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Objective. To study the clinical values and implications for the prognosis of procalcitonin (PCT) combined with C-reactive protein
(hs-CRP) in patients with bacterial bloodstream infection. Methods. One hundred and twenty patients with infection hospitalized
from Mar. 2020 to Jun. 2021 were chosen as subjects. All participants were tested for serum PCT, hs-CRP, and blood culture.
According to the types of pathogenic bacteria, they were divided into the gram-negative bacteria bloodstream infection group
(n=53) and the gram-positive bacteria bloodstream infection group (n=31). Depending on the prognostic outcome of the
participants after 28 days, they were categorized into survival and fatality cohorts. The PCT and hs-CRP levels were compared
to explore diagnostic value implications for the prognosis of the cases with bacterial bloodstream infection. Results. Serum PCT
and hs-CRP values in the positive cohort were higher than those in the negative cohort. The levels of serum PCT and hs-CRP
in pulmonary infection were higher than those in the group with negative cases, and the difference was statistically significant
(P <0.05). There were 27 gram-positive participants and 9 gram-negative cases in the positive cohort. The serum PCT value of
gram-negative bacterial infection was greater than that of gram-positive bacterial infection. The value of serum PCT in the
gram-negative bacterial infection group was higher than that in the gram-positive bacterial infection group, and the difference
was statistically significant (P < 0.05). The areas under the curve (AUCs) of PCT, combination of hs-CRP and PCT, and hs-
CRP were 0.946, 0.783, and 0.991, respectively. The combined examination of PCT and hs-CRP was the largest, PCT was the
second, and hs-CRP was the lowest. These results indicated that the accuracy of combined detection of PCT and hs-CRP in
the diagnostic bloodstream infection was the highest (0.991), followed by PCT (0.946) and the lowest (0.783). The PCT and
hs-CRP levels of the survival cohort were lower than those in the death cohort. AUCs of PCT, hs-CRP and PCT, and hs-CRP
were 0.848, 0.826, and 0.934, respectively. The combined examination of PCT and hs-CRP was the largest, followed by PCT
and hs-CRP. The accuracy of the combination of PCT and hs-CRP was the highest (0.934), followed by PCT (0.848), and the
diagnostic accuracy of hs-CRP was the lowest (0.826). Conclusion. There were significant differences in the levels of PCT and
CRP between the gram-positive bacteria group and the gram-positive bacteria group. PCT and CRP have high diagnostic
values in predicting the short-term prognosis of patients. PCT and CRP assist clinical diagnosis and guide treatment and play
a positive role in early treatment and prognosis evaluation of patients.

1. Introduction [2-5]. In 2002, the number of deaths caused by bloodstream

infections in the United States exceeded 30000, and the inci-
Bloodstream infection is one of the severe infectious diseases dence of bloodstream infections continues to increase [6].
in clinic, which seriously threatens the life and health of = Between 2000 and 2010, the mortality rate of septicemia
patients [1]. Bloodstream infection is one of the main factors ~ increased by 17% [7]. Recent reports have suggested that
leading to an increase in morbidity and mortality worldwide  septicemia mortality ranges from 34% to 52% [8]. In 2009,
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TaBLE 1: Comparison of PCT and hs-CRP levels between the two
groups.

Grouping N PCT (ng/ml) hs-CRP (mg/l)
Blood culture negative group 84 0.48+0.43  24.72+5.36
Blood culture positive group 36 4.93+0.87  35.38 +10.54
t 37.516 7.340

p <0.05 <0.05

the data from a US study showed that one in 23 hospitalized
patients in the United States was affected by bloodstream
infection, accounting for 4.2%. In the ranking of hospitaliza-
tion factors, bloodstream infection ranked sixth.

The incidence of BSI has been increasing year by year.
Given the high mortality rate of BSI, the length of stay in
hospital is longer and the cost of hospitalization is more
expensive, to the extent that patients’ lives are seriously
threatened. Various invasive diagnostic and testing tech-
niques, like trauma and scald, can disrupt the integrity of
the body’s barrier function, cause a decrease in immune
function, and increase the risk of bloodstream infection. In
addition, diverse factors, such as prolonged coma, malnutri-
tion, and advanced age, can also increase the prevalence of
bloodstream infections. It therefore becomes important
and urgent to identify early, rapidly, and accurately the path-
ogens causing BSI and then to select the appropriate antibi-
otic treatment.

With the rapid development of biomedical engineering
technology, blood culture technology is widely used in clinic
and is regarded as the “gold standard” for the diagnosis of
BSI. However, this technique still has some limitations, such
as the relatively long cycle of detection of pathogenic micro-
organisms (usually 24-48 hours), which often leads to the
loss of the best opportunity for diagnosis and treatment of
BSI patients. Therefore, it is of great clinical significance to
find reliable and sensitive biomarkers for early diagnosis of
BSL

At present, the main biomarkers that can be used to
diagnose BSI are blood routine test (BRE), procalcitonin
(PCT), and C-reactive protein (CRP) [8, 9]. Among them,
BRE mainly calculates the changed number of blood cells
and related parameters, comprehensively analyzes the mor-
phological distribution of blood cells, and judges the blood
condition of the body, so as to screen diseases. PCT is the
precursor protein of serum calcitonin, which can hardly be
detected under normal conditions. The concentration of
PCT increases significantly when patients suffer from patho-
genic microbial infections (such as bacterial, fungal, and par-
asite infections) and sepsis, and when there are some
autoimmune reactions and viruses, serum PCT levels do
not suddenly increase rapidly. When a local bacterial infec-
tion, fungal infection, viral infection, or other chronic
inflammation occurs in a certain part of the body, it will
not cause an increase in the level of PCT [10-12]. CRP is a
nonspecific inflammatory protein synthesized through the
liver, and its expression is significantly increased when
patients are invaded by bacteria or tissue damage. Previous
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studies have focused on exploring the expression of PCT
and CRP between gram-negative bacteria and gram-
positive bacteria, but there are few reports on the diagnosis
and prognosis of bloodstream infections by PCT and CRP.
Therefore, this study analyzed the clinical data of 120
patients to study the diagnostic value of procalcitonin
(PCT) combined with high-sensitivity C-reactive protein
(hs-CRP) in the diagnosis of bacterial bloodstream infection
and its prognostic significance.

2. Materials and Methods

2.1. General Information. One hundred and twenty patients
with infection hospitalized from March 2020 to June 2021
were selected as the objects of study. All patients were tested
for serum PCT and hs-CRP and blood culture. Among the
120 patients with infection, there were 62 males and 58
females with ages from 19 to 85 years (mean 45.83 +4.23).
Our clinic’s Professional Conduct Association gave their
approval towards this experiment. Every participant pro-
vided written informed consent.

2.1.1. Selection Criterion. (1) There was no limitation to the
sex of the patient, and the initial disease was caused by pul-
monary infection, urinary tract infection, suppurative men-
ingitis, bacillary dysentery, and other infections. Blood
culture samples and serum samples were sent for examina-
tion at the same time; (2) without cognitive, language, and
intellectual impairment and with basic reading and writing
ability; (3) the diagnostic criteria of bloodstream infection
met the following requirements: fever, chills, and other
symptoms; hematological tests find antigenic substances of
pathogens; and/or when pathogenic bacteria or fungi were
isolated by blood culture, any of the following requirements
can be met: (a) the strains of pathogenic bacteria isolated
from many times of blood culture are the same, and the
results of the drug sensitivity test are the same; (b) the strains
of pathogenic bacteria isolated from other infected sites are
the same as those of blood culture, and the results of drug
sensitivity test are the same; and (c) it was effective to use
sensitive antimicrobial agents for the isolated pathogenic
bacteria. (4) The clinical data are complete, (5) there was
no history of surgery or trauma within 3 months, and (6)
there were no autoimmune diseases and hematological
diseases.

2.1.2. Exclusion Criteria. The exclusion criteria are (1)
patients with severe heart, liver, and renal insufficiency and
malignant tumors, (2) patients who had been treated with
corticosteroids for a long time, (3) patients with hematolog-
ical diseases, (4) patients who had a history of taking antibi-
otics and hormones within 3 months before entering the
group, and (5) patients with a history of organ transplanta-
tion and immunosuppressant use.

2.2. Methods. The levels of serum PCT and hs-CRP were
detected in all patients, and blood culture was performed.
The sensitivity, specificity, and diagnostic accuracy of three
kinds of detection of bloodstream infection were compared
to determine their value in early clinical diagnosis and
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TaBLE 2: Comparison of the serum PCT and hs-CRP values between the two groups (X + s).

Grouping N PCT (ng/ml) hs-CRP (mg/1)
Pulmonary infection in patients with negative blood culture 53 0.53+0.47 24.56 £5.55
Pulmonary infection in patients with positive blood culture 31 5.09+0.93 35.48 + 10.66
t 29.848 6.178

p <0.05 <0.05

TaBLE 3: The serum PCT and hs-CRP values in patients with
bloodstream infection caused by gram-positive bacteria and
gram-negative bacteria (x * s).

Grouping N PCT (ng/ml)  hs-CRP (mg/l)
Gram-positive bacteria 27 1.67 £0.46 37.29+£9.48
Gram-negative bacteria 9 6.54+1.26 34.98 +11.67
t 17.292 0.598

P <0.05 >0.05

TaBLE 4: The bacterial species and serum PCT and hs-CRP values
between gram-positive bacteria and gram-negative bacteria (x + s).

Grouping N PCT (ng/ml) hs-CRP (mg/l)
Gram-positive bacteria 27

Staphylococcus epidermidis 14  1.61+£0.42 37.51+9.23
Staphylococcus aureus 9 1.68+0.44 37.83£9.45
Streptococci 2 1.68 £0.03 39.45+4.12
Enterococci 2 1.65+0.02 36.69 + 3.87
Gram-negative bacteria 9

Klebsiella pneumoniae 4 635+1.62  34.28+11.95
Acinetobacter baumannii 3 615x1.72 35.05+11.59
Pseudomonas aeruginosa 2 6.61+1.03 34.88 £3.41

prognosis evaluation of bloodstream infection. The PCT
determination kit (electrochemiluminescence) is from Roche
Diagnostic products (Shanghai) Co., Ltd., using the Roche
automatic electrochemiluminescence immunoassay system.
The hs-CRP determination kit (scatter turbidimetry) comes
from Shenzhen Pumen Technology Co., Ltd., using the
PA-990P specific protein analyzer. The blood culture instru-
ment comes from BacT/ALERT3D automatic Mycobacte-
rium culture and identification system (Merieux). For the
identification and drug sensitivity of gram-positive bacteria,
VITEKGP was used, with drug sensitivity VITEKAST-GP67.
For the identification and drug sensitivity of gram-negative
bacteria, VITEKGN was used, with drug sensitivity VITE-
KAST-GNO9.

2.2.1. Observation Index. On the day of admission and 28
days after the patient’s admission, the cubital venous blood
was drawn in the early morning on an empty stomach and
centrifuged at 3000 r/min for 15min. The upper serum was
separated for testing. The PCT value was detected by the
chemiluminescence method, and the kit was purchased from

Zhengzhou Antu Bioengineering Co., Ltd. The hs-CRP level
was detected by immunoturbidimetry, and the kit was pur-
chased from Shenzhen Pumen Technology Co., Ltd. Ana-
lyzer Roche 411.

2.3. Statistical Analysis. The SPSS22.0 statistical program
was used for data analysis. The chi-squared test (y* test)
was applied to compare the counting data. The measured
data were expressed by x + s, the t-test was used, and analysis
of variance was used to compare multiple-group data. The
difference was statistically significant, and the difference
was statistically significant (P < 0.05). The area under the
receiver operating characteristic (ROC) curve was used to
evaluate the clinical diagnostic value of PCT, hs-CRP, and
combined detection in bloodstream infection and prognosis
of patients.

3. Results

3.1. Comparison of PCT and hs-CRP Levels between the Two
Groups. The values of serum PCT and hs-CRP in the group
with positive blood culture were higher than those in the
group with negative blood culture, and the difference was
statistically significant (P < 0.05). See Table 1.

3.2. The Serum PCT and hs-CRP Values between the Two
Groups of Pulmonary Infection by Blood Culture. In the pos-
itive blood culture group, the serum PCT value and hs-CRP
value of the patients with pulmonary infection were larger
than those in the negative blood culture group, and the dif-
ference was statistically significant (P < 0.05). See Table 2.

3.3. The Serum PCT and hs-CRP Values in Patients with
Bloodstream Infection Caused by Gram-Positive Bacteria
and Gram-Negative Bacteria. In the blood culture positive
group, there were 27 cases of gram-positive bacterial infec-
tion and 9 cases of gram-negative bacterial infection. The
value of serum PCT in the gram-negative bacterial infection
group was higher than that in the gram-positive bacterial
infection group (P < 0.05). See Table 3.

3.4. The Bacteria Species and Serum PCT and hs-CRP Values
between Gram-Positive Bacteria and Gram-Negative
Bacteria. Among the infections of gram-positive bacteria,
there were 14 cases of Staphylococcus epidermidis infection,
9 cases of Staphylococcus aureus infection, 2 cases of Strep-
tococcus infection, and 2 cases of Enterococcus infection.
Among the patients infected with gram-negative bacteria,
there were 4 cases of Klebsiella pneumoniae infection, 3
cases of Acinetobacter baumannii infection, and 2 cases of
Escherichia coli infection, and the serum PCT value of
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TaBLE 5: Diagnostic efficacy of PCT, hs-CRP, and combined blood culture in patients with bloodstream infection.

Index AUC (95% CI) Truncation value

Sensitivity (%) Specificity degree (%) Youden index

PCT (ng/ml)
hs-CRP (mg/1)
PCT+hs-CRP

0.946 (0.911~0.974)
0.783 (0.681~0.892)
0.991 (0.972~1.000)

1.283
31.684
304.39

88.61
63.75
94.18

94.02
92.54
98.73

0.818
0.557
0.921

ROC curve

0.8 4

0.6 4

Sensitivity

0.4

0.2 1
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hsCRP

Combined diagnosis
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FiGure 1: ROC curve of PCT and hs-CRP in the diagnosis of
bloodstream infection. Note: the AUCs of PCT, hs-CRP and PCT,
and hs-CRP were 0.946, 0.783, and 0.991, respectively (all P <
0.05). The area under the joint detection curve of PCT and hs-
CRP was the largest, PCT was the second, and hs-CRP was the
lowest.

TaBLE 6: The serum PCT and hs-CRP levels between the survival
group and the death group.

Grouping N PCT (ng/ml) hs-CRP (mg/l)
Survival group 29 1.63+0.76 73.28 £30.11

Death group 7 4.18+2.04 117.54 + 44.83
t 5.505 3.167

P <0.05 <0.05

gram-negative bacterial infection was greater than that of
gram-negative bacterial infection, and the difference was sta-
tistically significant (P < 0.05). There was no significant dif-
ference in serum hs-CRP between gram-negative bacteria
and gram-positive bacteria (P > 0.05). There was no statisti-
cal significance in the comparison of serum PCT and hs-
CRP values in patients infected with gram-negative bacteria
(P>0.05). There was no statistical significance in the com-
parison of serum PCT and hs-CRP values in patients
infected with gram-positive bacteria (P > 0.05). See Table 4.

3.5. Diagnostic Value of PCIT, hs-CRP, and Their
Combination in Bloodstream Infection. The AUCs of PCT,
hs-CRP and PCT, and hs-CRP were 0.946, 0.783, and
0.991, respectively (all P <0.05). The area under the joint
detection curve of PCT and hs-CRP was the largest, PCT
was the second, and hs-CRP was the lowest. The accuracy
of combined detection of PCT and hs-CRP in the diagnosis
of bloodstream infection was the highest (0.991), followed by
PCT (0.946), and hs-CRP was the lowest (0.783). See Table 5
and Figure 1.

3.6. The Serum PCT and hs-CRP Levels between Survival
Group and Death Group. Of the 36 patients with bacterial
bloodstream infection, 29 survived and 7 died. The serum
PCT and hs-CRP values in the survival group were lower
than those in the death group, and the difference was statis-
tically significant (P < 0.05). See Table 6.

3.7. The Value of PCT and hs-CRP in Diagnosing the
Prognosis and Survival of Patients. ROC curve analysis
showed that the AUCs of PCT, hs-CRP and PCT, and hs-
CRP were 0.848, 0.826, and 0.934, respectively (all P <0.05
). The AUC of combined detection of PCT and hs-CRP
was the largest, followed by PCT, and the lowest was hs-
CRP. The accuracy of combined detection of PCT and hs-
CRP was the highest (up to 0.934), followed by PCT
(0.848), and the diagnostic accuracy of hs-CRP was the low-
est (0.826). See Table 7 and Figure 2.

4. Discussion

Bloodstream infection (BSI) is a general term for septicemia
and bacteremia. Septicemia is when bacteria enter the blood-
stream and grow, producing large amounts of toxins and
metabolites, causing systemic severe infection syndrome.
Bacteremia is toxemia in which bacteria enter the blood-
stream temporarily but do not cause obvious symptoms of
systemic infection. Under certain conditions, bacteremia
and septicemia can be converted into each other [13]. The
disease lacks characteristic clinical manifestations in the
early stage, so it is difficult to be detected. Because of the
high specificity of blood culture, it is often used as the first
choice for the diagnosis of bloodstream infection. However,
blood culture has the following disadvantages: (1) the blood
should be collected before medication, and the blood is easy
to be contaminated, (2) the positive rate is easily affected by
the number of bacteria, and (3) the culture takes a long time,
resulting in the lag of the results. Previous studies have
shown that C-reactive protein and procalcitonin play an
important role in the occurrence and development of blood-
stream infection [14, 15].
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TaBLE 7: The value of PCT and hs-CRP in the diagnosis of prognosis and survival of patients.

Index AUC (95% CI) Truncation value

Sensitivity (%) Specificity degree (%) Youden index

91.83 80.65 0.736
88.94 53.57 0.429
88.92 94.27 0.647

PCT (ng/ml) 0.848 (0.733~0.963) 2.406
hs-CRP (mg/1) 0.826 (0.708~0.944) 74.833
PCT+hs-CRP 0.934 (0.854~1.000) 81.421
1.0 ROC curve
A
L
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Z
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— PCT Combined diagnosis
hsCRP —— Reference line

FiGUrRe 2: ROC curve of prognosis and survival of patients
diagnosed by PCT and hs-CR. Note: the AUCs of PCT, hs-CRP
and PCT, and hs-CRP were 0.848, 0.826, and 0.934, respectively
(all P<0.05). The AUC of combined detection of PCT and hs-
CRP was the largest, followed by PCT, and the lowest was hs-CRP.

Recently, a large number of broad-spectrum antibiotics,
hormone drugs, and immunosuppressants have been widely
used in clinic with the continuous development of invasive
diagnosis and treatment technology. C-reactive protein is
an acute phase reactive protein, which is mainly released
from the liver under the stimulation of interleukin-6 and
other cytokines [16]. When the body is infected, CRP can
play both anti-inflammatory and proinflammatory effects,
mainly because it can mediate the elimination of pathogens
and inhibit the interaction between endothelial cells and
white blood cells. Therefore, CRP is often used for the early
diagnosis of infectious diseases. Studies have shown that
CRP can improve the early diagnosis rate of pneumonia
[17, 18]. For patients after surgery, CRP can help distinguish
acute appendicitis from other noninfectious abdominal pain
and predict infection complications after colorectal surgery
[19, 20]. However, some studies have shown that the diag-
nostic value of CRP alone in sepsis is only moderate, and
the predicting positive blood culture and disease prognosis
are lower than that of procalcitonin and sSTREM-1 [21]. In
general, CRP levels decrease within 48 hours after anti-
infective treatment [22]. Baruah et al. investigated 891

patients with community-acquired septicemia, showing that
CRP levels of most patients decreased within 48 hours and
serum CRP levels of all patients decreased within 5 days after
anti-infection treatment [23].

Procalcitonin, a propeptide of calcitonin, has no hor-
monal activity and is usually produced by thyroid C cells.
In healthy people, almost all calcitonin is converted to calci-
tonin, so its content in serum is generally lower than that of
0.05ng/ml. When infection occurs, the content of serum
procalcitonin changes at any time [24]. When the symptoms
of sepsis are severe, the content of procalcitonin released
into the blood is high. When the symptoms of sepsis are
mild, the amount of procalcitonin released into the blood
is relatively low. Assicot and his colleagues first proposed
PCT as a potential biomarker of sepsis and infection in
1993. Some scholars have shown that the advantage of
PCT as a biomarker to predict infection lies in its high stabil-
ity in vitro, and the serum level can increase within 2-3
hours after infection [25]. The study of Wallihan et al
showed that the areas under the ROC curve of PCT predict-
ing sepsis positive blood culture and negative blood culture
were 0.96 and 0.89, respectively [26], indicating that PCT
can early predict, so as to take effective diagnosis, treatment,
and nursing measures in time. Although PCT is closely
related to infection, its specificity for infection is not com-
plete [27]. There is evidence that when patients suffer from
trauma or other diseases, the value of PCT can also slightly
increase [28]. Therefore, it is impractical to use PCT concen-
tration alone to diagnose sepsis. Generally speaking, when
the serum PCT content is higher than 2.0 ng/ml, the risk of
sepsis or septic shock increases significantly. When the
PCT content is between 0.5 and 2.0 ng/ml, the risk rate is
at a medium level. When the PCT content is less than
0.5 ng/ml, the risk rate of sepsis is very low. According to
the results of a meta-analysis conducted by Jiagiong et al.,
the sensitivity and specificity of PCT in the diagnosis of sep-
sis are 77% and 79%, respectively, and the diagnostic value is
poor [29]. Therefore, when using PCT to predict sepsis or
diagnose sepsis, it is necessary to make a comprehensive
judgment combined with the clinical characteristics of
patients and other experimental indicators. CRP is often
used in the early diagnosis of infectious diseases [30, 31].
Therefore, this paper studies the diagnostic value of procal-
citonin (PCT) combined with C-reactive protein (hs-CRP)
in the diagnosis of bacterial bloodstream infection and its
significance for the prognosis of patients. There are some
limitations to this study. First, the sample size of this study
is not large, and it is a single-center study, so bias is inevita-
ble. In future research, we will carry out multicenter, large-
sample prospective studies, or more valuable conclusions
can be drawn.



In conclusion, there were significant differences in the

levels of PCT and CRP between gram-positive bacteria and
gram-negative bacteria. PCT and CRP have high diagnostic
value in predicting the short-term prognosis of patients.
PCT and CRP assist clinical diagnosis and guide treatment
and play a positive role in early treatment and prognosis
evaluation of patients.
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