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Objective: The aim of this study was to explore the value of serum amyloid A protein 
(SAA) and neutrophil-to-lymphocyte ratio (NLR) testing in the diagnosis and treatment of 
children with influenza A.
Methods: Specimens were collected from 85 children with influenza A, 85 children with 
a bacterial infection, and 86 healthy children. The levels of SAA and C-reactive protein 
(CRP) were measured, and routine blood tests were performed.
Results: The levels of SAA and CRP in the bacterial infection group were significantly 
higher than those in the influenza A group, and the levels in the influenza A group were 
higher than those in the healthy children. The NLR level in the influenza A group was 
not different from that in the bacterial infection group, but the NLR levels in the influenza 
A group and the bacterial infection group were higher than that in the healthy controls. The 
number of white blood cell (WBC) in the influenza A group was not different from that in 
healthy children, while the WBC counts in the control and bacterial infection groups were 
higher than that in the influenza A group. The distribution width of red blood cells in the 
bacterial infection group was higher than that in healthy controls. The receiver operating 
characteristic curve analysis showed that the area under the curve for the diagnoses of 
influenza A for SAA, NLR, and CRP was 0.806, 0.768, and 0.699, respectively. The 
sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of 
SAA/NLR (SAA and NLR in the series) were 68.24%/76.47% (57.65%), 84.88%/72.09% 
(96.76%), 81.69%/73.03% (96.08%), 73.00%/75.61% (70.00%), and 76.61%/74.27% 
(77.78%), respectively.
Conclusion: In the early diagnosis of children with influenza A, the values of SAA and 
NLR are high. Thus, they could be used for monitoring and efficacy evaluation during the 
course of the disease.
Keywords: influenza A, serum amyloid protein; SAA, neutrophil/lymphocyte ratio, white 
blood cell, C-reactive protein

Introduction
Influenza is an acute respiratory infectious disease caused by different types of 
viruses. There are three main types of influenza virus: type A, type B, and type C, 
of which type A is the most common. Influenza A has the characteristics of wide 
epidemic spread, strong contagion, and susceptibility in children. It can seriously 
damage children’s physical and mental health.1,2 Serum amyloid A protein (SAA) is 
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a non-specific acute phase reaction protein, which not only 
increases early with a large amplitude and high sensitivity 
in bacterial infectious diseases but also increases consider-
ably in viral infectious diseases. It can therefore be used as 
a sensitive indicator for the diagnosis of viral and bacterial 
infections.3–5 The neutrophil-to-lymphocyte ratio (NLR) 
has emerged as an inflammatory indicator in recent 
years. Its clinical value in acute pancreatitis, septic 
shock, ulcerative colitis, and other inflammatory injury- 
related diseases has already been confirmed.6,7 However, 
there are relatively few authoritative studies of its practical 
value in the diagnosis and treatment of infectious diseases 
such as influenza A virus infection, and the usefulness of 
the combined measurement of SAA and NLR in the diag-
nosis and treatment of influenza A has not been reported. 
In the present study, the levels of SAA and NLR during 
the diagnosis and treatment of children with influenza 
A virus infection were analyzed to explore the value of 
their combined detection in the diagnosis and treatment of 
influenza A.

Materials and Methods
Samples
Between January and December 2019, 170 children with 
upper respiratory tract infection symptoms in The First 
People’s Hospital of Yuhang District, Hangzhou were 
screened as the study subjects. All the patients underwent 
blood and sputum cultures on the day of admission (before 
treatment). According to the results of the influenza A virus 
antigen test, 85 patients were infected with influenza A (the 
influenza A group), and the other 85 were infected with 
a bacteria (the bacterial infection group). In the influenza 
A group, there were 43 males and 42 females. Their ages 
ranged from 2–5 years old, with an average age of 3.52 ± 1.49 
years old. Among them, 28 patients were aged 2.01–3 years 
old, 32 patients were 3.01–4 years old, and 25 patients were 
4.01–5 years old. In the bacterial infection group, there were 
43 males and 42 females aged 2–5 years old, with an average 
age of 3.49 ± 1.52 years old. Among them, 30 cases were 
aged 2.01–3 years old, 30 cases were 3.01–4 years old, and 25 
cases were 4.01–5 years old. There were 35 cases of 
Streptococcus pneumoniae, 20 cases of Staphylococcus aur-
eus, 15 cases of Haemophilus influenzae, 6 cases of Klebsiella 
pneumoniae, 5 cases of Branhamella catarrhalis, and 4 cases 
of Escherichia coli. During the same period, 86 healthy chil-
dren of the same age group, who had physical examinations at 
the hospital, were selected as the control group. There were 

43 males and 43 females, aged 2–5 years old, with an average 
age of 3.54 ± 1.48 years old. Among them, 30 patients were 
aged 2.01–3 years old, 30 patients were 3.01–4 years old, and 
26 patients were 4.01–5 years old. The diagnostic criteria of 
all the enrolled subjects were based on the “Influenza 
Diagnosis and Treatment Plan (2018 Edition).” The diagnosis 
of influenza A was confirmed by the positive test result of the 
influenza A nucleic acid test. Those with other viruses (influ-
enza B virus, respiratory syncytial virus, adenovirus, or myco-
plasma pneumonia), infections, immune system diseases, 
blood system diseases, and those with severe liver and kidney 
dysfunction were excluded. Blood samples were collected 
from all the enrolled subjects on the day of admission and 
transferred to a procoagulant tube and an ethylenediaminete-
traacetic acid anticoagulant tube. Throat swabs were also 
taken from these subjects following the blood collection. 
Patients in the influenza A group also underwent blood col-
lection and were tested for SAA, NLR, and CRP on day 
three, day five, and day seven. The samples were processed 
within two hours.

Instruments and Consumables
The influenza A virus antigen detection kit (using the 
immune colloidal gold method), produced by the 
Hangzhou Innovative Biological Control Technology Co. 
Ltd., was used for the detection of the influenza A virus 
antigen. The routine blood test (absolute white blood cell 
[WBC] count, absolute neutrophil count, absolute lympho-
cyte count, and distribution width of red blood cells 
[RDW]) was tested using the Sysmex XE 2100 automatic 
blood analyzer (Sysmex, Kobe, Japan) and reagents. The 
NLR was calculated using the equation of the absolute 
neutrophils count/absolute lymphocytes count. The 
immune analyzer Jet-iStar3000 (tested by Zhonghan 
Shengtai Biotechnology Co. Ltd.) was used for the detec-
tion of SAA and C-reactive protein (CRP).

Detection Methods
The Detection of Influenza A Viral Antigen
The samples for the throat swab were collected, and the 
test was completed in accordance with the test kit opera-
tion manual.

The Routine Blood Test (WBC, Absolute Neutrophil 
Count, Absolute Lymphocyte Count, and RDW)
The Sysmex XE 2100 was subjected to a background 
test and indoor quality control daily before use. (The 
Sysmex XE 2100 was used in the inter-office quality 
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evaluation of the Clinical Laboratory Center of the 
Ministry of Health and the Zhejiang Provincial 
Clinical Laboratory Center, with excellent results.) 
The on-machine operation testing was conducted care-
fully, following the operating procedures of each 
instrument.

The Detection of SAA and CRP
The SAA protein determination kit was used for the 
detection of SAA. The sample was mixed with the 
detection buffer containing fluorescence detection anti-
body. Then the sample mixture was added to the plate. 
It was diffused to the nitrocellulose membrane by capil-
lary action and was captured by the paired antibody 
immobilized on the membrane. The quantity of depos-
ited complexes was proportional to the amount of anti-
gen contained in the sample. The intensity of the 
fluorescent antibody signal was proportional to the 
amount of antigen captured by the reaction. The con-
centration of the antigen in the sample was calculated 
using an immune analyzer.

The CRP determination kit was used for the detec-
tion of CRP. The sample was mixed with the detection 
buffer containing fluorescence detection antibody. Then 
the sample mixture was added to the plate and captured 
by the paired antibody fixed on the membrane of the 
detection area to form a CRP antibody-CRP-labeled 
complex. The fluorescence signal was proportional to 
the concentration of CRP. The concentration of the 
antigen in the sample was calculated with an immune 
analyzer.

Treatment of Patients
Patients infected with influenza A were treated with an 
anti-influenza virus drug (oseltamivir) and given nutri-
tional support. Based on the results of their bacterial 

culture, the bacterial infection group received antibiotic 
treatment and nutritional support.

Statistical Analysis
SPSS22.0 software was used for data processing. 
A normality test was conducted for relevant data. Data 
conforming to the normal distribution were expressed as �x 
± s, and the t-test was used for the comparison between the 
two groups. An analysis of variance was used for the 
comparison between the three groups. The data that did 
not conform to the normal distribution were represented by 
the median (M) [quartile (P25–P75)]. The nonparametric 
Mann–Whitney U-test was used for the comparison 
between two groups, and the Kruskal–Wallis H-test was 
used for the comparison between the three groups. The 
receiver operating characteristic (ROC) curve was used to 
analyze the value of SAA and NLR in diagnosing influ-
enza A. A p-value < 0.05 was considered statistically 
significant.

Results
The Comparison of Laboratory 
Indicators Between the Influenza 
A Group, the Bacterial Infection Group, 
and the Normal Control Group
The differences in SAA, NLR, WBC, CRP, and RDW 
between the three groups were statistically significant 
(see Table 1). The levels of SAA and CRP in the bacter-
ial infection group were higher than those in the influ-
enza A group, and those in the influenza A group were 
higher than those in the normal control group. The dif-
ferences were statistically significant (see Figure 1A and 
C). The NLR level in the influenza A group was 
not different from that in the bacterial infection group. 
The NLR levels in the influenza A group and the bacter-
ial infection group were higher than that in the normal 

Table 1 The Comparison of Laboratory Indicators Among the Influenza A Group, Bacterial Infection Group and Normal Control 
Group

N SAA (mg/L) NLR CRP (mg/L) WBC (×109/L) RDW (%)

Influenza A group 85 17.8 (8.6~39.8) 4.5 (3.0~6.4) 3.4 (1.4~8.2) 7.1±2.2 12.7±0.6
Bacterial infection group 85 39.5 (14.0~73.7) 3.7 (1.7~6.0) 8.2 (2.0~21.0) 10.0±4.1 12.8±0.9

Control group 86 6.3 (5.1~8.7) 1.8 (1.0~3.3) 0.8 (0.8~4.2) 7.6±1.6 12.5±0.6

Test value – x2=94.71 x2=38.65 x2=49.12 F=25.89 F=3.70
Pvalue – 0.000 0.000 0.000 0.000 0.026

Note: SAA, NLR and CRP adopted Kruskal–Wallis H-test, WBC and RDW adopted analysis of variance.
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control group (see Figure 1B). The WBC count in the 
influenza A group was not different from that in the 
normal control group. The WBC count in the bacterial 
infection group were higher than that in the normal con-
trol group and influenza A group (see Figure 1D). The 
RDW in the bacterial infection group was higher than 
that in the normal control group. There was no significant 
difference in the RDW between the bacterial infection 
group and the influenza A group and between the normal 
control group and the influenza A group (see Figure 1E).

The Value of SAA, NLR, and CRP in the 
Diagnosis of Influenza A
The results of ROC curve analysis of SAA, NLR, and CRP 
in children with influenza A showed that the area under the 
curve (95% confidence interval) of SAA, NLR, and CRP 
for the diagnosis of influenza A was 0.806 (0.737–0.874), 
0.768 (0.695–0.841), and 0.699 (0.620–0.799), 

respectively, and the best cut-off points were 11.75 mg/L, 
2.96, and 5.9 mg/L, respectively (see Figure 2). The diag-
nostic efficiency of SAA was slightly higher than that of 
NLR. The in-series detection of SAA and NLR was able to 
improve the specificity and reduce the sensitivity for mak-
ing a diagnosis (see Table 2).

The Dynamic Changes of SAA and NLR 
in Influenza A Group During Diagnosis 
and Treatment
SAA and NLR showed a tendency to decline and return to 
a normal level by day five (see Figures 3 and 4). No 
patients showed any clinical symptoms of infection, such 
as fever, by day 7 of admission.

Discussion
Influenza A virus is the most common influenza virus and has 
the most variants. Influenza A is a highly infectious viral 

Figure 1 The comparison of SAA, NLR, WBC, CRP, and RDW levels. The levels of SAA, NLR, WBC, CRP, and RDW in the influenza A, bacterial infection, and control 
groups at admission are compared. 
Notes: The analyses of SAA in (A), NLR in (B), and CRP in (C) were made with a Mann–Whitney U-Test. The analyses of WBC in (D) and RDW in (E) were made with a t-test.
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disease, and the clinical manifestations are easy to confuse with 
acute upper respiratory tract infections caused by bacteria in 
the early stage.8 SAA is an acute phase response protein, which 
is more sensitive than CRP during viral infection. The level of 
SAA increases rapidly during the onset period and decreases 
significantly during the recovery period, making SAA 
a sensitive indicator for the early detection of viral infections 
in children.9,10 The blood routine test is the most commonly 
used laboratory screening item in clinical practice. In theory, 
WBC counting and classification, and the counting of neutro-
phils and lymphocytes, can be used as differential diagnostic 
indicators for viral and bacterial infections, but the application 
is limited by the many influencing factors that reduce the 
diagnostic effectiveness.11,12 The NLR is a ratio, which is 
more accurate than WBC counting. Neutrophils and lympho-
cytes not only reflect the role of neutrophils in infection but 
also reflect the changes in lymphocytes in the body in a timely 
manner to identify the type of pathogen.

Some domestic and foreign researchers have confirmed 
the clinical value of SAA in infectious diseases in chil-
dren, but there are still few reports on the diagnosis and 
treatment of influenza A.4,9,10 The results of the present 
study revealed that the levels of SAA and CRP in children 
with bacterial infection were significantly higher than 
those in children with influenza A infection and were 
even higher than those in healthy children. In addition, 
the WBC count in children with bacterial infection was 
higher than that in those in children with influenza 
A infection and healthy children. These results suggest 
that SAA and CRP are valuable indicators in distinguish-
ing bacterial and viral infections. However, there was no 
difference in WBC counts between children with influenza 
A infection and healthy children. There was also no dif-
ference in the RDW between children with influenza A 
and children with bacterial infection. The RDW in children 
with bacterial infection was higher than that in healthy 
children, and this was statistically significant. The NLR 
in children with influenza A and bacterial infection was 
higher than that in healthy children, but there was no 
difference between the children with influenza A and 
those with a bacterial infection. These results suggest 
that WBC counts and RDW on their own cannot be used 
to diagnose influenza A. The reason might be that the 
study subjects were children, and the classification of 
WBC in different age groups changes and correlates with 
the vigorous process of hematopoiesis in red blood cells in 
children. The NLR was able to make a distinction between 
the physiological and pathological conditions, which was 
consistent with the results of Russell et al11 and Han et al,12 

but NLR could not be used to distinguish the type of 
pathogen. Therefore, in daily clinical practice, the recom-
mendation is to calculate the NLR first and then conduct 
SAA and CRP testing if abnormalities exist. The combina-
tion of the three could then give a preliminary determina-
tion of the type of pathogen.

Figure 2 The ROC curve of SAA, NLR, and CRP. An ROC curve analysis was 
performed to assess the diagnostic efficacy of SAA, NLR, and CRP for influenza 
A. The cut-off points of SAA, NLR, and CRP were 11.75 mg/L, 2.96, and 5.9 mg/L, 
respectively.

Table 2 The Value of SAA and NLR in the Diagnosis of Influenza A

Item AUC (95% Confidence 
Interval)

Diagnostic 
Threshold

Sensitivity 
(%)

Specificity 
(%)

Positive 
Predictive 
Value (%)

Negative 
Predictive 
Value (%)

Accuracy 
(%)

SAA (mg/L) 0.806 (0.737~0.874) 11.75 68.24 84.88 81.69 73.00 76.61
NLR 0.768 (0.695~0.841) 2.96 76.47 72.09 73.03 75.61 74.27

SAA+NLR – – 57.65 96.76 96.08 70.00 77.78

Note: The diagnostic efficacy of the in series detection of SAA and NLR was calculated based on the respective diagnostic threshold.
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The results of the ROC analysis demonstrated that the 
AUCs of SAA, NLR, and CRP for the diagnosis of influenza 
A was 0.806, 0.768, and 0.699, respectively, and the diagnostic 
cut-off points were 11.75 mg/L, 2.96, and 5.9 mg/L, respec-
tively. This indicates that all three had high diagnostic efficacy, 
but that of SAA was higher than that of NLR and CRP, while 
that of NLR was higher than that of CRP. The AUC of CRP 
was 0.699, which indicated high diagnostic accuracy, but the 
diagnostic cut-off point of 5.9 mg/L was much lower than the 
normal reference value of ≤8.0 mg/L, which made it difficult 
to distinguish abnormalities in clinical practice. Thus, CRP 

can only be used as a sensitivity indicator in distinguishing 
bacterial infections. The specificity, positive predictive value 
and accuracy of SAA were higher than those of NLR, and the 
sensitivity and negative predictive value of SAA were slightly 
lower than that of NLR. This suggests that the in-series detec-
tion of SAA and NLR can improve the specificity, positive 
predictive value, and accuracy.

Through the dynamic monitoring of the changes in 
SAA and NLR in children with influenza A, it was found 
that effective treatment can quickly improve the clinical 
symptoms, together with the fact that the levels of SAA 
and NLR in the body can quickly return to normal. The 
present study found that it took approximately seven days 
for the levels of SAA and NLR to return to normal. This 
was consistent with the pathophysiological process of the 
influenza A virus, thus further supporting the value of 
SAA and NLR in the diagnosis of influenza A. It indicates 
that SAA and NLR can be used to evaluate the therapeutic 
effect in children with influenza A and as a monitoring 
indicator throughout the course of the disease. In the case 
of significant elevations in SAA and NLR, the changes in 
the body and the treatment plan should be fully evaluated 
to prevent the occurrence of complications in time to 
prevent the disease from progressing. The reason that 
SAA could be used as a high-efficiency diagnosis and 
treatment indicator for influenza A is inseparable from 
the fast response time to inflammatory factors, short half- 
life, and increasing amplitude. SAA rapidly increases by 
approximately 1000 times within 4–6 hours and has a half- 
life of about 50 minutes, while CRP rises rapidly after 5–8 
hours and reaches a peak at 24 hours, with a half-life of 
approximately 6 hours. However, the application of SAA 
as an emerging indicator, coupled with high testing costs 
and expensive equipment, makes it difficult to popularize 
its use in many hospitals. The first consultation for chil-
dren with influenza A is generally in a regular hospital, 
which would easily lead to conflicts between the detection 
levels and clinical needs. Therefore, in daily clinical prac-
tice, it is recommended to calculate the NLR first and then 
combine it with CRP (the CRP in patients with influenza 
A is basically normal or slightly increased) to make a pre- 
diagnosis and then conduct a therapeutic diagnosis. If 
possible, the levels of SAA, NLR, and CRP should be 
tested to better differentiate whether an illness is influenza 
A and provide a reliable guarantee of effective early inter-
vention in children.

Figure 3 The dynamic changes of SAA in the influenza A group. Patients in the 
influenza A group underwent blood collection, and the SAA was measured on the 
first, third, fifth, and seventh day of admission. It fell to normal levels by day five of 
admission.

Figure 4 The dynamic changes of NLR in influenza A group. Patients in the 
influenza A group underwent blood collection, and the NLR was recorded on the 
first, third, fifth, and seventh day of admission. It dropped to normal levels by day 
five of admission.

https://doi.org/10.2147/IJGM.S313895                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 3734

Fu et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ethics Approval
This study was conducted with approval from the Ethics 
Committee of The First People’s Hospital of Yuhang 
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