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Abstract

Background: Rare diseases impose heavy economic burdens on patients’ families and society worldwide. This study has used the

samples from Sichuan Province of China to estimate the curative care expenditure(CCE) of ten rare diseases to provide reference

and support for the prioritization of rare disease health policies.

Methods: The multi-stage cluster sampling method was adopted to conduct a survey of 9714 rare disease patients from 1,556

medical institutions in Sichuan Province in 2018. Based on System of Health Accounts 2011, the study estimated the total curative

care expenditure on rare diseases and identified financing sources and their allocation among different health institutions and the

patient population.

Results: In 2018, the total CCE of the ten rare diseases in Sichuan Province was 19.001 million US dollars; the top three rare

diseases in terms of CCE were Hemophilia ($4.3786 million), Young-onset Parkinson Disease ($2.9627 million) , and Systemic
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Sclerosis ($2.4457 million); household out-of-pocket expenditure (86.00% for outpatients, 41.60% for inpatients) and social

health insurance (7.85% for outpatients; 39.58% for inpatients) were the main sources of financing. The out-of-pocket

expenditures for patients with Young-onset Parkinson Disease, Congenital Scoliosis, Autoimmune accounted for more than 60%

of the total CCE. More than 80% of the rare disease CCE was incurred in general hospitals. The 40-59 age group consumed the

highest percentage of CCE (38.70%) while men spent slightly more (55.37%) than women (44.64%).

Conclusions: Since rare disease treatment is costly and household out-of-pocket expenditure is high, we suggest taking steps to

include rare disease drugs in the National Reimbursement Drug List, scientifically design insurance coverage range. It is also

necessary to explore a multi-tiered Healthcare Security System to pay for the CCE of rare diseases and to reduce the economic

burdens of patients.

Keywords: Rare diseases, Curative care expenditure, SHA2011, Healthcare security system

Introduction

Rare diseases refer to diseases that have a low prevalence rate and are extremely rare. As defined by the World Health

Organization (WHO), a disease is considered to be rare when the number of affected patients accounts for 0.65‰-1‰ of the total

population [1]. The definition of rare disease differs among countries, and there is no implicit official definition for rare disease in

China [2-4]. In 2018, China issued the Catalog of the First Group of Rare Diseases, which included 121 rare diseases including

Systemic Sclerosis (SSc) and Young-onset Parkinson Disease (YOPD)[5].

There are currently 6000-8000 internationally acknowledged rare diseases, which account for about 10% of human diseases

and affect approximately 475 million people. Eighty percent of the rare diseases are genetic, and fifty percent of which start in

childhood. However, only 5% of them have treatment methods[6,7]. Since rare diseases are serious and difficult to diagnose and

treat, most of them affect all the systems and organs in the human body, which can easily result in disability, mental disorders,

deteriorated quality of life, and even death, causing extremely heavy burdens on patient's families and the society while posing

immense challenges to the construction and improvement of the global public health service system [8-10]. Researches have
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shown that the annual curative care expenditure(CCE) of Hemophilia in the United States is US$80,811-632,088; European

patients with Multiple Sclerosis (MS) spend an average of US$47,888 per year on curative care [11,12]; in Australia, CCE for rare

diseases accounts for 4.60%-10.50% of the total inpatients’ curative care expenditure, equivalent to that of diabetes or asthma in

2010[13]. Rare disease CCE accounted for 4.30% of the total inpatient expenditures in Hongkong in 2016[14]; Researchers in

Taiwan found that health expenditures for patients with rare diseases grew sharply from US$18.65million in 2003 to

US$137million US dollars in 2014[15].

As a huge country with a population of 1.411 billion, rare diseases are, indeed, not rare in China. It is estimated that there are

at least 20 million rare disease patients in China, which is the largest population of rare disease patients in the world [16]. The

huge number of rare disease patients will inevitably result in more economic burdens and a series of social problems [17]. In this

background, a large number of studies have been carried out in China to respond to the challenges of rare diseases; to the best of

our knowledge, most of the prior researches focused on prevention and clinical research while relatively few studies involved

curative care expenditures and medical insurance system payment information of rare diseases[18]. A lack of information will

make it hard to measure the overall disease burden of rare diseases in China. Hence, there is an urgent need to establish an

expenditure calculation framework that can help to accurately estimate the CCE of rare diseases in China and enable international

comparative studies.

The System of Health Accounts 2011 is considered to be the global standard framework for national health accounts and has

been widely adopted by the European Union, member states of the Economic Cooperation Organization, and other countries [19].

Application of this system in research on rare diseases can not only help in the understanding of the CCE financing sources and its

distribution among health care service providers of rare disease CCE but also provide information about health spending by

beneficiary characteristics. We used the samples from Sichuan Province, which has a medium level of economic and medical

development in China to calculate the CCE of the top ten high costing rare diseases in Sichuan Province. The research results are

expected to provide references for policy making concerning the effective control of rare diseases and rational allocation of
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medical resources in order to reduce the economic burdens of patients and protect their rights.

Methods

Data sources

The official statistical data was obtained from the Sichuan Province Statistical Yearbook (2018), Sichuan Health Financial

Statistical Yearbook(2018), and Sichuan Health Statistical Yearbook(2018). Most of the medical expenditures were indexed from

Hospital Information System form from 1,556 hospitals in Sichuan Province.

Study sample

Amulti-stage stratified sampling method was used to collect samples. The first stage was to choose sample cities. Based on

the economic development level, population size, geographic location in Sichuan Province, seven cities including Chengdu,

Mianyang, Meishan, Guang'an, Zigong, Yibin, and Liangshan Zhou were selected. In stage two, four districts or counties were

selected from the sample cities and four to six communities and towns were selected as sample regions. In stage three, public

health institutions and medical institutions were randomly chosen. As a result, 1,556 medical institutions (including general

hospitals, traditional Chinese medicine hospitals, specialized hospitals, maternal, and child care hospitals and primary medical

health institutions) were selected. Finally, patient information (gender, age, length of hospital stay, disease name, ICD-10 code,

curative care expenditure, and insurance) retrieved from the above-mentioned institutions was sorted out and standardized, thus

forming the sample database of this study.

The rare diseases defined in this study were derived from the 2018 edition of Compendium of China's First List of Rare

Disease, which covered 121 rare diseases. This research targets ten rare diseases with the highest curative care expenditures:

Hemophilia-D66.01, YOPD-G20, SSc-M34.0, Neuromyelitis Optica (NO)-G36.0, Autoimmune Encephalitis (AE)-G04.8,

Idiopathic Pulmonary Fibrosis (IPF)-J84.1, Multiple System Atrophy (MSA)-G90.3, MS-G35.0, Amyotrophic Lateral Sclerosis

(ALS)-G12.2 and Congenital Scoliosis (CS)-Q76.3.
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Accounting and statistical methods

Based on the SHA2011 theoretical framework, we have adopted top-down accounting principles to estimate the CCE of rare

diseases. Incorporating medical income, government basic expenditure subsidies, and project subsidies in the accounting scope

while excluding expenditures not directed related to health care services such as basic construction costs, equipment costs, and

depreciation. The preventive care costs of medical institutions have been excluded as well.

The calculation process was divided into three steps, which is exemplified in the case of the outpatient medical service:

The first step was to determine the total CCE of medical institutions in Sichuan Province.

CCE= CI+BS+PS （1）

CCE in formula (1) represents the total curative care expenditure of medical institutions in Sichuan Province. CI refers to

curative income (excluding preventive service fees); BS stands for the basic curative expenditure fiscal subsidy provided to

medical institutions in Sichuan province by the government; PS derived from the government health input monitoring data,

represents the provincial project subsidy, including central government financial subsidies and local government specialized funds,

such as maternal and childbirth subsidies and basic drug subsidies.

Among them: CI and BS are obtained with the following formula:

CI=TOI × 1 − ���/�� （2）

BS = BCS × 1 − ������+���×� （3）

COV=TOV× 1 − ���/�� （4）

In formula (2): TOI stands for the total outpatient income in Sichuan Province in the year 2018; POI refers to the preventive

outpatient income of sample medical institutions; OI represents the total outpatient income of sample medical institutions.
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In formula (3), BCS is the total basic curative expenditure subsidy in Sichuan Province in 2018; IBD represents the number

of inpatient bed days in the sample medical institution; COV refers to the number of curative outpatient visits in the sample

medical institution, and K takes a constant of 0.1, meaning that 10 outpatient visits are equivalent to 1 inpatient bed day. Among

them, COV is calculated by the formula (4), in which TOV represents the total number of outpatient visits in Sichuan Province in

2018; POV stands for the number of outpatient visits for preventive services in sample medical institutions, and OV refers to the

total number of outpatient visits in sample medical institutions.

Step two: calculation of the CCE per patient

In line with the "top-down" approach, the curative care expenditure per patient among medical institutions in Sichuan was

calculated with the following formula:

��� = �� × ����=1� ����� （i=1,2,3.......n） （5）

��� = �� × ����=1� ����� （m=1,2,3.......n） （6）

��� = �� × ����=1� ����� （w=1,2,3.......n） （7）

In formulas (5), (6), and (7), SCI, SBS, and SPS represent the curative care expenditure, basic expenditure subsidy, and project

subsidy per patient. EOI represents the outpatient cost of each patient in different types of sample medical institutions; EOV

represents the number of visits for each patient in different types of sample medical institutions.

Step three: summary of the CCE with different characteristics

Formula (8) represents the summary of curative expenditures of patients with the same characteristics such as age, gender,

and disease in the region.

�=1� ����� = �=1� ���� + �=1� ���� + �=1� ���� （� = 1，2，3…. �） （8）

Finally, different dimensions of the rare disease curative expenditure in Sichuan Province in 2018 were obtained based on

classification and summary of financing source, health service providers and health spending by beneficiary characteristics.
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This study used stata14.0 (Stata Corporation, College Station, TX, USA) for data entry, accounting, and analysis.

Results

General statistics of patients with 10 rare diseases

In 2018, there were 9714 cases of the top ten high CCE rare diseases in Sichuan Province, including 7,188 outpatients and

2,526 inpatients. Among them, patients with SSc totaled 2534 (26.09%), and patients with YOPD and Hemophilia totaled 1935

(19.92%) and 1504 (15.48%) respectively. The average age of the patients with 10 rare diseases was 42.80,of which the average

age of patients with CS was the smallest(13.28 ) and IPF patients was the oldest ( 67.91). In terms of gender distribution, the

percentage of women (55.12%) was slightly higher than that of men (44.88%). Five diseases including SSc and NO mainly

inflicted females, while the male patients were usually diagnosed with the other five diseases, such as Hemophilia and IPF.

Table 1 The general statistics of patients with 10 rare diseases in Sichuan Province in 2018 (n/%)

Disease
Total Number of

patients

Average age

（�� ±s） Gender Service function

Male Female Outpatients Inpatients

SSc 2534（26.09） 49.02±15.26 565（22.30） 1969（77.70） 2180（86.03） 354（13.97）

YOPD 1935（19.92） 42.83±9.50 1030（53.23） 905（46.77） 1744（90.13） 191（9.87）

Hemophilia 1504（15.48） 18.10±17.03 1437（95.55） 67（4.45） 954（63.43） 550（36.57）

NO 1340（13.79） 46.32±14.4 178（13.28） 1162（86.72） 1017（75.90） 323（24.10）

MS 682（7.02） 41.35±13.92 195（28.59） 487（71.41） 416（61.00） 266（39.00）

MSA 571（5.88） 62.77±9.34 311（54.47） 260（45.53） 397（69.53） 174（30.47）

ALS 415（4.27） 57.27±10.99 241（58.07） 174（41.93） 172（41.45） 243（58.55）

AE 323（3.33） 33.47±18.49 158（48.92） 165（51.08） 131（40.56） 192（59.44）

IPF 280（2.88） 67.91±10.31 186（66.43） 94（33.57） 103（36.79） 177（63.21）

CS 130（1.34） 13.28±10.28 57（43.85） 73（56.15） 74（56.92） 56（43.08）

Total 9714（100.00） 42.80±19.06 4358（44.86） 5356（55.14） 7188（74.00） 2526（26.00）

Curative care expenditure and average expenditure per visit of the ten rare diseases

The CCE of the ten rare diseases totaled US$19.001 million, with outpatient CCE of US$5,686,600 (29.93%) and inpatient

CCE of US$13,314,500 (70.07%). The top three high CCE rare diseases were Hemophilia (US $4,378,600), YOPD (US

$2,964,700) and SSc (US $2,445,700). The average expenditure per visit of outpatients for ten rare diseases was 109.33$. The top

three diseases were AE ($308.36), Hemophilia (221.54$), and NO (120.04$). The average expenditure per visit of outpatient for
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rare diseases except CS was mainly spent on drugs. The average CCE per visit of inpatients was 2411.64$, of which CS

expenditure ranked the highest per visit($10491.82), which was 3.08 times the per capita disposable income of residents. (table 2)



9

Table 2 The CCE, average expenditure and drug cost per visit for 10 rare diseases in Sichuan Province in 2018

Disease

Outpatients inpatients Total

CCE $Million(%)
Average
expenditure
per visit（$）

Average drug
cost per visit
（%）

CCE $Million(%)
Average
expenditure
per visit（$）

Average drug
cost per visit
（%）

CCE $Million(%)

Hemophilia 154.73（35.34） 221.54 86.76 283.13（64.66） 2112.22 45.35 437.86（23.04）
YOPD 102.07（34.35） 74.5 87.12 194.2（65.55） 5141.82 6.57 296.27（15.59）
SSc 144.35（59.02） 88.78 70.03 100.22（40.98） 1180.98 35.54 244.57（12.87）
NO 80.65（34.92） 120.04 89.11 150.29（65.08） 2104.93 30.65 230.94（12.15）
AE 25.63（14.47） 308.36 51.78 151.49（85.53） 3766.57 33.14 177.12（9.32）
IPF 6.67（5.42） 82.97 77.38 116.28（94.58） 2781.55 33.86 122.95（6.47）
MS 16.75（15.82） 52.02 64.76 89.15（84.18） 1481.66 31.32 105.91（5.57）
CS 4.06（4.14） 82.96 0.01 93.99（95.86） 10491.82 5.15 98.05（5.16）
MSA 27.86（28.45） 110.31 86.82 70.06（71.55） 1515.47 19.78 97.93（5.15）
ALS 5.89（6.65） 49.3 75.91 82.64（93.35） 1601.52 16.21 88.53（4.66）
Total 568.66（29.93） 109.33 79.5 1331.45（70.07） 2411.64 26.65 1900.11（100.00）
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Health financing schemes for the ten rare diseases

As shown in Fig.1, 86% of outpatient CCE was financed from the household out-of-pocket expenditure(OOP), while social

health insurance, the secondary source, only accounted for 7.85% of CCE. For outpatient CCE, the OOP of CS was the highest

(97.73%) while the OOP of YOPD was the lowest(71.64%,). The household out-of-pocket expenditure, which was still the

primary source of financing, accounted for 41.60% of inpatient expenditures, and social health insurance (39.58%) was the

secondary financing source. In contrast to outpatients, inpatients had access to six common financing sources, which were

relatively more diversified. Among inpatient services, the OOP for CS was the highest (79.6%), while OOP for YOPD and AE

were also more than 50%, all of them caused heavy economic burdens for patients.

Fig.1 Outpatient (a) and inpatient (b) CCE financing schemes for the 10 rare diseases in Sichuan Province in 2018 (%)
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Allocation of CCE in different medical institutions for the ten rare diseases

Fig.2 shows that more than 80% of the rare disease CCE was distributed to general hospitals; the second destination was

specialized hospitals (outpatient 11.70%, inpatient 8.81%); and the third destination was Chinese traditional medicine hospitals

(outpatient 3.55%, inpatient 7.74%). The outpatient CCE of three diseases (Hemophilia, YOPD, and MS)and the inpatient CCE of

two diseases (CCE of SSc and NO) were distributed to primary medical institutions, indicating that such institutions also

undertook some rare disease treatment services.

Fig.2 Allocation of outpatient (c) and inpatient (d) CCE in different medical institutions in Sichuan Province in 2018 (%)
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The CCE of ten rare disease by beneficiary characteristics

The CCE of Hemophilia and CS mainly occurred in children and adolescents; CCE of YOPD, SSc, NO, and MS were mainly

distributed among people aged 40~years, and the CCE of IPF and MSA were mainly distributed among people aged 60~years.

Almost all the CCE of Hemophilia, IPF, and MSA were consumed by men.(Table 3)

Table 3 The CCE of ten rare diseases by beneficiary characteristics in Sichuan Province in 2018

Disease
0~ 20~ 40~ 60~ Total

Male Female Male Female Male Female Male Female Male Female
Hemophilia 46.34 0.17 24.34 0.39 23.03 0.94 4.59 0.20 98.30 1.70
YOPD 1.87 1.93 12.90 9.76 43.99 29.56 0.00 0.00 58.76 41.24
SSc 0.77 1.39 2.26 9.97 13.20 40.26 10.01 22.14 26.24 73.76
NO 2.03 1.93 3.64 16.67 6.08 42.78 4.06 22.80 15.82 84.18
AE 17.68 8.79 12.71 29.57 12.24 10.37 3.69 4.94 46.32 53.68
IPF 0.00 0.00 0.00 0.12 10.49 2.71 54.69 31.99 65.18 34.82
MS 1.22 2.08 15.50 19.45 11.65 32.25 3.81 14.05 32.17 67.83
CS 31.89 54.79 3.28 8.27 0.00 1.76 0.00 0.00 35.17 64.83
MSA 0.00 0.00 0.20 1.06 20.79 11.53 47.03 19.39 68.01 31.99
ALS 0.00 0.00 2.10 1.96 22.27 14.87 31.55 27.27 55.91 44.09
Total 14.68 4.52 10.68 9.34 19.18 19.52 10.83 11.25 55.37 44.63

Discussion

In this study, the CCE of ten rare diseases in Sichuan Province in the year 2018 was estimated based on the SHA 2011

accounting framework. The results have shown that the CCE of the ten rare diseases totaled US$19.011 million, accounting for

0.06% of the CCE in Sichuan Province in 2018; the average outpatient expenditure per visit was 109.33$, accounting for 3.22% of

the per capita disposable income in Sichuan Province in 2018 and 1.40% of per capita GDP. The average inpatient expenditure per

visit was $2411.64, accounting for 70.99% of per capita disposable income and 30.93% of GDP per capita. These research results

are incomparable with prior research done in other countries due to the fact that few studies were based on the SHA2011

accounting framework and used such a "top-down" approach to calculate rare disease CCE, and that definition of rare diseases

differs from country to country [20,21]. Nevertheless, our research has provided not only a new approach for the calculation of

rare disease curative care expenditures but also important policy making support for concerned government departments.
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High average CCE per visit, and high level of OOP, especially outpatient OOP, indicate that patients and their families bear

high economic burdens caused by rare diseases, which can easily result in poverty[22]. In China, high R&D costs and low returns

of rare disease drugs(orphan drugs) have caused pharmaceutical companies to be reluctant to invest in these drugs. Most rare

disease drugs on the Chinese market are imported and therefore extremely expensive, posing a great economic challenge for rare

disease patients and hence the high CCE [23,24]. Consequently, adopting effective measures to ensure that rare disease patients

could afford drugs is the key to alleviating the economic burdens of these patients. In recent years, the Chinese government has

issued a raft of policies in an effort to improve the accessibility to health services of rare disease patients [25-27]. In 2017, the

National Healthcare Security Administration of China included recombinant human coagulation factorⅦa for injection for the

treatment of Hemophilia, recombinant human interferon β-Ib for the treatment of MS, and pirfenidone for the treatment of IPF in

the Medicine List for National Basic Medical Insurance and Employment Injury Insurance and Maternity Insurance (hereinafter

referred to as "The National Reimbursement Drug List"). The inpatient OOP of these three rare diseases was found to be low in

this study, indicating that the policies may have been effective [28]. However, the outpatient OOP of rare disease is still high and

the proportion of reimbursement in the medical insurances is too low. Studies have found that there are still many restrictions on

medical insurance coverage for outpatients [29,30], Another issue worth noting is the fact that the medical insurance

reimbursement policy in China focuses more on rare disease drug cost-sharing, while non-drug treatment-based rare diseases cost

more but less noticed by policymakers. This explains the high OOP in CS households, which depend mainly on surgeries for

treatment. Therefore, the policymakers should also be concerned about how to reduce the disease burden of rare disease patients

who rely on non-drug treatments.

We suggest exploring newer and more diversified medical security systems for rare diseases and co-paid by different parties

in order to effectively alleviate the economic burdens of rare disease patients. On the one hand, the social health insurance system

should play a basic role, and more rare disease treatment drugs should be incorporated into the National Reimbursement Drug List.

On the other hand, a Multi-tiered Healthcare Security System covering critical illness insurance, medical assistance, commercial
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insurance, and social assistance should be established so that the rare disease patients could get access to multiple channels of

cost-sharing [31]. Most importantly, when formulating health insurance payment standards and multi-party co-payment

mechanisms, we should fully consider the restrictions on rare disease reimbursement. For example, it is necessary to set a proper

threshold,an annual limit of health insurance payment, and the top limit of annual out-of-pocket curative expenditures based on

the actual CCE levels for different rare diseases in different regions to ensure that patients can truly benefit from the policies.

As is true to most diseases, rare disease treatment services are mainly provided by general hospitals because of their

competence in diagnosis and treatment. China's primary medical institutions are limited in their technology levels and therefore

focused on the diagnosis and treatment of common and frequently-occurring diseases. However, our research found that primary

medical institutions had also undertaken the treatment of some rare diseases. For example, they provided outpatient services for

SSc and MS patients as well as inpatient services for YOPD patients. This shows that it is feasible to improve doctors' expertise in

the diagnosis and treatment of rare diseases in primary medical institutions. We recommend providing more training for primary

medical workers to identify rare diseases and enable to acquire abilities to screen for, refer and even treat rare diseases, thus

effectively shortening the diagnostic cycle of rare diseases, and reducing health care resource consumption and disease induced

economic burdens [32,33].

The CCE distribution trend of various rare diseases in the population is approximately the same as its prevalence trend in this

study [34-39]. For example, the prevalence rate of Hemophilia is relatively high, and its onset is mainly in boys. YOPD, IPF and

MSA are more common in middle-aged and elderly people, while NO, and MS are more common in women. Consequently, these

groups consume more CCE. Since rare diseases are mostly genetic, effective prevention is more important than treatment[40]. We

need to focus on women of childbearing age and newborns with rare disease family histories. Tertiary prevention before, during

and, after pregnancy are essential for the reduction of rare diseases. Firstly, it is necessary to carry out genetic screening before

pregnancy and make appropriate reproductive choices based on genetic counseling, pathogenic gene carrier screening, and risk
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assessment. Secondly, it is also important to carry out prenatal screening and prenatal diagnosis to avoid the birth of defective

babies as much as possible. For newborns with a family history of rare diseases, genetic diseases screening, early diagnosis, early

treatment, and enhanced lifetime follow-up management and drug control are of great significance to improvement of the patient's

quality of life. IPF is the only respiratory disease among the ten rare diseases. Raghu found that the disease is more common in

elderly men with a history of smoking [41]. Evidently, educating people to maintain a healthy lifestyle is also essential for the

prevention and control of rare diseases [42,43].

It is undeniable that this study may have certain limitations. We may have underestimated the actual scale of rare disease

CCE. When selecting hospitalized patients, this study uses the first diagnosis as the data extraction standard, and there may be a

small number of rare disease patients not included in the calculation. In addition, we did not include misdiagnosed rare disease

patients and those who were not diagnosed or not clearly diagnosed. Nevertheless, this study is a rare comprehensive report

covering the financing scheme of rare disease CCE, health provider distribution, and beneficiary groups. It can help to improve

the understanding of the impacts of rare diseases on Chinese society by providing empirical evidence for rare disease research in

China.

Conclusions

The high CCE of rare diseases has always been a widely debated topic in the world, posing great challenges to patients,

health policymakers, health care providers, and society. So far, there has neither been an internationally agreed-upon standard to

access the scale of rare disease curative care expenditures nor research based on the financing structure of rare disease curative

care expenditures. Under the SHA2011 framework, this study calculated the CCE scale of top ten high CCE rare diseases in

Sichuan Province on both macro and micro levels and systematically answered the questions about the total amount of CCE,

financing schemes, health providers, and beneficiary groups of the top ten rare diseases. As is shown by our research results, the

total curative care expenditure of the 10 rare diseases is US$19,001,100; the average CCE per visit is high and the patients’

out-of-pocket economic burdens are heavy. Curative care expenditures occurred mainly in general hospitals and distributed among
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the 40-59 age group, indicating that the financing structure of rare disease CCE needs to be optimized and that a rare disease

prevention and treatment model based on multi-party collaboration and financing should be explored to improve the level of

medical security for rare disease patients. In addition, it is essential to enhance primary medical institutions' abilities to diagnose

common rare diseases and to build a trio-tiered rare disease prevention system.
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