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Abstract
Background: The purpose of this study was to analyze the epidemiological differences of SAA in children
with viral central nervous system (CNS) infection and Kawasaki’s Disease(KD). The former is viral
invasion of central nervous system, whereas the latter is a viral systemic vasculitis. Differences in the
SAA concentration in the blood and the proportion of high level SAA cases re�ected the in�uence of the
blood-cerebrospinal �uid barrier (BCB) on the concentration of peripheral blood infection markers.

Methods: The SAA data comprised 226 consecutive cases of children, including 112 cases of viral CNS
infection and 114 cases of KD. Differences in the proportion and concentration of SAA in the cases of the
two groups were veri�ed with a Kruskal-Wallis H-test and the chi-square test.

Results: The concentration of SAA differed between children with KD and viral CNS infection, and the
high level SAA proportion was lower in children with viral CNS infection compared to that in the KD group.

Conclusions: The observed differences may be due to the sequestration effect, as the blood-cerebrospinal
�uid barrier (BCB) can compartmentalize the pathogens at the site of disease. Therefore, other organs are
unable to be stimulated to release additional SAA.

1. Background
Serum amyloid A (SAA) protein is a sensitive acute-phase reactant as a C-reactive protein (CRP) and
procalcitonin (PCT), which plays an important role in infection and in�ammation. Moreover, SAA is used
in clinical laboratories as a diagnostic, prognostic, or therapeutic follow-up biomarker for many infectious
diseases (1-3).The level of serum SAA of patients with infectious diseases and noninfectious
in�ammation was previously reported to be over 1,000 times higher than that of the nonin�ammatory
groups (4). Moreover, SAA has been widely used to diagnose pediatric infectious diseases because it is a
simple and rapid detection method, requiring only 40 L of �ngertip blood. It has been previously reported
that occasionally, SAA was not signi�cantly increased in some types of acute in�ammation (e.g., viral
CNS infection) in which children may experience life-threatening events or severe sequela (5-
11).Therefore, a retrospective case review was performed in this study to analyze the differences in SAA
between two high risk pediatric diseases: viral CNS infection and KD (12-24).

2. Methods
2.1 Samples and Data

The SAA data contained 266 consecutive cases from January 2018 to October 2019 of the children aged
from 1 months to 12 years, including 112 cases of viral CNS infection and 114 cases of KD. Table 1 lists
the clinical characteristics of the patients in the two groups. The SAA were detected in the �ngertip or
venous blood of the children before they received regular treatment at the hospital. The composite cases
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of the two diseases were excluded. The data included in the analysis were that recorded in the laboratory
information system of Yu Huangding hospital.

SAA was tested using an Ottoman automatic protein analyzer, and the results were ensured by both daily
internal and biannual external quality control. The normal range of serum SAA is 0 10 mg/mL, and the
detection limit is between 4.8 mg/mL and 320 mg/mL due to an instrumental de�ciency. Therefore, the
SAA results below 4.8 mg/mL or above 320 mg/mL were recorded as 4.8 mg/mL or 320 mg/mL,
respectively. The distribution of the data and proportion of the SAA blood concentration level are
summarized in Table 2 and Fig.1.

2.2 Statistics

With the aid of IBMSPSS 24.0 (IBM corp, USA), the statistical analysis was conducted using a Kruskal-
Wallis H-test (Table 3) and chi-square test (Tables 1 and 4), because the nonparametric tests were
applicable for an analysis of non-normal distribution data of this thesis. A threshold of p <0.05 was
considered signi�cant.

3. Results
3.1 Clinical characteristics of the patients

The sex, age, length of hospital stay, and the degree of infection were analyzed using a chi-square test
(Table 1). There were no differences between the two groups regarding the sex, length of hospital stay,
and degree of infection, with the exception of age. The 5 year 12 year group and the 1 year age groups
had the highest disease incidence in the viral CNS and KD groups, respectively. The lowest disease
incidence of both groups was in the 1 month age group (P = 0.00 <0.05). This �nding indicated that
school-age children were more likely to infect each other.

3.2 Differences in the SAA concentration in the blood

The results of the pairwise comparisons via a Kruskal-Wallis H-test revealed that the concentration of
SAA in the blood differed between the viral CNS infection and KD groups (P <0.05) (Table 3).

3.3 Differences in the proportion of high level SAA cases

The results of the chi-square test presented in Table 4 demonstrated that the proportion of SAA increased
with signi�cant differences between the two groups. There was a lower proportion of patients in the viral
CNS group with elevated SAA (SAA >10 mg/mL) compared to that in the KD group ( 2= 43.4; P = 0.000
<0.05).

4. Discussion
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SAA has been extensively studied over the past 50 years, since it was detected and characterized as an
acute-phase reactant, and has become a common indicator for diagnosing infection and in�ammation,
especially in pediatric patients (1, 20). The SAA protein is widely expressed in many histologically normal
human tissues and is predominantly localized to the epithelial components of tissues (e.g., brain neurons,
breast lobule, and duct epithelium, thyroid follicular epithelium, pancreas glandular epithelium, kidney
tubule epithelium, skin epidermis, as well as lymphocytes, plasma cells, and endothelial cells) (21).

CNS infection and KD are diseases that commonly feature febrile syndrome in children, and can lead to
serious life-threatening complications. In addition, the two diseases often occur concurrently (e.g.,
meningitis can occur in conjunction with Kawasaki disease) (22-24).In this study, composite cases of the
two diseases were excluded. A phenomenon was noted regarding the �nding that the concentration of
SAA signi�cantly differed between children with KD and viral CNS infection. Moreover, there was a lower
proportion of high-level SAA among the casesof viral CNS infection compared to that of the KD group.
These results were veri�ed with both a Kruskal-Wallis H-test and chi-square test.

These differences can be attributed to the fact that KD is an acute systemic pediatric vasculitis frequently
caused by a virus, which may damage the coronary arteries, leading to a spectrum of injuries, including
coronary artery aneurysms in the most severe cases(14).As a form of systemic in�ammation, KD may
lead to multiple organ damage and tends to involve the release of SAA from additional organs (15). In
contrast, in the viral CNS infection cases, the pathogens are occasionally compartmentalized at the site
of disease by BCB, which fails to stimulate the release SAA from other organs. This phenomenon was
observed by Dieli et al., and termed the sequestration effect(25).The authors showed that polyclonal CD4
T cell lines from the peripheral blood failed to proliferate in a puri�ed protein derivative (PPD)test and to
the 16-or 38-kDa proteins of Mycobacterium tuberculosis for the sequestration effect by the BCB. In
contrast, CD4 cell lines from the disease site responded to PPD, the 16-kDa and 38-kDa proteins, and
derived epitopes in vitro. In our previous study, we reported that two cases of tuberculous meningitis with
false negative results were due to the sequestration effect(26). Collectively, these may represent the
reasons for both the lower SAA concentration and the lower proportion of high-level SAA cases within the
viral CNS infection group compared to the KD group.

5. Conclusion
SAA is a valuable adjunct to the diagnosis of an infection with a poor performance of clinical signs or the
presence of in�ammation in conjunction with an unidenti�ed pathogen. The concentration of SAA
differed between children with KD and viral CNS infection and the high proportion of SAA in children with
viral CNS infection was lower than that in the KD group. This difference may be due to the
compartmentalization of BCB. Moreover, the epidemiological survey of SAA represents an important
diagnostic aid. Together, while the above analysis provides theoretical support to explain this
phenomenon, further experimentation is required to explain the source of these differences and elucidate
the potential role of SAA as a biomarker of these infectious diseases in children.
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Abbreviations
SAA Serum amyloid A; CNS  central nervous system; KD  Kawasaki’s disease; BCB blood-cerebrospinal
�uid barrier; CRP C-reactive protein; PCT procalcitonin; PPD puri�ed protein derivative.

Declarations
Acknowledgement

We thank International Science Editing (http://www.internationalscienceediting.com) for editing this
manuscript.

Funding

None.

Availability of data and materials

Data sharing is not applicable to this article as no datasets were generated or analyzed during the current
study. All data generated or analysed during this study are included in this published article.

Authors’ contributions

HY perception and design; drafting of the article; data analysis; �nal approval of the version to be
published; RH language modi�cation during writing and publishing of the whole article.

Ethics approval and consent to participate

Manuscripts was a retrospective case review, reporting studies without individual person’s details, human
tissue or animals. The data were summarized of the laboratory information system, sorted by EXCEL, and
were checked repeatedly by the author. No patient privacy is involved, so that ethics approval and consent
to participate not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Author details

1. Department of Clinical Lab, Yantai Yuhuangding Hospital, Yantai, Shandong Province, 26400, China, 2.

Foreign Languages School, LuDong University, Yantai, Shandong Province, 26400, China.



Page 6/10

References
1  Mieke DB, Mieke G, Ji MW, Jacques VS, Ghislain O, So�e S, and Jo VD. Structure and expression of

different serum amyloid A (SAA) variants and their concentration-dependent functions during host
insults. Current Medicinal Chemistry, 2016, 23 (17): 1725-
1755.https://pubmed.ncbi.nlm.nih.gov/27087246/

2  Yan Z, Jie Z, Huiming S, Haichuan L, Rongfang W. Acute phase reactant serum amyloid A in
in�ammation and other diseases. Adv Clin Chem(Advances in Clinical Chemistry). 2019, 90: 25-80.
https://pubmed.ncbi.nlm.nih.gov/31122611/

3  Weimin G, Chuanwen L, Patrick MK and Rachel PB. Serum amyloid a is increased in children with
abusive head trauma: a gel-based proteomic analysis. Pediatric Research. 2014, 76 (3): 280-
286.https://pubmed.ncbi.nlm.nih.gov/24941216/

4 Shimetani N, Shimetani K, Mori M. Levels of three in�ammation markers, C-reactive protein, serum
amyloid A protein and procalcitonin, in the serum and cerebrospinal �uid of patients with meningitis.
Scand J Clin Lab Invest. 2001, 61(7):567-574. https://pubmed.ncbi.nlm.nih.gov/11763415/

5 David FD, Pedersen G, Schonheyder HC. Positive blood cultures and diagnosis of bacterial meningitis
in cases with negative culture of cerebrospinal �uid. Scandinavian Journal of Infectious Diseases, 2008;
40: 229-233.https://pubmed.ncbi.nlm.nih.gov/17907046/

6 O'Brien MP, Francis JR, Marr IM, Baird RW.Impact of cerebrospinal �uid multiplex assay on diagnosis
and outcomes of central nervous system infections in children: A before and after cohort study. The
Pediatric Infectious Disease Journal. 2018, 09, 37(9):1-17.https://pubmed.ncbi.nlm.nih.gov/29406468/

7  Anne-Laure P, Yap B, Elizabeth K, Nicolas S, Deborah Na, Céline L, Said A, Dan N, Fabienne N,
Emmanuel B, Rémi C and Juliet MA. Aetiology and outcomes of suspected infections of the central
nervous system in children in Mbarara, Uganda. Science Report. 2017, 7(1): 1-
10.https://pubmed.ncbi.nlm.nih.gov/28578421/

8  Richard AG, Paul DL.Central nervous system infections. Primary Care. 2018, 45(3):1-
14.https://pubmed.ncbi.nlm.nih.gov/30115337/

9  Andrea JZ, Virtoria EB and Karen CB. Central nervous system infections. Microbiology Spectrum.
2016,4(3):1-21.https://pubmed.ncbi.nlm.nih.gov/27337446/

10  Qiong-Ling P, Shao-Hua T, Nan Y, Xi-Zhong Z and Yong-Zheng P, Ning F. Elevated levels of
cerebrospinal �uid S100B are associated with brain injury and unfavorable outcomes in children with
central nervous system infections. International Journal of Neuroscience.2016, 127(1): 1-
9.https://pubmed.ncbi.nlm.nih.gov/26710878/

https://pubmed.ncbi.nlm.nih.gov/27087246/
http://nc.yuntsg.com/show.do?q=31122611&my=1574902828343
https://pubmed.ncbi.nlm.nih.gov/31122611/
http://nc.yuntsg.com/one1.do
https://pubmed.ncbi.nlm.nih.gov/24941216/
https://pubmed.ncbi.nlm.nih.gov/17907046/
https://pubmed.ncbi.nlm.nih.gov/29406468/
https://pubmed.ncbi.nlm.nih.gov/28578421/
https://pubmed.ncbi.nlm.nih.gov/30115337/
https://pubmed.ncbi.nlm.nih.gov/27337446/
https://pubmed.ncbi.nlm.nih.gov/26710878/


Page 7/10

11 Henriette R, Horst S, Tobias T. Enterovirus infections of the central nervous system in children:
An update. The Pediatric Infectious Disease Journal.2016,35(5): 567-
569.https://pubmed.ncbi.nlm.nih.gov/26862675/

12  Kitano N, Suzuki H, Takeuchi T. Patient age and the seasonal pattern of onset of Kawasaki’s
disease. The New England Journal of Medicine. 2018, 378(21):2048-
2049.https://pubmed.ncbi.nlm.nih.gov/29791820/

[13] Shah I. Kawasaki’s disease: An unusual presentation. Journal of Cardiovascular Disease
Research. 2012, 3(3):240-241.https://pubmed.ncbi.nlm.nih.gov/22923945/

14  Rowley AH,Shulman ST.The Epidemiology and Pathogenesis of Kawasaki Disease. Front
Pediatr.2018,6:374.https://pubmed.ncbi.nlm.nih.gov/30619784/

15 Katherine YH C, Nigel C, Nagib D, Remi K, Michael C, David PB. Kawasaki’sdisease and
cardiovascular risk: A comprehensive review of subclinical vascular changes in the longer term. Acta
Paediatr. 2016 Jul;105(7):752-761.https://pubmed.ncbi.nlm.nih.gov/26880292/

16  Shailendra K. Kawasaki’s disease: an often overlooked cause of intestinal pseudo-obstruction in
children.Virchows Arch. 2015, 467:619-620.https://pubmed.ncbi.nlm.nih.gov/26386569/

17 MutterJ, andYeter D. Kawasaki`s disease, acrodynia, and mercury. Current Medicinal Chemistry. 2008,
15:3000-3010.https://pubmed.ncbi.nlm.nih.gov/19075648/

18 Yamaji N, LopesKS, ShodaT,Ishitsuka K,KobayashiT,OtaE, MoriR.TNF- α blockers for the treatment of
Kawasaki disease in children.Cochrane Database of Systematic Reviews. 2019, Issue8:1-
47.https://pubmed.ncbi.nlm.nih.gov/31425625/

19  Edward E, Conway Jr.Pediatric sepsis: A primer for the pediatrician. Pediatric Annals.
2018;47(7):e292-e299.https://pubmed.ncbi.nlm.nih.gov/30001444/

19 McIntosh AM, Tong S, Deakyne SJ, Davidson JA, Scott HF. Validation of the vasoactive-inotropic
score in pediatric sepsis. Pediatric Critical Care Medicine.2017Aug,8(8),750-
757.https://pubmed.ncbi.nlm.nih.gov/28486385/

20 Sack GH Jr.Serum amyloid A - a review. Molecular Medicine. 2018 Aug, 24(1): 46.
https://pubmed.ncbi.nlm.nih.gov/30165816/

21 Simcha US, Patrizia C, Shlomit E, and Yaacov M. Widespread expression of serum amyloid A in
histologically normal human tissues: Predominant localizationto the epithelium. The Journal of
Histochemistry & Cytochemistry. 1998, 46(12):1377- 1384.https://pubmed.ncbi.nlm.nih.gov/9815279/

22 Nigrovic LE. Aseptic meningitis. Handbook of Clinical Neurology. 2013,112:1153-
1156.https://pubmed.ncbi.nlm.nih.gov/23622323/

https://pubmed.ncbi.nlm.nih.gov/?term=Rudolph+H&cauthor_id=26862675
https://pubmed.ncbi.nlm.nih.gov/?term=Schroten+H&cauthor_id=26862675
https://pubmed.ncbi.nlm.nih.gov/?term=Tenenbaum+T&cauthor_id=26862675
https://pubmed.ncbi.nlm.nih.gov/26862675/
https://pubmed.ncbi.nlm.nih.gov/29791820/
https://pubmed.ncbi.nlm.nih.gov/22923945/
https://pubmed.ncbi.nlm.nih.gov/30619784/
https://pubmed.ncbi.nlm.nih.gov/26880292/
https://pubmed.ncbi.nlm.nih.gov/26386569/
https://pubmed.ncbi.nlm.nih.gov/19075648/
https://pubmed.ncbi.nlm.nih.gov/?term=Yamaji+N&cauthor_id=31425625
https://pubmed.ncbi.nlm.nih.gov/?term=da+Silva+Lopes+K&cauthor_id=31425625
https://pubmed.ncbi.nlm.nih.gov/?term=Shoda+T&cauthor_id=31425625
https://pubmed.ncbi.nlm.nih.gov/?term=Ishitsuka+K&cauthor_id=31425625
https://pubmed.ncbi.nlm.nih.gov/?term=Kobayashi+T&cauthor_id=31425625
https://pubmed.ncbi.nlm.nih.gov/?term=Ota+E&cauthor_id=31425625
https://pubmed.ncbi.nlm.nih.gov/?term=Mori+R&cauthor_id=31425625
https://pubmed.ncbi.nlm.nih.gov/31425625/
https://pubmed.ncbi.nlm.nih.gov/30001444/
https://www.ncbi.nlm.nih.gov/pubmed/?term=McIntosh%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=28486385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tong%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28486385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deakyne%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=28486385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davidson%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=28486385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scott%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=28486385
https://pubmed.ncbi.nlm.nih.gov/28486385/
https://pubmed.ncbi.nlm.nih.gov/30165816/
https://pubmed.ncbi.nlm.nih.gov/9815279/
https://pubmed.ncbi.nlm.nih.gov/23622323/


Page 8/10

23 Overturf GD. De�ning bacterial meningitis and other infections of the central nervous system.
Pediatric Critical Care Medicine. 2005 6(3):S14-18.https://pubmed.ncbi.nlm.nih.gov/15857548/

24 Maia D, Stephen YL.Diagnosis and treatment of central nervous system infections in the emergency
department. Emerg Med Clin.2016, 34(4):917-942.https://pubmed.ncbi.nlm.nih.gov/27741995/

25 Dieli F,Friscia G, Di Sano C,Ivanyi J, Singh M, Spallek R,Sireci G, Titone L, and Salerno A.
Sequestration of T lymphocytes to body �uids in tuberculosis: reversal of anergy following
chemotherapy. The Journal of Infectious Diseases.1999,180(1):225-
228.https://pubmed.ncbi.nlm.nih.gov/10353886/

26  Yang H, Yan LH, Yin X, SunY, Zhang LY . False negative results of interferon-γ release assays for two
cases of tuberculous meningitis. Chin J Nosocomiol 2016,26(21):4891-
4893.https://kns.cnki.net/KCMS/detail/detail.aspx

Tables
Table 1. Clinical characteristics of patients in the viral CNS and KD groups

Clinical parameter  CNS group(n=112) KD group(n=116) 2 P

Gender Male 65(58.04) 74(66.07) 1.13 0.34

  Female 47(41.96) 40(35.71)    

Age 1mo- 6(5.36) 28(25.00) 24.47 0.00

  1y- 42(37.50) 52(46.43)    

  5-12y 64(57.14) 34(30.36)    

Length of hospital stay,d 1--3 12(10.71) 5(4.46) 4.50 0.10

  4--7 49(43.75) 45(40.18)    

  7 51(45.54) 64(57.14)    

moderate cases   108(98.21) 112(101.79) 0.72 0.44

critical cases   3(0.89) 2(0.89)    

death cases  1(0.89) 0(0.00)    

 

Table 2. Data distribution of SAA for the three groups
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Levels of SAA (mg/mL) Cases

Viral CNS (% of category KD (% of category

≤ 4.8* 39 (34.82) 6 (5.3)

4.9 ~ 10* 18 (16.07) 6 (5.3)

11 ~ 100 41(36.61) 28 (24.6)

101 ~ 200 8(7.14) 18 (15.8)

201 ~ 320 2(1.79) 27 (23.7)

> 320 4(3.57) 29 (25.4)

Total 112(100) 114 (100.0)

*The serum amyloid A (SAA) normal cases. CNS = viral CNS infection Group; KD = Kawasaki's Disease
group.

Table 3: Kruskal-Wallis H-test pairwise comparisons and frequencies

Groups Median Percentiles H P

25 75

CNS 8.1 4.8 62.9 70.77 0.000

KD 189.8 62.0 320.0

 P values of groups: CNS-KD P = 0.000<0.05,

Signi�cance values have been adjusted with a Bonferroni correction for multiple tests.

 

Table 4: Level group 2 testcross tabulation
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 Groups Total 2 P

CNS KD

Level H† Count 55 102 157 43.40 0.00

%within Group 49.10% 89.47% 69.47%

N† Count 57 12 69

%within Group 50.90% 10.53% 30.53%

Total Count 112 114 226

  %within Group 100.00% 100.00% 100.00%

 †The high-level [serum amyloid A (SAA) > 10 mg/mL] and the normal level (SAA ≤ 10 mg/mL).

Figures

Figure 1

Serum amyloid A (SAA) concentration in the peripheral blood.


