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Abstract

Background: Haemolytic uraemic syndrome (HUS) is a severe syndrome that causes a substantial burden for
patients and their families and is the leading cause of acute kidney injury in children. However, data on the epidemiol-
ogy and disease burden of HUS in Asia, including China, are limited. We aimed to estimate the incidence and cost of
HUS in China.

Methods: Data about HUS from 2012 to 2016 were extracted from the Urban Employee Basic Medical Insurance
(UEBMI) and Urban Resident Basic Medical Insurance (URBMI) databases. All cases were identified by ICD code and
Chinese diagnostic terms. The 2016 national incidence rates were estimated and stratified by sex, age and season. The
associated medical costs were also calculated.

Results: The crude incidence of HUS was 0.66 per 100,000 person-years (95% Cl: 0.35 to 1.06), and the standardized
incidence was 0.57 (0.19 to 1.18). The incidence of HUS in males was slightly higher than that in females. The age
group with the highest incidence of HUS was patients < 1 year old (5.08, 95% Cl: 0.23 to 24.87), and the season with
the highest incidence was autumn, followed by winter. The average cost of HUS was 2.15 thousand US dollars per
patient, which was higher than the national average cost for all inpatients in the same period.

Conclusions: This is the first population-based study on the incidence of HUS in urban China. The age and seasonal
distributions of HUS in urban China are different from those in most developed countries, suggesting a difference in
aetiology.
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Introduction
Haemolytic uraemic syndrome (HUS), which was first
described in the 1950s, is a severe disease. All patients
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Disintegrin And Metalloproteinase with a ThromboS-
pondin type 1 motif, member 13) [1]. Most HUS cases
are caused by Shiga toxin-producing Escherichia coli
(STEC) infections. STEC accounts for 70 to 90% of all
incident cases of paediatric HUS [2]. The remaining HUS
cases are originally diagnosed as “atypical HUS (aHUS)”.
Currently, aHUS is classified as Streptococcus pneu-
moniae-HUS, influenza-HUS, alternative complement
pathway dysregulation-HUS, complement-independent
HUS (Cobalamin C, DGKE or INF2 mutation), HUS with
coexisting disease (transplantation, autoimmune disor-
ders, drugs, malignant hypertension, malignancy/cancer
chemotherapy), and idiopathic HUS (unclear aetiology)
[3, 4]. HUS is the leading cause of acute kidney injury
in children. Although the HUS-related mortality rate in
children in industrialized countries has decreased, 3 to
5% of patients still die during the acute phase of STEC-
HUS, and approximately 12% of these patients progress
to end-stage renal disease (ESRD). Most patients with
aHUS have a poor outcome; up to 50% ~60% of these
patients progress to ESRD or develop irreversible brain
damage, and 25% die during the acute phase of the dis-
ease [5]. In addition, patients with HUS incur high medi-
cal expenses, and the total direct cost was reported to
be 17,553.39 US dollars per patient in 2005 in Argentina
[6]. Since 2011, the treatment of HUS has been revolu-
tionised by the introduction of the anti-C5 monoclonal
antibody eculizumab. More than 80% of aHUS patients
achieved a TMA event-free status after receiving ecu-
lizumab, which is considered a first-line treatment for
complement-mediated HUS in many other countries but
is still not available in China [7].

The annual incidence of STEC-HUS varies by year and
region. Prior to 2000, the overall incidence of STEC-
HUS was estimated to be 2.1 cases per 100,000 persons/
yr, with a peak incidence in children who were younger
than 5 yr (6.1 per 100,000/yr) and the lowest incidence
in adults who were between 50 and 59 yr of age (0.5 per
100,000/yr) [8]. The overall annual rate of notified HUS
in Australia between 2000 and 2010 was 0.07 cases per
100,000 per year [9]. Among patients of all ages, the
annual incidence of aHUS ranges from 0.23 to 1.9 per
million people [10].

Only a few single-centre case series about children with
HUS have been conducted in China, and relevant data
across Asia are also limited. HUS was included in the
Target Rare Diseases List (TRDL) in 2017 and was one of
the top 10 rare diseases with the highest rates of readmis-
sion in China [11]. Because the epidemiology of HUS in
China is unknown, we conducted a retrospective analy-
sis of the epidemiological characteristics and the associ-
ated medical costs based on medical insurance database
records of patients with HUS in China.
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Materials and methods

Data source

There are two main health insurance programs in the
urban areas of China: The Urban Employee Basic Medi-
cal Insurance (UEBMI) for urban working and retired
employees and the Urban Residence Basic Medical
Insurance (URBMI) for urban residents without formal
employment. The data regarding HUS were obtained
from the claims information in these two databases.
Briefly, the insured individuals’ sociodemographic char-
acteristics (age, sex), the International Classification of
Diseases (ICD) code, the names of the major and sec-
ondary disease, and the total medical expenses were
extracted for analysis. The study protocol was approved
by the ethics review committee of the Peking University
Health Science Center, and the need to obtain informed
consent was waived (IRB00001052-18012).

Study population

A retrospective national population-based study in 16
provinces of mainland China was performed from Janu-
ary 1%, 2012, to December 31, 2016 (Supplementary
table 1). Provinces were excluded from this study due
to the following reasons: missing information on ICD
codes or diagnostic terms; reporting policy exemptions;
only one insurance type available; missing information
or abnormal data reporting for crucial information, e.g.,
the primary diagnosis; short history of electronic records
(< five years). The claims data used in this study were all
anonymous.

HUS case identification

We identified potential HUS patients using ICD-9 codes
(283.11, World Health Organization 10, 1999), ICD-10
codes (D59.3, World Health Organization version 2010,
2010) and medical terms in Chinese. Natural language
processing was utilized to standardize the text or codes.
Diagnostic terms for each potential patient were inde-
pendently reviewed by two clinical experts to confirm the
diagnosis. If the diagnostic terms contained words like
“undetermined’;, “uncertainty’;, “?’, “possible’, and “sus-
picious’, the patients were excluded; we only included
patients with both ICD codes and Chinese terms. The
flowchart is shown in Fig. 1. To further assess the impact
of TMA on the results, we also extracted the potential
TMA patients for the post hoc analysis using the diag-
nostic terms and ICD code (M31.1).

Statistical analysis

All patients with STEC-HUS should undergo 2 to 5 years
of follow-up to detect late-emerging sequelae, [12] and
many patients with aHUS appear to have a life-long risk
of recurrence [3]. We estimated the national incidence in
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China’s Urban population in 2016
(# of individuals = 790 million)

Excluding data:

1. Individuals without UEBMI or URBMI;

2. Missing information on ICD codes or diagnostic terms;

3. Reporting policy exemptions;

4. Only one insurance type available;

5. Missing information or abnormal data reporting for crucial information

Extracted all potential records of HUS patients
(# of individuals = 370 million, # of records = 366,765 , # of unique patients = 1,950)

Cosine similarity were calculated based on
natural language processing techniques

Diagnostic records with cosine similarity<0.4*
(n=362,036)

J Reviewed by two clinical experts independently

Diagnostic records with cosine similarity>0.4
(n=4,729)

2.D59.3

Cosine similarity<0.2
randomly select 200 records

Cosine similarity>0.2
randomly select 200 records

Including diagnosis text/code :
1. Hemolytic uremic syndrome

3. Only included patients with both ICD

Excluding diagnosis text/code :

. Diagnostic terms contained words like
“undetermined”, “uncertainty”, “?”,
“possible”, and “suspicious”

for verification for verification

None records were related to HUS

Fig. 1 The flowchart of HUS case ascertainment

codes and Chinese terms 2. Only have the ICD code or Chinese terms
Diagnostic records of Diagnostic records Diagnostic records
uncertain diagnosis confirmed as HUS confirmed as non-HUS

(n=464,9.81%)

Note: Theoretically, if the cosine is less than 0.4, corresponding records were regarded as not related to HUS and discarded. However, a

total of 400 records (>0.1%) were randomly selected for verification to ensure that no HUS diagnosis records were missed.

(n=4,139,87.52% ) (n=126,2.67% )

Records / patients confirmed as HUS
( #of records = 4,139, # of unique patients = 1,060)

only 2016 by setting up a four-year wash-out period (the
longest period in our database) to reduce the impacts of
prevalent HUS cases. The incidence estimate was also
stratified by sex and age.

Incidences were calculated using a two-stage approach.
First, we calculated the incidence in each province. The
method was as follows: the denominator (N) used to cal-
culate the annual incidence of HUS was the total num-
ber of patients in both the UEBMI and URBMI in each
province during a given year. The numerator (M) was
the estimated number of patients with HUS in the pop-
ulation used in the denominator in each province, with
consideration of the issue of missing diagnostic values.
In detail, the total enrolled population in each province
was separated into three groups: subjects with no records
of medical claims (N;), subjects with complete diagnos-
tic information in the claims records (N,), and subjects
with claim records but with missing diagnostic informa-
tion (N3). The patients with incident HUS (M) belonged
to N, However, N; actually contained a certain number

of patients with incident HUS (AM,). Thus, we adopted
a method based on Poisson regression to estimate M,.
Then, a random-effects meta-analysis was used to pool
the province-specific estimates to calculate the national
average estimates. At this stage, the variance in the prov-
ince-specific estimates was stabilized with the Freeman-
Tukey double arcsine transformation [13].

The incidence was expressed per 100,000 person-years
at risk. In addition, 95% confidence intervals (Cls) were
also calculated assuming a Poisson distribution. Age-
standardized rates were estimated using the Chinese
2010 census data as the standard population. Sensitivity
analyses were conducted to assess the robustness of the
results: (1) including only observed cases to assess the
lower bounds of the rates and (2) excluding the top 10%
of provinces with missing diagnostic information. We
also calculated HUS-associated total costs per patient
per year. Costs were discounted by consumer price index
(CPI) in each year to 2016 and converted into US dol-
lars based on the 2016 RMB to US dollar exchange rate
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(period average). The CPI and exchange rate were from
the 2017 China statistical yearbook. Student’s t-test for
continuous variables and the chi-square test for categori-
cal variables were used for comparisons. All statistical
analyses were conducted with Stata version 15.0, and
2-sided tests with P<0.05 were considered statistically
significant.

Results

A total of 0.37 billion residents in 16 provinces were
included in this study (Supplementary table 2). In addi-
tion, 1,060 patients received a confirmed diagnosis of
HUS from 2012 to 2016, with a male to female ratio of
1.36:1. Most of the patients were Han Chinese (1001,
94.43%), with a disease onset in autumn and winter
(606, 57.17%). In addition, the mean age (SD) of the
total patients was 49.65 (15.82) and for male and female
patients with HUS were 49.98 (15.66) and 49.21 (16.03)
years, respectively (Table 1). Approximately 100 patients
were diagnosed with TMA during the 5-year period.

Table 1 Selected characteristic of HUS patients grouped by sex
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HUS incidence

The national incidence of HUS was 0.66 cases per
100,000 person-years (95% CI:0.35-1.06) in 2016. Stand-
ardized to the Chinese 2010 census population, the
total adjusted incidence rate for HUS was 0.57 cases per
100,000 person-years (95% CI: 0.19-1.18). The incidence
rate for males was 0.68 cases per 100,000 person-years
(95% CI: 0.36 to 1.11), which was slightly higher than that
of females (0.58 cases per 100,000 person-years, 95% CI:
0.29 to 0.99). The highest incidence occurred in patients
younger than 1 year old (5.08 cases per 100,000 person-
years, 95% CI, 0.23-24.87) and the lowest incidence was
approximately 0.10 cases per 100,000 person-years (95%
CI: 0.03-0.20), which was observed in the 12 to 17-year-
old group. Meanwhile, the incidences in patients younger
than 5 years old, 15 years old and 18 years old were 0.38
cases per 100,000 person-years (95% CI: 0.13 to 0.75),
0.35 cases per 100,000 person-years (95% CI: 0.13 to
0.66) and 0.29 cases per 100,000 person-years (95% CI:
0.09 to 0.51), respectively. The incidence was the highest
in autumn (0.87 cases per 100,000 person-years, 95% CI:

Total Male Female Comparison between sex
Statistics Pvalue
Number 1060 610 450
Age,y -0.782° 0217
Median age (Q,s, Q;s) 50(39,61) 50 (40,61) 49 (39,61)
Mean (SD) 49.65 (15.82) 49.98 (15.66) 49.21 (16.03)
Age group, n (%) 9.926P 045
<1 5(047) 2(033) 3(0.67)
1~5 5(047) 4(0.66) 1(0.22)
6~11 7 (0.66) 4(0.66) 3(0.67)
2~17 3(0.28) 2(033) 1(0.67)
18~29 94 (8.87) 49 (8.03) 45 (10.00)
30~39 62 (15.28) 89 (14.59) 73 (16.22)
40~49 250 (23.58) 143 (23.44) 107 (23.78)
50~59 242 (23.83) 149 (24.43) 93 (20.67)
60~69 78(16.79) 99 (16.23) 9(17.56)
70~79 94 (8.87) 61 (10.00) 33(7.33)
> =80 20(1.89) 8(1.31) 2(2.67)
Ethnicity, n (%) 6.040° 0.05
Han 1001 (94.43) 585 (95.90) 416 (92.44)
Other 59 (5.57) 25(4.10) 34 (7.56)
Season, n (%) 2.189° 053
Spring 89 (17.83) 102 (16.72) 87(19.33)
Summer 265 (25.00) 159 (26.07) 106 (23.56)
Autumn 277 (26.13) 164 (26.89) 113 (25.11)
Winter 329 (31.04) 185 (30.33) 144 (32.00)

2 Student’s t-test

b Chi-square test
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Table 2 Crude incidence of HUS grouped by sex, age-group and
season (units: cases/100,000 person-years)

Groups Incidence
Total 0.66 (0.35,1.06)
Sex Male 0.68(0.36,1.11)
Female 0.58 (0. 29099)
Age group <1 5.08 (0.23,24.87)
1~5 047 (0.15,0.97)
6~11 023(00704)
12~17 0(0.03,0.20)
18~29 0.60 (0.29,1.02)
30~39 0.63 (0.29,1.09)
40~49 047 (0.0 080)
50~59 1(0.21,0.93)
60~69 0.65 (0.25,1.22)
70~79 81(0.30,1.56)
> =80 1.05 (0.42,1.95)
<5 038(013075)
<15 0.35(0.13,0.66)
<18 0.29 (0.09,0.57)
Season Spring 0.58(0.26,1.02)
Summer 0.58 (0. 29096)
Autumn 0.87(0.48,1.37)
Winter 0.74 (0.33,1.32)

0.48 to 1.37), followed by winter (0.74 cases per 100,000
person-years, 95% CI: 0.33 to 1.32) (Table 2).

Costs of HUS
The average total cost per patient over the study period
was 2.15 thousand US dollars. The total cost per patient
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per year first decreased from 4.16 thousand US dollars
in 2012 to 1.41 thousand US dollars in 2015 and then
increased. By 2016, it was 2.15 thousand US dollars,
which was close to the value in 2014 (shown in Fig. 2).

Sensitivity analysis

Considering only observed cases, the lower bound of
the national incidence was 0.30 cases per 100,000 per-
son-years (95% CI 0.19-0.43). The results calculated
by excluding the top 10% of provinces (Shandong and
Jiangxi) with missing diagnostic information was 0.50
cases per 100,000 person-years (95% CI 0.27-0.81),
which was similar to the main results reported above.

Discussion

In this large population-based study, we used a nation-
ally representative database to calculate the incidence
of HUS in China for the first time. The incidence rate
of HUS was 0.66 cases per 100,000 person-years, with a
peak incidence in children younger than 1 year old (5.08
cases per 100,000 person-years), and the incidence in
males was slightly higher than that in females. The season
with the highest incidence of HUS was autumn (0.9 cases
per 100,000 person-years). It is also worth noting that the
average total cost per patient was 2.15 thousand US dol-
lars, and the large population base resulted in a large total
cost.

A wide range of incidences (ranging from 0.07 to
10.5 cases per 100,000 person-years) of HUS have been
reported in many countries, depending on the diagnostic
criteria and populations studied [9, 14]. The incidence of
HUS is positively correlated with the incidence of STEC
infections, as STEC infection was reported to be the

() %) ~ wn
L L ;

Total cost per patient per year, (thousand US dollar)

o

2012 2013

Fig. 2 Medical expenses incurred by HUS patients in China from 2012 to 2016

2014
Year

2015 2016
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most common cause of HUS [8]. For instance, Argentina
has one of the highest incidence rates of STEC and HUS
in the world [14], while the incidence of HUS is much
lower in Australia, where STEC outbreaks appear to less
common than in many other countries [9]. The incidence
rate in China is within the reported range and lower
than that previously reported in Western countries [8].
The possible reasons for this observation are also related
to the low incidence of STEC. First, our estimation of the
incidence of HUS was extrapolated from the Urban Med-
ical Insurance databases. There are some studies indi-
cating that urban residents have a lower prevalence of
STEC-HUS than rural residents [2, 15]. Cows, which are
a reservoir of STEC, are much rarer in urban areas [16].
Second, with improvements in environmental hygiene,
the incidence rate of STEC infection and STEC-HUS
have decreased [17, 18]. Third, some authors have also
reported that a higher socioeconomic status is associated
with a higher risk of developing STEC-related disease
and HUS, but the mechanism remains unclear [19, 20]. In
addition, the genetic background plays a role in the sus-
ceptibility and severity of HUS. Some studies have shown
differences in the genetic predisposition for the develop-
ment HUS between black and white populations [2, 21].
However, the genetic predisposition for developing HUS
in Asian populations is unknown, as there have been few
large-scale epidemiological studies. Nevertheless, the
mutations in completement factor H (CFH) and factor B
(CFB) observed in aHUS patients are different between
Asian and European populations, 0%~ 17% vs. 20% ~ 30%
and 3.4% ~ 18% vs. 1% ~ 4%, respectively [22, 23].

Consistent with previous studies, there was no signifi-
cant sex difference [24, 25]. The 2016 incidence among
children was 0.29 per 100,000, which is close to that in
the United States in the same year (0.51 per 100,000)
[18], while the peak age of onset in China is different
from that in Western countries. In our study, the inci-
dence rate was highest in children<1 year of age (5.08
per 100,000 person-years). However, some previous
reports from Europe and North America showed that
the incidence rate was highest in children <5 years of age
(1.57 to 3 per 100,000 person-years, which is similar to
the age-specific incidence pattern of STEC [24, 26]. We
hypothesized that the higher incidence among Chinese
infants may be attributable to genetic susceptibility, as
hereditary aHUS must be considered in patients with a
very young age of onset [22, 27-29]. In addition, some
studies have shown that Streptococcus pneumoniae is the
main cause of HUS in Chinese children (accounting for
60% ~ 100% of the cases), rather than STEC [30, 31]. This
may be due to the lower pneumonia vaccination rates,
and higher population density in China. However, these
hypotheses require future investigation.
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The peak incidence of HUS in our study occurred in
autumn (0.9 cases per 100,000 person-years), followed
by winter (0.7 cases per 100,000 person-years). How-
ever, the peak incidence in Western countries occurs in
summer, which is also the peak period of STEC infec-
tions [2]. This significant seasonal difference also sug-
gests that the proportion of STEC-HUS in urban China
may be lower than that previously reported by studies
conducted in Western countries, possibly owing to the
relatively lower STEC infection rate in urban areas [15],
genetic susceptibility, and regional background [21]. The
difference in high-incidence seasons also needs to be
further studied.

The total cost per patient per year was 2.15 thou-
sand US dollars, which was higher than the national
average annual medical care cost for urban residents
(250 US dollars per patient). This may be mainly
due to the high cost of some essential treatments
for HUS. For example, the cost of a single plasma
exchange or continuous renal replacement therapy
(CRRT) session in China is approximately 1.50 thou-
sand US dollars, and some HUS patients may need to
receive multiple treatments to recover [1]. Further-
more, eculizumab, an anti-C5 antibody that is now
considered a first-line treatment of HUS, is more
expensive and may impose a significant economic
burden on the China’s medical insurance system after
its introduction in the near future. Therefore, it is
critical to promote guideline-recommended therapy
to improve prognosis and minimize the economic
burden.

This study used a large nationally-representative sam-
ple of the Chinese mainland population, providing good
estimates of the incidence and costs of HUS. However,
the use of a medical insurance database still results in
certain limitations. First, our data were extracted from
urban populations. As STEC infections are more com-
mon in rural areas [2, 15], we may have underestimated
the annual incidence of STEC-HUS in China. Second,
HUS is a rare disease. The incidence rates of HUS in hos-
pitals lacking diagnostic capabilities are probably under-
estimated. Some HUS patients may be diagnosed with
TMA because of the inability to test for ADAMTS13.
However, only approximately 100 patients were diag-
nosed with TMA during the 5-year period of this study.
Compared with the 1060 patients who had a confirmed
diagnosis of HUS, these 100 patients would not have had
a substantial impact on the results. Last, the exact causes
of HUS in China are still not known due to the limited
availability of the relevant information. In particular, due
to the unavailability of stool test results, we were unable
to determine the exact proportion of patients with STEC-
HUS infection in our study.
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Conclusion

In conclusion, this is the first population-based study of
the incidence of HUS in urban China. Given the burden
HUS imposes on patients and the medical insurance sys-
tem, our investigation is of considerable importance for
health care providers in China. In addition, our research
also suggests that the aetiological structure of HUS in
urban areas of China may be different from previous
reports in some Western countries. To develop better
preventive measures and treatments, such as vaccination
against Streptococcus pneumoniae, appropriate antibiotic
treatment and treatment with complement inhibitors,
a national surveillance system and large-scale, detailed
reports on HUS are needed.

Abbreviations

HUS: Haemolytic Uraemic Syndrome; UEBMI: Urban Employee Basic Medical
Insurance; URBMI: Urban Resident Basic Medical Insurance; ICD: International
Classification of Diseases; Cl: Confidence Interval; SD: Standard Deviation; CPI:
Consumer Price Index; STEC: Shiga Toxin-producing E. coli; ESRD: End-Stage
Renal Disease; CRRT: Continuous Renal Replacement Therapy; CFH: Comple-
ment Factor H; CFB: Complement Factor B; TMA: Thrombotic Microangiopa-
thies; ADAMTS13: A Disintegrin and Metalloproteinase with a ThromboSpon-
din type 1 motif, member 13; DGKE: Diacylglycerol Kinase €; TTP: Thrombotic
Thrombocytopenic Purpura.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512882-022-02746-2.

Additional file 1: Supplementary table 1. Sixteen provinces in China
were included in this research. Supplementary table 2. Basic character-
istics of the populations in 16 provinces in China in 2016.

Acknowledgements
Not applicable.

Authors’ contributions

Zhan had full access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. Concept and
design: Zhan, Ding, Shengfeng Wang. Drafting of the manuscript: Feng, Ke Xu.
Critical revision of the manuscript for important intellectual content: Zhan,
Ding, Shengfeng Wang. Provision of study material or patients: Jinxi Wang,
Feng. Collection and assembly of data: Jinxi Wang, Guozhen Liu, Feng, Lu

Xu, Lili Liu. Checking and approval of the clinical definitions: Ke Xu, Shi, Fang
Wang, Zhong, Ding. Data analysis: Feng. Data interpretation: Shengfeng Wang,
Ding, Ke Xu, Feng, Gao, Zhan. Funding: Zhan, Ding, Shengfeng Wang. Admin-
istrative, technical, or material support: Ding, Ke Xu, Shi, Fang Wang, Zhong.
Supervision: Zhan, Ding, Shengfeng Wang. All author(s) read and approved
the final manuscript.

Funding

This work was supported by National Natural Science Foundation of China
(grants 81973146 and 81502884), the National Key Research and Develop-
ment Program of China (No. 2016YFC0901505), and the Beijing Key Laboratory
of the Molecular Diagnosis and Study of Paediatric Genetic Diseases (8Z0317).

Availability of data and materials

Summarized health data on HUS can be accessed by contacting the National
Insurance Claims for Epidemiological Research (NICER) Group, School of Public
Health, Peking University. Contact email: 0016163159@bjmu.edu.cn.

Page 7 of 8

Declarations

Ethics approval and consent to participate

The study protocol and method were consistent with the ethical principles
of the Helsinki Declaration and approved by the ethics review committee of
the Peking University Health Science Center, and the need to obtain informed
consent was waived (IRB00001052-18012).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Epidemiology and Biostatistics, School of Public Health,
Peking University Health Science Center, Haidian District, No.38, Xueyuan
Rd, Beijing, China. 2Department of Pediatric, Peking University First Hospital,
No.1 Xi An Men Da Jie, Beijing, China. *Peking University Health Information
Technology Co. Ltd, Beijing, China. “Shanghai Songsheng Business Consult-
ing Co. LTD, Beijing, China. °Research Center of Clinical Epidemiology, Peking
University Third Hospital, Beijing, China.

Received: 13 September 2021 Accepted: 14 March 2022
Published online: 30 March 2022

References

1. Loirat C, Fakhouri F, Ariceta G, Besbas N, Bitzan M, Bjerre A, et al. An inter-
national consensus approach to the management of atypical hemolytic
uremic syndrome in children. Pediatr Nephrol. 2016;31(1):15-39. https://
doi.org/10.1007/500467-015-3076-8.

2. Tarr Pl, Gordon CA, Chandler WL. Shiga-toxin-producing Escherichia coli
and haemolytic uraemic syndrome. Lancet. 2005;365(9464):1073-86.
https://doi.org/10.1016/50140-6736(05)71144-2.

3. Goodship TH, Cook HT, Fakhouri F, Fervenza FC, Frémeaux-BacchiV,
Kavanagh D, et al. Atypical hemolytic uremic syndrome and C3 glomeru-
lopathy: conclusions from a “Kidney Disease: Improving Global Out-
comes” (KDIGO) Controversies Conference. Kidney Int. 2017,91(3):539-51.
https://doi.org/10.1016/j.kint.2016.10.005.

4. Lemaire M, Noone D, Lapeyraque AL, Licht C, Frémeaux-Bacchi V. Inher-
ited kidney complement diseases. Clin J Am Soc Nephrol. 2021;16(6):.942—
56. https://doi.org/10.2215/cjn.11830720.

5. Noris M, Remuzzi G. Hemolytic uremic syndrome. J Am Soc Nephrol.
2005;16(4):1035-50. https://doi.org/10.1681/asn.2004100861.

6. Caletti MG, Petetta D, Jaitt M, Casaliba S, Gimenez A. Hemolytic uremic

syndrome (HUS): medical and social costs of treatment. Medicina.

2006,66(Suppl 3):22-6.

Legendre CM, Licht C, Muus P, Greenbaum LA, Babu S, Bedrosian C, et al.

Terminal complement inhibitor eculizumab in atypical hemolytic-uremic

syndrome. N Engl J Med. 2013;368(23):2169-81. https://doi.org/10.1056/

NEJMoa1208981.

Ruggenenti P, Noris M, Remuzzi G. Thrombotic microangiopathy, hemo-

lytic uremic syndrome, and thrombotic thrombocytopenic purpura.

Kidney Int. 2001;60(3):831-46. https://doi.org/10.1046/j.1523-1755.2001.

060003831 .x.

9. Vally H, Hall G, Dyda A, Raupach J, Knope K, Combs B, et al. Epidemiology
of shiga toxin producing escherichia coli in Australia, 2000-2010. BMC
Public Health. 2012;12:63. https://doi.org/10.1186/1471-2458-12-63.

10. Yan K, Desai K, Gullapalli L, Druyts E, Balijepalli C. Epidemiology of atypical
hemolytic uremic syndrome: a systematic literature review. Clin Epide-
miol. 2020;12:295-305. https://doi.org/10.2147/CLEPS245642.

11. Shi XM, Liu H, Wang L, Wang ZX, Dong CY, Wang YF, et al. Study on the
current situation of China’s first list of rare diseases based on 15 million
hospitalizations. Zhonghua Yi Xue Za Zhi. 2018;98(40):3274-8. https://doi.
0rg/10.3760/cma.j.issn.0376-2491.2018.40.012.

12. Rosales A, Hofer J, Zimmerhackl LB, Jungraithmayr TC, Riedl M, Giner T,
et al. Need for long-term follow-up in enterohemorrhagic Escherichia

~


https://doi.org/10.1186/s12882-022-02746-2
https://doi.org/10.1186/s12882-022-02746-2
https://doi.org/10.1007/s00467-015-3076-8
https://doi.org/10.1007/s00467-015-3076-8
https://doi.org/10.1016/s0140-6736(05)71144-2
https://doi.org/10.1016/j.kint.2016.10.005
https://doi.org/10.2215/cjn.11830720
https://doi.org/10.1681/asn.2004100861
https://doi.org/10.1056/NEJMoa1208981
https://doi.org/10.1056/NEJMoa1208981
https://doi.org/10.1046/j.1523-1755.2001.060003831.x
https://doi.org/10.1046/j.1523-1755.2001.060003831.x
https://doi.org/10.1186/1471-2458-12-63
https://doi.org/10.2147/CLEP.S245642
https://doi.org/10.3760/cma.j.issn.0376-2491.2018.40.012
https://doi.org/10.3760/cma.j.issn.0376-2491.2018.40.012

Feng et al. BMC Nephrology

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2022) 23:122

coli-associated hemolytic uremic syndrome due to late-emerging
sequelae. Clin Infect Dis. 2012,54(10):1413-21. https://doi.org/10.1093/cid/
cis196.

Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of preva-
lence. J Epidemiol Community Health. 2013;67(11):974-8. https://doi.org/
10.1136/jech-2013-203104.

Torti JF, Cuervo P, Nardello A, Pizarro M. Epidemiology and characteri-
zation of shiga toxin-producing escherichia coli of hemolytic uremic
syndrome in Argentina. Cureus. 2021;13(8): €17213. https://doi.org/10.
7759/cureus.17213.

Haack JP, Jelacic S, Besser TE, Weinberger E, Kirk DJ, McKee GL, et al.
Escherichia coli 0157 exposure in wyoming and seattle: serologic evi-
dence of rural risk. Emerg Infect Dis. 2003;9(10):1226-31. https://doi.org/
10.3201/€id0910.020254.

Crump JA, Sulka AC, Langer AJ, Schaben C, Crielly AS, Gage R, et al. An
outbreak of Escherichia coli O157:H7 infections among visitors to a dairy
farm. N Engl J Med. 2002;347(8):555-60. https://doi.org/10.1056/NEJMo
a020524.

Karimi M, Sabzi A, Peyvandi F, Mannucci PM. Changing epidemiology

of the hemolytic uremic syndrome and thrombotic thrombocytopenic
purpura in southern Iran. Journal of thrombosis and haemostasis : JTH.
2006;4(3):701-2. https://doi.org/10.1111/}.1538-7836.2006.01807 x.
Marder Mph EP, Griffin PM, Cieslak PR, Dunn J, Hurd S, Jervis R, et al.
Preliminary incidence and trends of infections with pathogens transmit-
ted commonly through food - foodborne diseases active surveillance
network, 10 U.S. Sites, 2006-2017. MMWR Morb Mortal Wkly Rep.
2018;67(11):324-8.

Quinlan JJ. Foodborne iliness incidence rates and food safety risks for
populations of low socioeconomic status and minority race/ethnicity: a
review of the literature. Int J Environ Res Public Health. 2013;10(8):3634—
52. https://doi.org/10.3390/ijerph10083634.

Whitney BM, Mainero C, Humes E, Hurd S, Niccolai L, Hadler JL.
Socioeconomic status and foodborne pathogens in connecticut, USA,
2000-2011(1). Emerg Infect Dis. 2015;21(9):1617-24. https://doi.org/10.
3201/eid2109.150277.

Sheth KJ, Gill JC, Havens PL, Leichter HE. Racial incidence of hemolytic-
uremic syndrome. Pediatr Nephrol. 1995;9(3):401. https://doi.org/10.
1007/bf02254233.

Wang CY, Shen Q, Sun L, Li GM, Wu BB, Xu H. Analysis of genotype-
phenotype correlation in 14 patients with atypical hemolytic uremic
syndrome. Chinese Journal of Evidence-Based Pediatrics. 2017;12(1):54-9.
Lee JM, Park YS, Lee JH, Park SJ, Shin JI, Park YH, et al. Atypical hemolytic
uremic syndrome: Korean pediatric series. Pediatr Int. 2015;57(3):431-8.
https://doi.org/10.1111/ped.12549.

Frank C, Werber D, Cramer JP, Askar M, Faber M, an der Heiden, et al.
Epidemic profile of Shiga-toxin-producing Escherichia coli O104:H4
outbreak in Germany. N Engl J Med. 2011,365(19):1771-80. https://doi.
org/10.1056/NEJMoa1106483.

Miller DP, Kaye JA, Shea K, Ziyadeh N, Cali C, Black C, et al. Incidence of
thrombotic thrombocytopenic purpura/hemolytic uremic syndrome.
Epidemiology. 2004;15(2):208-15. https://doi.org/10.1097/01.ede.00001
13273.14807.53.

Ardissino G, Salardi S, Colombo E, Testa S, Borsa-Ghiringhelli N, Paglia-
longa F, et al. Epidemiology of haemolytic uremic syndrome in children.
Data from the North Italian HUS network. Eur J Pediatr. 2016;175(4):465-
73. https://doi.org/10.1007/500431-015-2642-1.

Sellier-Leclerc AL, Fremeaux-BacchiV, Dragon-Durey MA, Macher MA,
Niaudet P, Guest G, et al. Differential impact of complement mutations on
clinical characteristics in atypical hemolytic uremic syndrome. J Am Soc
Nephrol. 2007;18(8):2392-400. https://doi.org/10.1681/asn.2006080811.
Pediatric Blood Purification Specialist Commite of Pediatric Association
in Chinese Medical Doctor Association. A multi-center epidemiologi-

cal investigation on therapeutic plasma exchange for the children with
hemolytic uremic syndrome. Chin J Appl Clin Pediatr. 2018;33(13):1022-7.
LiJ, SongY, Zhang Y, Li H, Tian M, Li D, et al. A novel compound heterozy-
gous mutation in DGKE in a Chinese patient causes atypical hemolytic
uremic syndrome. Hematol (Amsterdam, Netherlands). 2020;25(1):101-7.
https://doi.org/10.1080/16078454.2020.1731969.

So CC, Leung YY, Yip SF, Chan SY, Lam CC, Chan GC, et al. Common
association of haemolytic uraemic syndrome with invasive Streptococcus

Page 8 of 8

pneumoniae infection in five Chinese paediatric patients. Hong Kong
Med J = Xianggang vi xue za zhi. 2011;17(3):237-41.

31. Lee CS, Chen MJ, Chiou YH, Shen CF, Wu CY, Chiou YY. Invasive pneumo-
coccal pneumonia is the major cause of paediatric haemolytic-uraemic
syndrome in Taiwan. Nephrol (Carlton). 2012;17(1):48-52. https://doi.org/
10.1111/j.1440-1797.2011.01500.X.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1093/cid/cis196
https://doi.org/10.1093/cid/cis196
https://doi.org/10.1136/jech-2013-203104
https://doi.org/10.1136/jech-2013-203104
https://doi.org/10.7759/cureus.17213
https://doi.org/10.7759/cureus.17213
https://doi.org/10.3201/eid0910.020254
https://doi.org/10.3201/eid0910.020254
https://doi.org/10.1056/NEJMoa020524
https://doi.org/10.1056/NEJMoa020524
https://doi.org/10.1111/j.1538-7836.2006.01807.x
https://doi.org/10.3390/ijerph10083634
https://doi.org/10.3201/eid2109.150277
https://doi.org/10.3201/eid2109.150277
https://doi.org/10.1007/bf02254233
https://doi.org/10.1007/bf02254233
https://doi.org/10.1111/ped.12549
https://doi.org/10.1056/NEJMoa1106483
https://doi.org/10.1056/NEJMoa1106483
https://doi.org/10.1097/01.ede.0000113273.14807.53
https://doi.org/10.1097/01.ede.0000113273.14807.53
https://doi.org/10.1007/s00431-015-2642-1
https://doi.org/10.1681/asn.2006080811
https://doi.org/10.1080/16078454.2020.1731969
https://doi.org/10.1111/j.1440-1797.2011.01500.x
https://doi.org/10.1111/j.1440-1797.2011.01500.x

	Incidence and cost of haemolytic uraemic syndrome in urban China: a national population-based analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Data source
	Study population
	HUS case identification
	Statistical analysis

	Results
	HUS incidence
	Costs of HUS
	Sensitivity analysis


	Discussion
	Conclusion
	Acknowledgements
	References


