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Abstract: Upper respiratory tract infection (URI) is a common childhood disease. Accurate determination of risk 
factors is of great significance for the follow-up treatment. Combinations of blood test, C-reactive protein, and pre-
albumin in the differential diagnosis of pathogens for children’s URI were investigated in this study. 538 children 
with URI and 40 healthy children were included in this study. Children with URI were divided into bacterial infection 
group, viral infection group, and other pathogens group according to the results of blood test. C-reactive protein 
(CRP) and prealbumin (PA) were tested for all 578 included children. Results showed that in bacterial infection 
group, CRP was increased (P < 0.05) and PA was decreased (P < 0.05) compared with control. In viral infection 
group, CRP was decreased (P < 0.05), whereas PA showed no difference to control (P > 0.05). In other pathogens 
group, CRP was increased (P < 0.05) and PA showed no difference to control (P > 0.05). Combination test of blood, 
C-reactive protein, and prealbumin improved the specificity (72.3%) and sensitivity (95.3%) on the differential diag-
nosis of URI. In conclusion, combined test of blood, C-reactive protein, and prealbumin can improve the diagnosis 
specificity and sensitivity of URI, leading to accurate determination of pathogens of URI and providing scientific 
foundation for follow-up treatment.
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Introduction

Upper respiratory tract infection (URI) is a com-
mon childhood illness. It can happen anytime, 
but usually be seen in winter and spring. It can 
be caused by virus infection, bacterial infec-
tions or other pathogens infection such as 
mycoplasma infection. Determination of the 
pathogen is of great significance in the subse-
quent treatment [1-3]. Currently, in addition to 
symptoms and signs, the diagnosis of URI 
mainly relies on blood test. Diagnosis is made 
according to the changes in the total number of 
white blood cells and leukocyte ratio. However, 
the changes of white blood cells sometimes 
cannot represent URI and thereby lead to mis-
diagnosis. It is necessary to introduce other 
methods to improve the accuracy of diagnosis. 

C-reactive protein (CRP) is an acute phase pro-
tein which increases in infection, inflammation, 
and trauma. It increases a few hours after 
inflammation and reaches a peak at 48 hours 
after inflammation, then returns to normal lev-
els with the disappearance of risk factors and 
recovery of tissue function. CRP is a widely 
used acute phase protein that cannot be affect-
ed by radiotherapy, chemotherapy, or cortico-
steroids [4, 5]. Prealbumin (PA), also known as 
transthyretin, is another acute phase protein 
that decreases in infection, inflammation, and 
trauma. PA is the only acute phase protein that 
decreases [6-8]. In this study, combined test of 
blood, CRP, and PA was applied to 538 cases of 
URI to investigate the effect of combined test in 
the determination of pathogens of URI.
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Material and methods

General information

538 children diagnosed with URI from the First 
Hospital of Hohhot, Hohhot, Inner Mongolia 
from October 2014 to September 2015 were 
included in this study. There were 237 males 
and 301 females with the mean age of 3.1±1.7 
years old. All 538 cases met the diagnostic cri-
teria for URI accordance to “Pediatrics” text-
book. The patients were divided into bacterial 
infection group (BIG), viral infection group (VIG), 
and other pathogens infection group (OPIG) 
according to the symptoms, signs, and blood 
test results, i.e., the total number of white blood 
cells (WBC) (normal value: 8.0~10.0×109/L) 
and WBC proportion (Table 1). No significant 
differences were found in patients’ height, 

weight, age, or body temperature (P > 0.05). 40 
healthy outpatients (20 males and 20 females) 
at the same time period with an average age of 
2.2±1.1 were used as controls (CG). All children 
were informed the research goals and methods 
in accordance with the requirements of the 
First Hospital of Hohhot, Hohhot, Inner Mongolia 
ethics committee.

Materials

Disposable vacuum blood collection tubes we- 
re purchased from Jiang Su Kangdian Phar- 
maceutical Co.; hematology analyzer (SYSMEX-
800i) and its reagents, controls and standards 
were purchased from Japan Heath Kang; 
FIA8000 Immunoassay analyzers, C-reactive 
protein testing reagents, standards and con-
trols, were purchased from Nanjing Jidan bio-
logical Technology Co.; prealbumin, Roche 
Cobas8000 automatic biochemical analyzer 
and reagents, standards and controls, were 
purchased from Roche diagnostics. Specimen 
collection, transport and testing were per-
formed under ISO15189 quality requirements.

Methods

Blood test: 2 ml venous blood was collected to 
blood tubes containing EDTA-K2 anticoagulant 
for all children, mix thoroughly. SYSMEX-800i 
blood analyzer was used to do the blood test. 

CRP testing: CRP was measured for all children 
admitted to hospital. 20 μl whole blood was 
transferred to a reaction tube containing 1 ml 
buffer with a micropipette and loaded to 
FIA8000 Immunoassay Analyzer (instrument 
has been completely calibrated, quality con-
trolled within the controlled range). Results 
were ready in about 5 min. 

Measurement of PA: PA was measured for all 
children admitted to hospital. 2 ml venous 

Table 1. Grouping
Group BIG VIG OPIG CG
Cases 274 143 121 40
Age 2.9±1.2 2.1±0.9 2.3±1.9 2.2±1.1
Male 101 69 71 20
Female 163 74 50 20
Total number of WBC (×109/L) 14.1±7.7 6.2±3.3 8.3±4.6 4~10
WBC proportion (%) Neutrophils > 70% Lymphocytes > 50% Monoytes > 8% Normal

Table 2. CRP and PA level in each group
Group Cases CRP result (mg/L) PA result (mg/L)
BIG 274 42.67±13.49* 72.36±22.58*

VIG 143 6.14±3.27** 227.06±39.31***

OPIG 121 38.23±8.98* 169.33±42.4***

Control 40 5.45±1.21 190.71±27.22
*CRP and PA in VIG and OPIG, compared to control group (P 
< 0.05). **CRP in VIG, compared to control group (P < 0.05). 
***CRP and PA in VIG and OPIG, compared to control group 
(P > 0.05).

Table 3. ROC curve parameters of combined 
detection of blood, CRP and PA in the diagnosis 
of bacterial infection
Parameters Blood test CRP PA
AUC 0.924 0.862 0.813
Threshold 12.27 72 224
Sensitivity 0.821 0.762 0.7
Specificity 0.96 0.934 0.82
Positive likelihood value 28.64 12.16 3.6
Negative likelihood value 0.16 0.21 0.3
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Figure 1. ROC curve for blood test, CRP and PA in the diagnosis of bacterial infection. A: Blood test, B: CRP; C: PA.
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blood was drawn and transferred into conven-
tional biochemical tube without anticoagulant, 
centrifuged at 3000 rpm for 20 minutes. 500 
μl serum was transferred to Roche cuvette and 
loaded into Roche Cobas8000 automatic bio-
chemical analyzer (instrument has completed 
calibration, quality control within the controlled 
range). Normal reference range is 220~400 
mg/L. 

Statistical analysis 

SPSS19.0 software was used for statistical 
analysis. One-Way ANOVA analysis was used for 
comparisons between groups. ROC curve was 
used to evaluate the effect of blood test, CRP 
measurement, and PA measurement on diag-
nosis. P < 0.05 represents statistically differ- 
ent. 

Results

CRP test

Results of CRP test were shown in Table 2 for 
each group. CRP in BIG was significantly higher 
than that in VIG (P = 0.000), but showed no sig-
nificant difference when compared with that in 
OPIG (P = 0.280). Compared with control group, 

CRP in BIG and OPIV was significantly higher (P 
= 0.000) (P = 0.000), however, CRP in VIG 
showed no significant difference (P = 0.057).

PA test results

PA in BIG was significantly lower than that in 
VIG and OPIG (P = 0.000) (P = 0.000). Compared 
with control group, PA in BIG was significantly 
lower (P = 0.000). However, no significant dif-
ference of PA was found in VIG or OPIG when 
compared with that in control group (P = 0.077).

Application of combined test of blood, CRP and 
PA in the differential diagnosis of children URI

ROC curve parameters of combined detection 
of blood, CRP and PA in the diagnosis of bacte-
rial infection were shown in Table 3 with indi-
vidual ROC curve presented in Figure 1. The 
results showed that combined detection of 
blood, CRP and PA had higher accuracy in the 
diagnosis of bacterial infection. ROC curve 
parameters of combined detection of blood, 
CRP and PA in the diagnosis of viral infection 
were shown in Table 4 with individual ROC 
curve presented in Figure 2. Results showed 
that combined detection of blood, CRP and PA 
had a better effect in the diagnosis of viral 
infection. ROC curve parameters of combined 
detection of blood, CRP and PA in the differen-
tial diagnosis of bacterial infection and viral 
infection were shown in Table 5 with individual 
ROC curve presented in Figure 3. The results 
showed that combined detection of blood, CRP 
and PA had some positive effects in the differ-
ential diagnosis of bacterial infection and viral 
infection.

Discussion

URI is a common set of general acute respira-
tory infectious diseases, including the common 
cold, viral pharyngitis, laryngitis, herpangina, 
pharynx conjunctival fever, and bacterial throat-
tonsillitis. URI has a higher prevalence and can 
be seen in all years around, but more cases 
were seen in winter and spring [9, 10]. Because 
the respiratory system of children especially 
infants have not yet fully developed, and young 
children do not have fully functional immune 
system, so they are vulnerable to infections of 
bacteria, viruses and other pathogens such as 
mycoplasma. According to incomplete statis-
tics, URI accounts for about 70% of hospital 
outpatients. Quickly detection of pathogens of 

Table 4. ROC curve parameters of combined 
detection of blood, CRP and PA in the diagnosis 
of viral infection
Parameters Blood test CRP PA
AUC 0.781 0.733 0.712
Threshold 8.39 11 128
Sensitivity 0.736 0.778 0.729
Specificity 0.843 0.811 0.795
Positive likelihood value 27.81 11.89 3.2
Negative likelihood value 0.12 0.32 0.36

Table 5. ROC curve parameters of combined 
detection of blood, CRP and PA in the differ-
ential diagnosis of viral infection and bacterial 
infection
Parameters Blood test CRP PA
AUC 0.799 0.682 0.726
Threshold 11.3 32 163
Sensitivity 0.716 0.677 0.705
Specificity 0.825 0.72 0.689
Positive likelihood value 6.3 1.743 1.821
Negative likelihood value 0.361 0.628 0.572
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Figure 2. ROC curve for blood test, CRP and PA in the diagnosis of viral infection. A: Blood test, B: CRP; C: PA.

Figure 3. ROC curve for blood test, CRP and PA in the differential diagnosis of viral infection and bacterial infection. A: Blood test, B: CRP; C: PA.
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URI is of great significance for follow-up treat-
ment. Changes of numbers of leukocytes and 
leukocyte classification were used to determine 
the infection of virus, bacteria or other patho-
gens. However, the leukocytes are susceptible 
to the age, the body’s immunity, mood, body 
activity, pain, and other factors [11], so depend-
ing on a single blood test is prone to misdiagno-
sis, and other tests are required to provide the 
basis for clinical judgment by the physician. 
Currently, blood test plus CRP detection was 
used to diagnose URI in our hospital. The total 
number of blood leukocytes, changes of leuko-
cyte classification and elevation of CRP were 
used to determine whether URI is caused by 
viruses, bacteria or any other pathogens infec-
tion. Studies showed that PA is a negative acute 
phase protein and decreases expression in in- 
flammation. So it is possible to check the exis-
tence of inflammation and infection through 
measuring the expression of PA. In this study, 
blood test, CRP test, and PA test were per-
formed on 538 URI patients. The effect of com-
bination of blood test, CRP test, and PA test on 
determination of pathogens of URI was investi- 
gated. 

Compared with the traditional blood test, as a 
positive acute phase protein, CRP increases 
usually in 6 to 8 hours after inflammation, CRP 
can be increased up to several times in a short 
period of time, and decreased rapidly after 
inflammation is controlled since its half-life is 
only 4 to 5 hours [12, 13]. In this study, we 
found that, CRP was elevated in URI caused by 
bacterial infections and other pathogens infec-
tions, but showed no change in URI caused by 
virus infection. This can be used as a hint to 
identify whether the URI is caused by bacterial 
infection or viral infection or other pathogens 
infection.

PA is a glycoprotein synthesized in the liver and 
is also a negative acute phase protein [14-16]. 
It reduces rapidly when the body has bacterial 
infection, usually in 6 to 8 hours after inflam-
mation. When the body is recovering from infec-
tion, PA gradually increases to normal level [17-
20]. In this study, we found that PA decreased 
in URI caused by bacterial infection, but showed 
no significant change in URI caused by virus 
infection and other pathogens infection in chil-
dren. Through blood test, CRP test, and PA test, 
we found that CRP increased and PA decreased 

in URI caused by bacterial infection; CRP de- 
creased and PA did not change in URI caused 
by virus infection; CRP increased and PA did not 
change in URI caused by other pathogens. 
Combination of blood test, CRP test, and PA 
test, can improve the differential diagnosis of 
URI caused by bacterial infections, viral infec-
tions or other pathogens, providing the basis 
for diagnosis and treatment by clinical phy- 
sicians.

In conclusion, this study showed that combina-
tion of blood test, CRP test and PA test can 
determine the types of URI pathogens, make 
more accurate determination of causes, and 
provide better treatment plans.
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