteria, most
commonly viridians streptococci combined with N. sicca. A possible
reason is the prevalence of low immunity in elderly patients with
acute RTIs (Figure 5).

Analysis of factors associated with a poor prognosis
in patients with severe respiratory tract infection

Emergency treatment of severe respiratory tract
infection in patients with a poor prognosis

Ofthe 112 patients enrolled, 35 (46.1%) died. Comparative analysis
showed that the age of the good prognosis group was 65.79+1.78
years, while that of the poor prognosis group was 75.48+2.27 years (P
=0.0073). Thus, the older the patient with emergency RTI, the higher
the fatality rate (Table 1).

Table | Acute respiratory tract infection in patients with different prognosis

Index Good prognosis Poor . P
prognosis

Age (y) 65.79 +1.782 75.48 +2.275 0.0073

Sex (F/M) 26/62 14-Oct >0.05

Routine blood and biochemical indexes in emergency
treatment of severe respiratory tract infection

The number of neutrophils in the good prognosis group was
significantly lower than that in the poor prognosis group, suggesting
a more serious bacterial infection causing an increase of neutrophils
in the latter group. Blood biochemical analysis of lactic acid, aspirate
aminotransferase, alanine aminotransferase, gamma-glutamyl
transferase, creatinine, blood urea nitrogen (BUN), and lactate
dehydrogenate showed no significant differences between the two
groups, except for BUN (Table 2) (Table 3). BUN is the major end-
product of protein metabolism, and when the glomerular filtration rate
is less than half of normal, the BUN rises rapidly. Since the BUN
in the poor prognosis group was higher than that in the improved
group, it was presumed to be related to a higher incidence of renal
dysfunction in that group.
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Levels of procalcitonin (PCT) and C-reactive
protein (CRP) at admission of patients with severe
respiratory tract infection

The average PCT in the good prognosis group was 1.682+0.25
mg/ml, and in the poor prognosis group 1.750+0.19 mg/ml, showing
no significant difference. In the CRP test, the value for the good
prognosis group was 62.40+16.84 mg/l/h and in the poor prognosis
group 20.02+10.51 mg/1/h, also showing no significant difference.

Table 2 Routine blood indexes in patients with severe respiratory tract

infection
Index Improved Group Dead Group value
Blood gas 7.445 +0.008862 741 £0.02201  0.09
analysis
White blood 10.15 +0.6532 1249 £1.720  >0.05
cells
Neutrophils 8.262 +0.5432 11.05 £1.702 0.0422
Platelets 200.9 +13.05 224.3 +29.40 >0.05
Table 3 Biochemical indexes in severe respiratory tract infection
Index gnproved Dead Group P value
roup
Lactic acid 1.378 £0.1340  1.888 +0.3734  >0.05
Aspartate 677242109 22771835  >005
aminotransferase
Alanine 1005 £4837 1799 £1465  >0.05
aminotransferase
y-glutamyl transferase 69.99 £9.521 6891 +15.29 >0.05
Blood urea nitrogen 9.858 +0.8154  13.68 +2.058  0.044
Creatine 1155 £11.95 117.3 £17.03 >0.05
Lactate dehydrogenase  319.8 +23.88 517.6 £210.7 >0.05

Changes of PCT and CRP indexes in patients with
severe respiratory tract infection

While the PCT and CRP values did not differ between the two
groups of patients at admission, those in the good prognosis group
returned to the normal level. However, in one poor prognosis case,
the patient had a PCT >100 mg/ml, while another whose PCT was
35.28 mg/ml at admission, it rose to >100 mg/ml 5 days later, when
the patient died. The patients in the good prognosis group did not
have >20 mg/ml PCT in the course of treatment. Therefore, this
study is consistent with reports that PCT and CRP can be used as
an indicator of bacterial infection; in addition, our results suggest an
abnormal increase of PCT in patients with RTIs strongly suggests a
poor prognosis.

Correlation between poor prognosis and medical
history and smoking in emergency intensive
respiratory tract infections

A poor prognosis is often related to underlying diseases, and
the severity of RTIs is associated with past hypertension, diabetes,
and other diseases. Smoking is particularly associated with RTIs. In
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this regard, we analyzed all the underlying diseases in 112 patients.
Found 82 cases improved in the group of patients with hypertension
in 35 cases, and 25 cases died in the group of patients, 17 patients
with smoking, P=0.0389, statistically, similarly, the complications
associated with cerebral infarction case were higher, P=0.044. An
analysis of the history of diabetes, smoking, and chronic obstructive
pulmonary disease showed no significant difference between the
two groups (Table 4). Based on the above, smoking point to a poor
prognosis of severe RTIs in the emergency department.

Table 4 Respiratory tract infections and basic diseases/smoking

R . Good Poor
Basic diseases/smoking . .
prognosis prognosis

Hypertension (yes/no) 35/47 17/8 0.0389
Diabetes (yes/no) 15/73 8/17 >0.05
Smoking (yes/no) 37/51 14/14 >0.05
Cerebral infarction (yes/no)  20/68 11714 0.044
Chronic obstructive 15/73 8/17 >0.05

pulmonary disease (yes/no)

Prognosis of severe respiratory tract infection in
emergency department and its correlation with
infectious pathogens

The proportions of multiple infections in the good and poor
prognosis groups was higher than that in the single-infection group,
and there was no significant difference between the two groups.
This shows that the deaths were not due to the variety of pathogenic
bacteria or species. Presumably, they are associated with a patient’s
autoimmune status, i.e., immunocompromised patients among those
critically ill with severe TRIs.

Discussion

The incidence of pneumonia has been increasing year by year.!® At
the same time, the overuse of antibiotics has led to the emergence of
multidrug-resistant bacteria, which are responsible for the increase in
the number of elderly patients affected.!" Surveillance is an important
way to detect infectious diseases, the most important aspect of which
is to conduct laboratory tests on pneumonia cases, identify pathogens,
and provide references for treatment, prevention, and control.'>!*
Therefore, rapid, accurate, and comprehensive laboratory testing
methods are the future trend. Patients in the emergency intensive care
unit with serious RTIs had lowered immunity.'> Analysis of patients
with a good versus a bad outcome showed that the latter was ~10
years older than the former, while there was no difference in the type
of infection-causing bacteria between the two groups. CRP has been
used to evaluate the severity of bacterial infection and prognosis in
clinical and research work.!® The sensitivity of CRP is very high,
only found in trace amounts in normal human serum, but beginning
to rise within a few hours of pulmonary infection."” PCT, one of the
precursors of calcitonin, is a more sensitive and specific marker of
bacterial infection than CRP."'’It is believed that the serum PCT in
bacterial RTI is significantly higher than that due to other pathogenic
microorganisms. Many of the clinical guidelines for bacterial
infection include PCT as an important indicator of diagnosis. Most
studied is the use of PCT in community-acquired and ventilator-
associated pneumonia.?’ Studies have shown that PCT can be used for
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the differential diagnosis of bacterial from non-bacterial infection,'®*!
and can guide the clinical use of antibiotics.?> Conversely, in viral and
parasitic infections or autoimmune diseases and other non-infectious
diseases, serum PCT levels are not elevated or only increase slightly.
Therefore, the serum levels of PCT are used to determine whether the
initial infection is bacterial or non-bacterial.

In this study, the serum PCT/CRP in 112 emergency cases of
RTI showed no significant differences between the two groups at
admission, but both decreased significantly in the poor prognosis
group, while they almost returned to the normal levels in the good
prognosis group. For example, one patient had a of PCT 35.28 mg/ml
atadmission, but 5 days later, the PCT was >100 mg/ml, and the patient
died that day. During the course of treatment, patients in the good
prognosis group had PCT values not more than 20 mg/ml. Therefore,
an elevated PCT in patients with an emergency RTI strongly suggests
a poor prognosis. Viral infection is an important cause of RTIs,
mainly in hospitalized infants and children in developed countries,
but it is a major cause of death in the developing world.>* However,
among the 112 cases in our study, only 4 were diagnosed with viral
pneumonia, probably because of a general assumption of bacterial
pneumonia. Many previous studies have seriously underestimated
the incidence of pneumonia caused by viral infections, especially
by new respiratory viruses, which can cause severe pneumonia
with a high fatality rate** 2. Taking the 2003 SARS outbreak as an
example, the Asian Development Bank estimated that this epidemic
cost Hong Kong ~$6 billion. Early detection of outbreaks is the key
to preventing the spread of pneumonia, and pathogen monitoring is
the primary means of identifying new outbreaks of infectious disease
virus, such as the 2013 H7N9 avian influenza virus infection.?”’
However, the widespread lack of diagnostic techniques for respiratory
virus’s leads to a low diagnostic rate, accompanied by inadequate
awareness among clinicians. Nevertheless, with the development
of molecular detection technology, the diagnostic rate of viral
pneumonia has been increasing steadily, especially considering
the outbreaks of new influenza viruses, such as HIN1, the SARS
coronavirus, the Middle East respiratory syndrome coronavirus, and
the highly pathogenic avian influenza viruses HSN1 and H7N9.%-%
Research has shown that in both developed and developing countries,
influenza virus, par influenza virus, rhinovirus, respiratory syncytial
virus, cytomegalovirus, and bocavirus are still the main causes
of pneumonia.’*3* Therefore, accurate and rapid identification of
pathogens is critical for effective antiviral treatment and for infection
control. However, a range of respiratory viruses can trigger similar
clinical symptoms, making diagnosis difficult. Thus, not only is rapid
diagnostic technology needed in hospitals at all levels, but the ability
of clinicians to identify viral pneumonia needs improvement.

In summary, we investigated clinical features of patients with
emergency RTIs and the correlation between infection and poor
prognosis, especially in elderly patients. Although PCT and CRP
monitoring is necessary to determine the type of pathogenic
microorganism and provide a basis for the severity and prognosis, in
112 cases of emergency patients with RTIs in this study, only 4 were
diagnosed as viral pneumonia, probably because viral pneumonia
mostly occurred along with bacterial infection and was often judged
to be bacterial pneumonia, due to an inadequate understanding of viral
pneumonia. Therefore, multiple pathogen detection technology and
rapid screening can significantly improve the clinical treatment, avoid
the overuse of antibiotics, and detect common and new outbreaks of
TRIs early.
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Conclusion

Acute RTIs in patients with acute onset and severe illness is

generally due to poor immunity. Therefore, in the course of routine
anti-bacterial and viral treatment, the basic disease and age of the
patient should be taken into consideration. The levels of PCT and CRP
may provide guidance for under-diagnosis of viral infections.
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