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Objective: This study explores the significance of serum amyloid A (SAA), C-reactive 
protein (CRP), and white blood cell (WBC) in the diagnosis and treatment of diarrhea in 
infants.
Methods: Specimens were collected from 126 children with diarrhea and 66 healthy 
children undergoing health examination. According to the results of stool culture and 
rotavirus (RV) antigen, these children were divided into three groups: rotavirus group (70 
cases), bacterial infection (56 cases), and control groups (66 cases). On the fourth day of 
admission, children in the RV group underwent stool culture again. Based on the subsequent 
results, they were further divided into two groups, ie, no secondary bacterial infection and 
secondary bacterial infection groups. The levels of RV antigen, bacterial antigen, SAA, CRP, 
and WBC were detected in all children. Then, ROC curve analysis was performed to 
determine the diagnostic efficacy of SAA, CRP and WBC.
Results: The levels of SAA, CRP, and WBC for the RV group were lower than those of the 
bacterial infection group, but higher compared with the control group (P<0.05). The diag-
nostic efficacy of SAA was higher than that of CRP and WBC, with the area under the curve 
of 0.876, 0.803, and 0.765, respectively. The positive and negative predictive values, 
specificity, and sensitivity of SAA were slightly better compared with CRP and WBC. The 
SAA, CRP, and WBC levels of children with a bacterial infection in the RV group on the 
fourth and seventh days after admission were also significantly higher compared with 
children without bacterial infection.
Conclusion: Serum amyloid A, CRP, and WBC levels had a high value in the differential 
diagnosis of infantile diarrhea. As such, they can be used in the early diagnosis and curative 
efficacy assessment of children with diarrhea.
Keywords: group A rotavirus, serum amyloid A, C-reactive protein, white blood cell, 
diagnostic efficacy

Introduction
“Infantile diarrhea” refers to a group of digestive tract syndromes caused by 
multiple pathogens and factors. It is characterized by an increase in stool frequency 
and a change in stool characteristics and is one of the most common ailments 
among infants in China. Rotavirus (RV) and bacteria are the main pathogens that 
cause infantile diarrhea.1–3 Because the treatment of viral and bacterial diarrhea is 
quite different, the correct differential diagnosis is a key factor in the diagnosis and 
treatment of infantile diarrhea. In this context, microbiology is the gold standard 
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indicator used for etiology diagnosis. However, its detec-
tion cycle requires at least 48 h or longer, making it 
difficult to meet clinical needs.4,5 It is thus important for 
clinical diagnosis and treatment to explore highly efficient 
detection indicators in the diagnosis and treatment of 
infantile diarrhea.

Existing literature reports the diagnostic value of white 
blood cell (WBC), C-reactive protein (CRP), interleukin-6 
(IL-6), and procalcitonin in infantile diarrhea. However, its 
diagnostic efficacy requires further improvement. 
Additionally, the reported studies represent primarily hor-
izontal research, and the role of indicators in the diagnosis 
and treatment of RV diarrhea is not clear. Serum amyloid 
A (SAA) protein is an acute-phase reaction protein pro-
duced by hepatocytes that are secreted into serum. When 
the body is infected or injured, this protein can rapidly 
increase (approximately 1000 times in 4–6 h), and rapidly 
decrease to a normal level once the antigen in the body has 
been resolved.6–9 During respiratory virus infection, the 
levels of SAA in symptomatic influenza patients are sig-
nificantly increased, even in infants within 2 months of 
age.10 The measurement of SAA is also used for the early 
diagnosis of hand-foot-and-mouth disease.11 Serum amy-
loid A protein is significantly increased in viral infectious 
diseases; as such, it can be used as a sensitivity indicator 
for the diagnosis of such infections. This study evaluates 
the application value of SAA in the diagnosis and treat-
ment of RV patients and provides a reliable theoretical 
basis for the diagnosis and treatment of RV enteritis.

Materials and Methods
Specimen Source
The stool culture results of 178 hospitalized infants with 
diarrhea, 66 healthy infants, and infants with RV infection 
on the fourth day of admission from October 2019 to 
December 2019 were collected. A diagnosis was made 
based on the Expert Consensus on the Principles of 
Diagnosis and Treatment of Diarrhea in Children.12 The 
feces of all infants were inoculated in <1 hour. Patients 
were excluded if they met the following criteria: 1) did not 
underwent pathogen examination; 2) not detected with 
pathogen; 3) had a fever 3 days before admission. On the 
first, fourth, and seventh days after admission, blood sam-
ples were collected from ill and healthy infants (see the 
experimental grouping section for more detail) and placed 
in an ethylenediamine tetraacetic acid anticoagulant tube 
for the analysis of SAA and CRP, as well as blood 

examination, and detected within 2 hours. Secondary 
infection was defined as positive bacterial culture on the 
4th day after admission.

Instruments and Consumables
ECC, a Vibrio chromogenic plate, hematoxylin and eosin, 
and 0157 chromogenic plate were purchased from 
Zhengzhou Biocell Biotechnology Co., Ltd. (China), 
while blood plate, and stainless steel and McConkey plates 
were provided by Zhengzhou Autobio Co., Ltd. (China). 
Rotavirus was detected using the PAGE method. The 
reagents used in this method were prepared by our 
laboratory.8 Serum amyloid A protein and CRP were 
detected by immunoanalyzer (Jet-iStar3000; Hangzhou 
Joinstar Biomedical Technology Co., Ltd., China) and 
supporting reagents.

Procedures
Fecal Culture
In strict accordance with the National Regulations for 
Clinical Laboratory Practice (fourth edition), appropriate 
amounts of feces were inoculated in different media and/or 
Petri dishes for culture and identification.

Detection of Serum Amyloid A Protein and 
C-Reactive Protein
Using the Jet-iStar3000, background tests and internal 
quality control were effected before daily use. The immu-
noanalyzer could be used only after the test results had 
been qualified. Detection was performed on the instru-
ments strictly according to their ascribed operational 
procedures.

Experimental Grouping
Among 178 cases of diarrhea, 40 were not detected with 
pathogens and 3 experienced fever ≥3 days before 
admission and. They were excluded from this study. In 
the remaining 135 cases, 9 were tested positive for both 
RV and bacteria; 56 cases carried a single bacterial 
pathogen; 70 cases were positive for single RV. Those 
tested for both RV and bacteria were excluded from the 
study. Finally, the RV group included 70 infants (34 
males, 36 females) with a median age of 26 months 
(range: 2 months – 4 years). There were 56 cases in 
the bacterial infection group (29 males, 27 females) with 
a median age of 25 months (range: 2 months – 4 years). 
In this group, there were 18 cases of Streptococcus 
pneumoniae, 13 cases of Haemophilus influenzae, 10 
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cases of Staphylococcus aureus, 8 cases of Klebsiella 
pneumoniae, 5 cases of Branhamella catarrhalis, and 2 
cases of Escherichia coli), there were 66 cases in the 
control group (33 males, 33 females) with a median age 
of 26 months (range: 2 months – 4 years). No pathogens 
were detected in the healthy children (Figure 1).

Treatment and Outcomes
Patients infected with RV were given anti-influenza virus 
drugs (ribavirin) and nutritional support. The bacterial 
infection group was given antibiotic treatment based on 
the results of bacterial culture and nutritional support. All 
patients had no clinical symptoms, such as fever, on the 
7th day of admission.

Statistical Analysis
Data were analyzed using statistical software SPSS 
Statistics 26.0. The relevant data were tested for normal-
ity. Normally distributed data were expressed as mean ± 
standard deviation (X ± SD), and compared between 
two groups using an independent sample t-test. 

Intergroup comparison was conducted using analysis of 
variance or Chi-square test. P<0.05 was considered sta-
tistically significant.

Results
Test Results of 4 Indexes in 3 Groups
The test results for four indicators in three groups (WBC, 
CRP, and SAA) in the bacterial infection group were 
significantly higher than those in the RV and control 
groups. In the RV group were higher than those in the 
control group, and the differences were all statistically 
significant (Table 1).

Comparison of the Positive Rates of 
White Blood Cells, C-Reactive Protein, 
and Serum Amyloid A Protein on the Day 
of Onset
Among 126 infants with diarrhea, the WBC of 83 infants 
was higher than 10 × 109/L, and the positive rate was 
65.87%. The level of CRP was higher than the reference 

Figure 1 A flow chart of the selection of cases.
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upper limit (8 mg/L) in 104 infants, and the positive rate was 
82.54%. Serum amyloid A level was higher than normal 
levels (10 mg/L) in 116 infants, and the positive rate was 
92.06%. The positive rate of SAA was compared with those 
of CRP and WBC, and the positive rate of CRP was com-
pared with that of WBC; the differences were all statistically 
significant (P<0.05). Detailed results are shown in Table 2.

Changes in Three Indicators in the 
Treatment Process for Children with RV
Infants who showed positive bacterial culture on the 
4th day after admission were categorized into the 

secondary infection group, while those showed negative 
culture were included in the no secondary infection group. 
In the no secondary infection group, on the fourth and 
seventh days after admission, the three indicators were 
lower than those at admission, and they returned to normal 
on day seven. In the secondary infection group, these 
indicators were significantly increased on the fourth day 
of admission. Furthermore, there were significant differ-
ences in the three indicators on the fourth and seventh days 
after admission between the secondary and the non- 
secondary infection group (Table 3).

The Diagnostic Efficacy of Serum Amyloid 
A, C-Reactive Protein, and White Blood 
Cells in the Diagnosis of Rotavirus
After analyzing the efficacy of SAA (<10 mg/L), CRP 
(<8 mg/L), and WBC (4–10 × 109/L), the following con-
clusions were made. The efficacy indexes of SAA were 
higher compared with CRP (P<0.05) and WBC (P < 0.05), 
and CRP indexes were higher than those of WBC 
(P<0.05). The ROC curve showed that SAA, CRP, and 

Table 1 Comparison of WBC, CRP and SAA Among the Three Groups at Admission

Group Number of Case WBC (×109/L) CRP (mg/L) SAA (mg/L)

Rotavirus group 70 7.59±2.38 21.63±11.42 79.36±32.56
Bacterial infection group 56 15.62±6.31 48.62±21.36 316.80±107.02

Control group 66 5.28±2.01 3.56±1.28 3.85±1.09

F value – 26.48 28.69 63.29
P value – 0.006 0.004 0.001

Abbreviations: F, statistical value of difference analysis; WBC, white blood cell; CRP, C-reactive protein; SAA, Serum amyloid A.

Table 2 Comparison of the Positive Rates of WBC, CRP and 
SAA on the Day of Onset of All Patients

Item Number 
of Case 

(n)

Positive 
Cases 

(n)

Positive 
Rate (%)

χ2 

value
P value

SAA 126 116 92.06 4.331∆ 0.037∆

CRP 126 104 82.54 8.293* 0.004*

WBC 126 83 65.87 26.020# <0.001#

Notes: ∆SAA compared to CRP; *CRP compared with WBC; #SAA compared to 
WBC.

Table 3 Comparison of Detection Results of Bacterial Infection in the Rotavirus Infection Group

Item Day 0 Day 4 Day 7

No Secondary 
Infection Group

Secondary 
Infection 
Group

t value P value No Secondary 
Infection Group

Secondary 
Infection 
Group

t value P value

WBC× 

(109/L)

7.59 

±2.38

5.86±2.13 13.98±3.26 7.56 0.023 5.36±1.98 8.36±2.41 4.06 0.031

CRP 

(mg/L)

21.63 

±11.42

8.52±2.14 53.62±18.67 12.36 0.001 4.32±1.05 18.25±5.91 11.83 0.002

SAA 

(mg/L)

79.36 

±32.56

6.92±1.99 189.23±38.26 15.52 0.001 5.03±1.12 86.59±18.26 12.39 0.001

Notes: No complicated bacterial infection group (n = 36); complicated bacterial infection group (n = 34). 
Abbreviations: WBC, white blood cell; CRP, C-reactive protein; SAA, Serum amyloid A.
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WBC had diagnostic value for rotavirus and their effec-
tiveness was gradually reduced. The area under the curve 
of SAA, CRP, and WBC were 0.876, 0.803, and 0.765, 
respectively (Figure 2 and Table 4).

Discussion
“Diarrhea” represents a group of intestinal tract infectious 
diseases characterized by high incidence rate and wide-
spread prevalence; its propagation speed is fast, its incidence 
rate among infants is very high, and it is one of the main 
causes of death among newborns.13,14 There are many types 
of pathogenic microorganisms in infantile diarrhea including 
bacteria, viruses, protozoa, and fungi. More than half of 
cases, however, are caused by group-A RV. Antibiotics are 
the main treatment method for bacterial diarrhea. However, 
RV enteritis is not an indication for prescribing antibiotics 
because of the different treatment methods that are applied 
for these two diarrhea types. Accordingly, early differential 
diagnosis of diarrhea in infants is paramount. Current 

microbiology monitoring takes too long, however, and it is 
difficult to provide effective experimental results early.15 

Therefore, in the early diagnosis and treatment of infants 
with diarrhea, it is of great significance that monitoring is 
strengthened and that observations of dynamic changes 
related to indicators in infants with diarrhea and the analysis 
of clinical data be effected promptly.

The results of this study revealed that levels of SAA, 
CRP, and WBC were significantly higher in the bacterial 
infection group than in the RV and control groups. In the RV 
group, these indicators only slightly exceeded the upper 
limit of their respective reference ranges and were higher 
than in the control group. After analyzing the efficacy of 
SAA, CRP, and WBC, it was concluded that these three 
indicators present good diagnostic efficacy. For SAA, diag-
nostic efficacy was higher compared with CRP and WBC, 
and the diagnostic efficacy of CRP was higher than WBC. 
This may be closely related to the short half-life of SAA and 
its significant increase when the body is stimulated by bac-
teria, viruses, mycoplasma, chlamydia, and other antigens 
(SAA increases rapidly by approximately 1000 times in 5–6 
h, and its half-life is 50 min, while CRP increases rapidly 
after 5–8 h and reaches a peak at 24 h, with a half-life of 
approximately 6 h). Due to the different diagnostic thresh-
olds, the efficiency of ROC curve analysis is lower than that 
of respective reference intervals. Our study only analyzed 
the diagnostic efficacy of SAA, CRP, and WBC alone. 
Whether the combination of these parameters would yield 
higher diagnostic efficacy warrants further investigation.

Although SAA has good diagnostic efficacy in the 
differential diagnosis of infantile diarrhea, research in 
this regard is lacking. Technology requires further 
improvement; many hospitals (particularly primary hospi-
tals, where most infants with diarrhea are first diagnosed) 
have only just begun promoting research in this area. In 
addition, CRP and WBC are classic emergency factors that 
can quickly and accurately be detected in laboratory set-
tings. For infants with diarrhea, it is recommended that 
CRP and WBC be detected first for preliminary 

Figure 2 SSA, CRP and WBC ROC curve.

Table 4 Value of SAA, CRP and WBC in the Diagnosis of Rotavirus

Item Sensitivity 
(%)

Specificity 
(%)

Positive Predictive 
Value (%)

Negative Predictive 
Value (%)

Youden Index 
(%)

Concordance index 
(%)

SAA 87.14 93.94 93.85 93.94 81.08 90.44
CRP 81.43 90.91 90.48 90.91 72.34 86.03

WBC 67.14 81.82 79.66 81.82 48.96 74.26
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differential diagnosis at an early stage; following on, SAA 
should be detected in a conditional laboratory.

An existing study revealed that CRP and WBC are 
useful indicators in the differential diagnosis of bacterial 
and viral infantile diarrhea. The current study further con-
solidated these findings by analyzing the dynamic changes 
in three indicators among 70 infants with RV diarrhea 
during hospitalization. Since the course of RV diarrhea is 
generally five-to-eight days, fecal cultures were performed 
again in the middle stage of the disease (approximately the 
fourth day after admission). In addition, SAA, CRP, and 
WBC levels were detected again on the fourth and seventh 
days after admission. On the fourth day after admission, 
the results of three tests showed a significant decrease in 
the levels of the three indicators, which were close to 
normal ranges in infants with RV diarrhea and without 
bacterial infection. Indicator levels continued to increase 
in infants with RV diarrhea with a bacterial infection, and 
the differences between the two were statistically signifi-
cant. On the seventh day of admission, the results of the 
three indicator tests returned to normal ranges in infants 
with RV diarrhea without bacterial infection; these were 
also significantly decreased compared with those on the 
fourth day after admission in infants with RV diarrhea with 
a bacterial infection. This is closely related to the self- 
limitation of RV diarrhea itself, and the overall improve-
ment of medical diagnosis and treatment levels. Therefore, 
SAA, CRP, and WBC levels can be used as differential 
diagnostic criteria, and can also be employed as monitor-
ing indexes for judging the diagnosis and treatment of 
infants with diarrhea. That is, the above indicators should 
be monitored during the treatment of infants with RV 
diarrhea when there is a significant increase or no signifi-
cant improvement in their clinical condition. The occur-
rence of complications should also be anticipated. Based 
on these conditions, the causes should be actively investi-
gated, and targeted prevention and treatment should be 
carried out to avoid worsening of the disease. The strength 
of the current study is that we addressed the dynamic 
changes in SAA, CRP, and WBC levels in the diagnosis 
and treatment of children with RV diarrhea. However, it 
should be noted that the present study had a small sample 
size; therefore, additional prospective studies are antici-
pated to further confirm the results presented herein. Also, 
whether SAA, CRP, and WBC could be used as predictors 
of complications, treatment effectiveness, and antibiotics 
resistance in children with RV diarrhea warrants further 
investigation.

Conclusion
In summary, SAA and CRP are reliable laboratory indica-
tors for the diagnosis and treatment of RV diarrhea in 
infants. The diagnostic efficiency of SAA is higher than 
that of CRP; however, combining the two laboratory indi-
cators can further improve the differential diagnosis and 
determination of RV diarrhea in infants. The combined 
application of the two laboratory indicators can enable 
early diagnosis of RV diarrhea in infants and can help to 
evaluate the clinical treatment effect, thereby creating 
a foundation for the clinical diagnosis and treatment of 
RV diarrhea.
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