which was very rare in the world.
There are more than 600 screening centers around the world.
I dare not say that we are the first, but the quality of
screening in Taiwan is definitely one of the best worldwide.

30 years ago,
Pioneers in academic, medical and public healthcare communities
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Prologue．The First Line of Defense for Health:
Newborn Screening for Congenital Metabolic
Diseases
We have established a 100% newborn screening system, which was very rare in
the world decades ago. There are more than 600 screening centers around the
world. I dare not say that we are the ﬁrst, but the quality of screening in Taiwan is
definitely one of the best worldwide. We have the best treatment for drug-type
phenylketonuria in Taiwan and global medical communities used our reference
dose. Even the US CDC wants to reference our quality control system for G6PD
deﬁciency screening.
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Chapter 1．Who Will be Willing to be Burned by Fire?
They are just like ordinary babies when they're born but by the time clinical
symptoms are present, damage to their body and mind might have already
been caused. Those congenital metabolic disorders are a kind of inborn errors
of metabolism (IEM). We can only attack those diseases by catching it early via
newborn screening, and start treatment with dietary control as soon as possible. In
the past three decades, we have identified those IEMs via newborn screening in
over one hundred thousand babies in Taiwan. They have received proper treatment
and have grown healthily. These infants with those IEMs could have suffered physical
or mental disabilities or even early deaths if not for the newborn screening system.
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Director-General, Health Promotion
Administration, Ministry of Health and
Welfare, Taiwan, R. O. C.
Dr.P.H., School of Public Health & Tropical
Medicine.

↑Ying-Wei Wang, M.D., Ph.D. Director-General of
Health Promotion Administration

As the wise words of Confucius go, “at 30, we stood firm”,
recorded in Confucian Analects- Chapter Wei Chang, our
teacher taught us that thirty years can bring independence
and achievements in learning. Since 1985, many public health
pioneers held a surge of ambition to promote and improve national
health so cooperated with the government to architect and expand
a comprehensive newborn screening system and correspond
public policies. Over three decades, thanks to the implementation
of the national public health policy and construction, there were
more than 7 million newborns received screening at birth. More
importantly, nearly 120 thousand newborns were diagnosed
with congenital metabolic abnormalities or genetic disease via
comprehensive screening service and governmental subsidies for
4

screening fees. With early intervention, these children were able to
grow up healthy under proper treatment and care.
Health promotion is the first loop in the health care system.
Moreover, making people healthier and maintaining a healthy lifestyle
to reduce the incidence of diseases is the world trend. In Taiwan,
every newborn will receive the protection of the newborn screening
service, preventive health care and public health system at birth,
while recognise the true meaning of “prevention is better than
treatment” and national health promotion. Furthermore, we deliver
a leading newborn screening system and quality management
experience to other countries to contribute to global health as a
major achievement in public health.
In the World Health Organization’s Ottawa Charter for Health
Promotion (1986), “health promotion is the process of enabling
people to increase control over, and to improve, their health. Health
is seen as a resource for everyday life, not the objective of living.
Therefore, health promotion is not just the responsibility of the
health sector, but goes beyond healthy life-styles to well-being.” In
the future, our Administration will continue to adhere to evidencebased, people-centered and life course perspective to carry out
the five major health promotion actions identified in the Ottawa
Charter for Health Promotion: Build Healthy Public Policy, Create
Supportive Environments, Strengthen Community Actions, Develop
Personal Skills and Reorient Health Services. With the collaboration
all sectors from governments and persisting from policy, community,
environment to individual, the health promotion actions will improve
people’s health and continue to strive for international visibility of
Taiwan’s health promotion and preventive health care.

Ying-Wei Wang, M.D., Ph.D. Director-General, Health Promotion
Administration, Ministry of Health and Welfare, Taiwan, R. O. C.
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Current Position:
Attending Doctor, Department of Family Medicine, Taoyuan
General Hospital, Ministry of Health and Welfare

Working Experience:
Director-General, Health Promotion Administration, Ministry of
Health and Welfare, Taiwan, R. O. C.
Physician, Department of Family Medicine
Ph.D. in Epidemiology
Adjunct Associate Professor, School of Medicine, National
Yang-Ming University
Global Vice President for Partnerships, the International Union
for Health Promotion and Education (IUHPE)
Chair & Coordinator, International Task Force on Health
Promoting Hospitals and Age-Friendly Health Care
Coordinator, Taiwan Network of Health Promoting Hospital
and Health Services
↑Dr. Su-Ti Chiou, former Director-General of Health Promotion Administration

Looking back on the past three decades, our national newborn
screening system has come together from planning, implementation
to operation with coordination and cooperation of relevant academic,
medical and health administrative organizations. The system has
helped over 7 million newborns in Taiwan who have been screened at
birth. This is the first line of defense from our public health system to
the children in Taiwan.
For years of hard work, the screening rate of our newborn
screening system rocketed from 6.7% in 1984 to 99.8% in 2014.
In recent 3 years, there was an average of 4000 abnormal cases
screened by the system. Each of the cases was provided with
treatment, consultation, tracing and management services. By
enforcing “early diagnosis, early treatment”, in addition to controlling
the impact from the disease to the children and their family, we
helped children to grow healthily.
6

In addition, in order to enhance and ensure the examination
and verification quality of the newborn screening system, the Public
Health Administration has implemented the Verification Qualification
Assurance System since 2000. The three domestic newborn
screening centers: National Taiwan University Hospital, Chinese
Foundation of Health and Taipei Institute of Pathology, are all
qualified in the assurance system and have reached nearly 100%
execution accuracy. Furthermore, the Verification Qualification
Assurance System has helped 13 overseas screening labs
(including the Philippines, Thailand, Republic of Lebanon, Vietnam,
Turkey, Germany, Australia, India, Mexico, Greece, Switzerland
and United States) to improve their newborn screening quality. It
was a very successful experience in sharing Taiwan’s strengths
with other countries and it certainly raised our international visibility
in public health. In 2015, the World Health Organization (WHO)
invited Taiwan to introduce the execution results of our “Newborn
Screening Verification Qualification Assurance System” into WHO’s
PE/EQA Inventory Project; it shows that our achievements in
newborn screening have received profound affirmation.
In order to secure and continue the first line of defense for our
newborns, we will combine industry sectors, government agencies
and academic institutions to enhance the quality and effectiveness
of screening operations. Over time, we will educate relevant
personnel, strengthen public education and promote advocacy to
improve quality and implement performance evaluations. As part of
this generation, we will take the vision and pride of predecessors
and continue to contribute to our people’s health and the well-being
of mankind.

Dr. Shu-Ti Chiou, former Director-General, Health Promotion
Administration, Ministry of Health and Welfare, Taiwan, R. O. C.
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Working Experience:
Board Director, Taiwan Health Corps
Distinguished Investigator, Center for Health Policy
Research and Development, National Health Research
Institutes
Former Director-General, Department of Health
Commander-in-Chief, SARS Task Force
President and Professor, Department of Pediatric and
Human Genetics, Tzu Chi University
Post-doctoral Fellow, MRC Laboratory of Molecular Biology,
Cambridge University

↑Dr. Ming-Liang Lee

In the 1980s, the clinical genetics service I've established in
New Jersey was already on track and routinely running. Therefore,
the Department of Health found me through one of my students,
Dr. Tso-Jen Wang of National Taiwan University Hospital, and
asked me if I was willing to come back to Taiwan and provide
advice to genetic healthcare in Taiwan. At that time, major hospitals
in Taiwan have successively established genetic consultation
services and also Veterans General Hospital and National Taiwan
University Hospital have set up newborn screening centers. Since
the program was just at its initial stage, it is inevitable that some
faults needed to be reminded and corrected. Everyone was very
polite to accept my advice, so professional standards in all aspects
were enhanced in no time. I have no criticism toward the screening
center hosted by Dr. Kwang-Jen Hsiao and the newborn screening
system he personally architected. The screening rate of the system
8

is nearly 100% and the screening quality, sensitivity and accuracy
have reached extreme.
I returned to service in the 1990s when Taiwan introduced
tandem mass spectrometry into newborn screening. It was a very
courageous initiative back then since there weren’t many sites,
even in the United States, that used the technology. Even more
commendable was that the diagnostic and treatment system was
able to keep up with the screening system so patients were very
well taken care of.
Over 30 years, genetic care and newborn screening in
Taiwan was able to develop rapidly and stably under very limited
resources. Thanks to our medical professionals and peers in the
public health community who possessed strong senses of mission.
These people were willing to join unpopular fields for the health of
our next generation. In all respects, our newborn screening system
is a remarkable achievement that is worth the praise of Taiwanese
people. As a part of this program, even with limited contributions, I
am still extremely honored.
With this book, we have the opportunity to look back at the
good old days where members of the healthcare community
worked together as one. As a former national health administrative
member, I sincerely hope that our newborn screening program
will become the reference template for promoting future public
health projects. I look forward to my counterparts and old friends
in the healthcare community to create another period that is worth
recalling as the good times together.

Dr. Ming-Liang Lee, Distinguished Investigator, Center for
Health Policy Research and Development, National Health
Research Institutes, Taiwan
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We have established a 100% newborn screening system,
which was very rare in the world decades ago.
There are more than 600 screening centers around the
world. I dare not say that we are the first, but the quality of
screening in Taiwan is definitely one of the best worldwide.

We have the best treatment for drug-type phenylketonuria in
Taiwan and global medical communities used our reference
dose.
Even the US CDC wants to reference our quality control
system for G6PD deficiency screening.
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Prologue

The First Line of Defense for
Health
Newborn Screening for
Congenital Metabolic Diseases

In 1985, the Department of Health (DOH)
promulgated the "Genetic Health Act" and
the implementation of "newborn screening for
congenital metabolic diseases" (abbr. newborn
screening). The nearly one hundred percent
screening system has screened out more than
a hundred thousand newborns with congenital
metabolic diseases in the past 30 years. Due to
early screening and continuous treatment, the
majority of the newborns with inborn errors of
metabolism (IEM) that may have suffered from
physical and psychological disabilities or even
premature death grew up healthily. Not only did
they exempt burden from their parents and family,
but also had the opportunity to become the pillars
of Taiwan’s society as other healthy children. In
terms of humanitarian concern or from the aspect
of social costs, this screening system undoubtedly
ensured Taiwan’s population quality and drew the
line of perfect defense in preventing disabilities
caused by congenital diseases.
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Dr. Kwang-Jen Hsiao

↓

The Ambition of Becoming Number One in the World
Moreover, the comprehensive newborn screening system had
become the platform for developing public healthcare matters such as
treatment of genetic diseases and screening technology.
What we have established is a 100% newborn screening system,
which was very rare in the world decades ago.
There are more than 600 screening centers around the world. I dare
not say number one, but the screening quality in Taiwan is definitely
one of the best worldwide.
We take pride in being one of the top screening centers in Asia.
We have the best treatment for drug-type phenylketonuria here in
Taiwan and the medical communities worldwide are using our
reference dose.
Even the US CDC took reference from our quality control system for
G6PD deficiency (favism) screening.
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Prologue

Under the structure of the newborn screening system, the public
healthcare and medical community in Taiwan has created many worldclass services. In conversations between the contributors, their pride of
pushing Taiwan to the world stage was naturally revealed. Recalling 30
years ago when medical genetics in Taiwan had just started, the public
health pioneers who carried the romanticism of promoting national health
and improving the society architected the newborn screening system with
the same surge of ambition together. It was a glorious revolution in the
public health community where the atmosphere was filled with humanity.
The revolution enhanced the quality of Taiwan's national population and
the health of Taiwanese people creating a profound and lasting system.

The Small Revolution in the History of Taiwan Public Health
30 years later, several key figures who constructed the newborn
screening system is still enthusiastically paying effort to Taiwan’s society.

↓Dr. Kwang-Jen Hsiao was awarded
the "Health Medal of the Second
Order" from the Department of
Health owing to the establishment
of the newborn screening system
in 1998.
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Newborn Screening in Taiwan

Ms. Dan-Gui Liu

Dr. Kwang-Jen Hsiao presided at Preventive
Medicine Foundation to help the Philippines
improve their newborn screening system and
continued to perform the world’s number one
external quality control program for G6PD
screening. He utilized successful experience in
newborn screening to help promote "newborn
hearing screening" and " neonatal critical
congenital heart disease screening".
Dan-Gui Liu, retired counselor from the
DOH, was always concerned about maternal
and child health in Taiwan. Currently, she is
a consultant in the "No. 9 Happiness Teens'
Goodwill Clinic" project and is still striving for the
health of the next generation.
14

Prologue

Back to the Good Times
Dr. Ming-Liang Lee, former Director-General of DOH, continued
to provide advice to Taiwan’s public healthcare system even when his
physical condition should not undergo excessive labor. Additionally,
he remained interest in the research work carried out by the younger
generation.
In the 30th anniversary of newborn screening, through their stories,
we return to the good times where academic and medical communities
are full of ideality. Healthcare administrative staff had the space to show
their mettle, which they worked together and built a model for Taiwan’s
public healthcare program. Over the 30 years, the healthcare community
created all sorts of achievements under the newborn screening system
together and this brilliant scene is worth a view.

↓Event held by Association of Congenital and Inherited Metabolic Disease. Over the past 30 years,
newborn screening has freed over 120,000 children from the sufferings of metabolic diseases.
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Chapter 1

Who Will be Willing
to be Burned by Fire?

They are just like ordinary babies when they’re born but by the
time clinical symptoms are present, damage to their body and
mind might have already been caused.
Those congenital metabolic disorders are a kind of inborn errors
of metabolism (IEM).
We can only attack those diseases by catching it early via
newborn screening, and start treatment with dietary control as
soon as possible.
In the past three decades, we have identified those IEMs via
newborn screening in over 120,000 babies in Taiwan.
They have received proper treatment and have grown healthily.
These infants with those IEMs could have suffered physical or
mental disabilities or even early deaths if not for the newborn
screening system.
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The ﬁrst fortune slip Szu-Chueh Chen's mom drew from Baoan Tample.

↓

“His birthdays were also his nightmares,” said his mom, “because he
couldn’t eat the majority of candies and cakes are definitely off limits.”
“When I was informed of the bad news, my mind went blank. I haven’t
even heard of the disease!”
It was probably because she could not usually make conversation on
this topic due to the public’s lack of knowledge of IEM, her body language
and pitch was greatly enthusiastic when telling her story. Her story was
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about the road she had walked with her son fighting homocystinuria
for over 20 years. She opened her family album that consisted of
photographs from 20 years ago. The leading character of the album was
a chubby child who, apart from the heavy spectacles, looked just like an
ordinary healthy two-year-old. The child was Szu-Chueh Chen, who had
been diagnosed with homocystinuria when he was born via newborn
screening. In between one of the pages, a faded pink piece of paper
caught my eye. Mother of Szu-Chueh Chen, Ms. Jung-Man Huang, told
me that the piece of paper was a fortune slip from Baoan Temple when
Szu-Chueh was born. Ms. Huang said that back then, she particularly
went to Dalongdong Baoan Temple in Taipei to draw a fortune slip and
pray for the health of her unborn child. The slip she drew was the first out
of the 60 fortune poems in Baoan Temple, the poem goes like this:
True gold goes through fire a thousand times,
Then becomes the most precious treasure,
The skeleton must be spectacular,
Or else, who will be willing to be burned by fire?
(Explanation: True gold must go through very hot fire to become the most
precious treasure. Obviously you are not common so you can bear such hot fire,
otherwise who would like to be burned together with fire? )

“My child was the first homocystinuria patient detected by newborn
screening in Taiwan, the first homocystinuria patient that successfully
went through liver transplant in the world…There were so many first
times, our lives were really like what the fortune slip said: we overcame
so many obstacles…” Ms. Huang sighed.

First Time for Everything
On Jun 11, 1987, Ms. Jung-Man Huang, also known as Mrs. Chen,
gave birth to her first child at Tri-Service General Hospital. Back then,
the Chen couple was very confident about their physical conditions.
Mr. Chen was in military services and had great performances in his
annual health checks; Mrs. Chen on the other hand, came from a Hakka
tribe in Pingtung and worked regular hours. Nevertheless, Mrs. Huang
was extremely careful during her pregnancy and never missed one
19
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single prenatal visit. Their baby weighed 3,186 grams and looked
cute and healthy in every way. After a few hours after delivering the
baby, the couple was asked if they wanted to do a newborn screening
test on their baby. Even though the concept of newborn screening
was uncommon at the time, the couple agreed to the suggestion due
to doctor’s opinion and low cost of the examination. The nurse then
collected a couple drops of blood from the baby’s heel.
After a few days resting at home, Mrs. Chen received a call from
the hospital informing her to bring her baby back to the hospital for
further blood tests. The doctor told her that her baby may have carried
an extremely rare metabolic disease. Ever since, Mrs. Chen and her
child rode an hour bus drive to Taipei Veterans General Hospital (TVGH)
every two to three days to receive instructions from doctors and
dieticians to treat this illness.
“I remember that everything was the first time, not just for me
but also for the medical staff. Every decision made by the doctor and
dietician was based on prior records of my child,” Mrs. Chen recalled.
Though the cost and source for the specialized formula milk powder
was taken care of by a governmental project, the medical team strictly
requested Mrs. Chen to thoroughly record details during this process
including the exact feeding time, proportion of powder and water,
reaction of the child before and after feeding and so on. “It was almost
like being interrogated like a criminal,” Mrs. Chen described their visits
to the hospital.

Tongue-tied from just Saying Homocystinuria
After three months of tests and specialized formula treatment,
the diagnosis of homocystinuria was confirmed. “My tongue was tied
from just saying the name of the disease!” exclaimed Mrs. Chen. She
even waved her arms when continuing: “What are genes? I couldn’t
understand it, no matter how many times Dr. Kwang-Jen Hsiao
explained, how many routes and graphics he had drawn to help me
20
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understand. I just couldn’t get it…but that wasn’t an option, I had to
understand.”
In 1987, the newborn screening system was only official for less
than two years. Dr. Kwang-Jen Hsiao, who the young patients and
their parents called “Uncle Hsiao”, was only in his thirties and was
both an adjunct investigator in Department of Medical Research at
TVGH and a professor in Institute of Genetics, National Yang Ming
University (NYMU). Dr. Hsiao played a significant part in the process
of initialization and maturation of Taiwan’s newborn screening system.
In brief, the concept for newborn screening is to discover infants
with IEMs via blood tests. These IEMs are usually caused by genetic
mutations which fail to code for enzymes that facilitate conversion
of various substances into others and will lead to accumulation
of substances which are toxic or can interfere with normal body
function. Infants with IEMs usually do not present clear clinical
symptoms, so if the infants with this condition are not diagnosed and
properly treated at an early stage via newborn screening, it may lead

↓Szu-Chueh Chen and his mom, Ms. Jung-Man Huang.
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Until now, the genetic clinic in Hualien Tzu-Chi Hospital still kept the
tradition of implementing thorough and kind consulting hours left by Dr.
Ming-Liang Lee.

↓

to severe consequences such as mental retardation or even death. Back
then, the diseases screened by newborn screening procedures were very
new to the public.
Homocystinuria, the disorder Szu-Chueh was diagnosed of, is a rare
genetic disorder caused by abnormal metabolization of protein. If not for
early screening, treatment and dietary control, the disease may cause
mental retardation, skeletal deformity, intraocular lens dislocation, vascular
disease, osteoporosis, etc.
Due to the characteristics of this disease, patients are recommended
to intake low-protein food and are prohibited to eat food that has
high levels of methionine (a particular type of amino acid). During the
development of a homocystinuria patient, high-protein food including
meat, fish, shellfish, egg, milk, cheese, beans and nuts are off limits and
the patient’s diet is replaced with vegetable, fruit, rice or rice products
and a proper proportion of low-methionine specialized milk powder.
Hence, Szu-Chueh lived in a ‘strict-diet tower’ during his childhood and
22
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only had, what his mother described as ‘not sour, not sweet, not salty,
just plain bad’, the specialized low-methionine milk in his years as a
baby. From the age of three, Szu-Chueh started wearing heavy glasses.
In elementary school, his lunchbox always carried plain vegetables
with very light seasoning which drew compassionate eyes from his
classmates. Moreover, he had to periodically visit the hospital for
blood tests, doctor’s examinations, nutrition guidance, psychological
consultations and so forth.

Dr. Lee's Genetic Clinic
In the 1990s, besides regular appointments at TVGH, Mrs. Chen
also brought Szu-Chueh to Hualien Tzu Chi Hospital for an appointment
with Dr. Ming-Liang Lee, who was both the director of Newborn
Medical Center in Hualien Tzu Chi Hospital and the principal of Tzu Chi
University. Mrs. Chen recalled that she was surprised and impressed
that Dr. Lee gave her his office and home number before he even sat
down with Szu-Chueh and her and told her that she could call anytime
she had questions. When they got to Tzu Chi Hospital, Dr. Lee brought
a five-people team and several medical students to the consultation.
Besides blood tests and urine tests, Dr. Lee spent half day checking
Szu-Chueh and answering all of Mrs. Chen’s questions and concerns.
After their appointment at Tzu Chi Hospital, Mrs. Chen received a huge
report with a letter signed by Dr. Lee indicating Szu-Chueh’s mental
and physical conditions in which Dr. Lee told Szu-Chueh to carry with
him at all times and hand to the medical staff for reference. Even after
many years after Dr. Lee left Hualien Tzu Chi Hospital, giving the patient
a report with a hand-signed letter after their appointment remained the
tradition of the genetic clinic of Hualien Tzu Chi Hospital.
Even with meticulous care of the medical team, Szu-Chueh still
managed to sneak off-limit food into his diet sometimes. At the age of 14,
he had to have surgery on his eyes due to poor eyesight; the strict diet
became more and more difficult to obey and his health declined year
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after year. At the age of 22, one day before his mother signed the
liver donation consent, he received a liver from a patient who died
from brain tumor and became the first successful liver transplant
homocystinuria case.
“ 'I want braised pork on rice' is what I said after waking up from
my surgery,” said Szu-Chueh, who can now eat regular food thanks
to the liver transplant, with a smile on his face.
In the little café that is managed both by Szu-Chueh and his
mom, Mrs. Chen is obviously the spokesperson and Szu-Chueh
just quietly made coffee and herbal tea at the counter and smiled
while listening to our conversations. Between us and the counter,
I saw that Szu-Chueh meticulously delivered the handmade drinks
to the customers sitting at the only occupied table. He was thin and
tall, wearing heavy glasses and showed shyness when facing the
camera. When asked about his childhood and the hardships he had
to overcome because of his illness, he narrated the process slowly

↓Szu-Chueh Chen.
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↓Szu-Chueh Chen in elementary school.
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↑Szu-Chueh Chen selling coffee at a charity event. Mr. Chen,
Chairman of a biotech company (middle, standing) once
participated in striving for legislation of Rare Diseases Act.

after going over the memories in his head; but when we brought coffee
and the food he loved into the conversation, Szu-Chueh’s eyes glowed
with enthusiasm and elaborated continuously. He recommended us on
the spot of the bread with original French flavor in a bakery located a
few blocks away and a sashimi store that is fresh and affordable in the
nearby market.

Good Thing We Took the Newborn Screening Test
After the liver transplant, Szu-Chueh’s family moved to France due
to his father’s change of duty at work. In over three years in France,
Szu-Chueh learned French, dated a girlfriend and cultivated his taste
in food. On the other hand, Szu-Chueh’s mom, who possessed the
sensitiveness toward food and health, started to study organic foods
that were affirmed by the European Commission (EC). By the time they
got back to Taiwan, she and Szu-Chueh opened their own café and
organic food distribution company. The energetic Mrs. Chen didn’t
waste any minute and got in touch with some old friends in Taiwan
Foundation For Rare Disorders (TFRD) right away to introduce to them
about an alternative diet suitable for patients of the foundation. On the
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other hand, Szu-Chueh, whose steadiness was magnified comparing to his
mom, enhanced his skills as a barista hoping one day he could represent
Taiwan in international coffee competitions.
In October 2015, Szu-Chueh and his mom decided to donate 200
pounds of professionally roasted coffee beans to enrich the funds in TFRD.
Via introduction by TFRD, they found a biotech company in Nangang so
the mother and son brought their coffee beans and tools to Nangang and
brewed coffee for free tasting during lunch hour.
Upon entering the office, Szu-Chueh’s mom surprisingly found
1

out that Chairman Chen was one of their old comrades that fought for
legalization of imported drugs for rare diseases over 20 years ago. While
Szu-Chueh brewed coffee, the two comrades began to piece together their
memories. Chairman Chen recalled that back then, he was already in the
pharmaceutical industry and inadvertently read about the letter wrote by Ms.
Li-Yin Chen, initiator of TFRD, on the newspaper indicating the fact that the
drugs for rare diseases were prohibited to be imported due to government
drug regulation restrictions so the patients had no way of obtaining the
drugs; she hoped that the government will relax the regulations and open
a way out for the patients with rare diseases. Hence, Chairman Chen, who
once distributed overseas medicine, contacted Ms. Li-Yin Chen and offered
help. He remembered physicians, patient groups and himself, the only
pharmaceutical representative, going around petitioning their request.
At the time, Szu-Chueh’s mom provided the experience of receiving
medical treatment in United States and the name of drugs the doctor
prescribed to Szu-Chueh as strong reference for legalization of drug for
rare diseases. Ultimately, the advocates raised their appeal to the level of
constitutional right to life where Chairperson of the National Assembly, Mr.
Foo Chien, presided over the public hearing with attendance of government
officials from Department of Health (DOH) and National Health Insurance
Bureau. Consequently, the DOH convened a “Rare Disease and Drug
Committee” and finally promulgated the Rare Disease Control and Orphan
Drug Act in 2000.
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↑

Dr. Shuan-Pei Lin, Chief of Genetics,
Mackay Memorial Hospital.

Dr. Shuan-Pei Lin, Director of Departments of Pediatrics and Medical
Research at Mackay Memorial Hospital, who once advocated with these
comrades, mentioned that Taiwan was the fifth country in the world
following United States, Japan, Australia and European Union that has
law for rare diseases. The surfacing of “Rare Disease Control Act” had
very much to do with the fact that many newborn with inborn errors of
metabolism was discovered after enforcement of the newborn screening
system. “Newborn screening is undoubtedly a successful public health
project; many countries yearning to step into this territory wants to learn
from Taiwan,” said Dr. Shuan-Pei Lin.
TFRD and many warm-hearted physicians like Dr. Shuan-Pei Lin
played a significant role in the evolution of newborn screening system in
Taiwan.
In the conference room, Chairman Chen suddenly remembered
that in the public hearing that year, when Szu-Chueh’s mom was asked
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about her child’s condition by Chairperson Foo Chien, she only answered,
“children like this still have the right to life,” and immediately burst into tears.
Now, the child with rare disease has healthily grown up and at the moment,
was brewing coffee and softly explaining with a shy grin on his face. As
aroma gradually filled the air in the conference room, many company staff
subscribed to the delicious coffee beans packed with love.
“If I hadn’t spent 100 NT dollars (US$3.3) for the doctors do the newborn
screening test and waited until Szu-Chueh presented symptoms, I can’t even
imagine what could have happened…” said Szu-Chueh’s mom.
Looking back at the 30 years since the initiation of the newborn
screening system, there were many children like Szu-Chueh who suffered
from congenital metabolic diseases. Thanks to proper care from their
parents and a group of physicians, scholars and administrators who
devoted themselves into the research for carrying out this system, these kids
with “spectacular skeleton” managed to overcome difficult treatment and
gradually grow into firm and reliable pillars of this society.
The newborn screening rate in Taiwan was only 6.7% in 1984 but
climbed to 99.8% by 2014, which benefited over 7 million newborns.
According to statistics, there were Nearly 120 thousand newborns detected

↓Szu-Chueh, who is drinking special formula milk, and his sister (left).
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with glucose-6-phosphate dehydrogenase deficiency (favism), nearly 4,500
with congenital hypothyroidism (CHT), over 200 with phenylketonuria (PKU),
20 with homocystinuria, 28 with galactosemia (GAL), 122 with congenital
adrenal hyperplasia (CAH), 15 with maple syrup urine disease (MSUD),
4 with medium chain acyl-CoA dehydrogenase deficiency (MCAD), 22
with glutaric acidemia type I (GA I), 12 with isovaleric acidemia (IVA) and
42 with methylmalonic acidemia (MMA). Thanks to early diagnosis and
continuous follow up, over 120 thousand patients that were diagnosed
via newborn screening avoided being disabled or even the fate of early
death and managed to grow up and live a healthy life. No matter from
the perspective of humanitarian concern or social cost, this newborn
screening system is no doubt the first line of defense that will ensure
population quality and prevent disabilities caused by congenital disorders.

The Strength of Public Health and Medicine in Taiwan
It was the golden times of public healthcare where medical and
academic society was filled with ideality and public servants had plenty
space to develop their specialties. With teamwork of the three fields, a
public healthcare project was established and became a successful model
for future talents to follow. With 30 years of tempering and challenge,
the screening system stood firm and continued to run smoothly. Over
the years, the system even reached nearly 100% implementation rate
and became a model that many countries learn from. In addition, with
the establishment of the comprehensive screening system and constant
devotion from medical, laboratory and health fields, the skills, quality
control and medical treatment for certain illnesses in Taiwan are ahead of
global medical development. These techniques and knowledge have been
shared amongst the international stage and is undoubtedly the strength
and pride Taiwan presents to the world.
As a matter of fact, the successful newborn screening system in
Taiwan originated from a beautiful surprise. To start from the beginning, we
need to talk about the Genetic Health Act.
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Achievements of Newborn Screening
Year

Birth
Number

Screened
Subjects

1984

371,008

24,657

6.7

1985

346,208

38,792

11.2

1986

309,230

71,666

23.2

27

2

0

1987

314,024

117,739

37.5

413

38

3

1

1988

342,031

192,601

56.3

1,665

67

2

1

1989

315,299

214,477

68.0

2,605

65

6

0

1990

335,618

266,312

79.4

2,649

56

4

0

1991

321,932

282,453

87.7

4,430

55

11

3

1992

321,632

302,571

94.1

5,009

49

8

1

1993

325,613

314,781

96.7

5,965

69

9

1

1994

322,938

315,952

97.8

4,868

75

4

4

1995

329,581

320,456

97.2

5,967

56

15

0

1996

325,545

321,282

98.7

6,572

60

6

1

1997

326,002

322,835

99.0

6,427

103

10

2

1998

271,450

267,089

98.4

5,084

119

8

1

1999

283,661

282,395

99.6

5,879

199

7

1

2000

305,312

304,394

99.7

6,187

243

14

0

2001

260,354

255,643

98.2

3,808

175

8

2

2002

247,530

246,479

99.6

4,049

195

6

-

2003

227,070

226,825

99.9

3,320

141

4

0

2004

216,419

217,660

100.0

3,628

165

12

-

2005

205,854

206,614

100.0

3,568

226

15

-

2006

204,459

204,554

100.0

3,491

217

12

-

2007

204,414

203,394

99.5

3,801

162

6

-

2008

198,733

196,234

98.7

3,829

180

6

-

2009

192,455

192,249

99.9

3,436

150

13

-

2010

166,628

166,350

99.8

2,914

182

6

-

2011

198,387

197,789

99.7

3,650

207

6

-

2012

234,575

234,072

99.8

4,523

310

20

-

2013

195,252

195,032

99.8

3,533

267

8

-

2014

211,695

211,272

99.8

4,106

251

6

2

2015

213,598

212,717

99.8

3,726

290

3

-

Total

8,644,507

7,127,336

119,102

4,410

244

20

213,780

213,273

3,972

280

9

1

Average
from
2012 to
2015

30

Screening
Rate

G6PD
Deficiency
(Favism)
Initiation of
newborn
screening from
July, 1987

CHT

PKU

HCU

2

1

0

9

3

0
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Positive Cases
GAL

CAH

MCAD

MSUD

GA I

IVA

Total
Positive
Cases

MMA

0

3

1

13

0

29

0

455

0

1,735

0

2,676

0

2,709

0

4,499

1

5,068

0

6,044

0

4,951

1

6,039

1

6,640

0

6,542

1

5,213

1

6,087

0

6,444

0

3,993

0

4,250

3

3,468

5
3

3,810
Full operation of newborn screening from July 1, 2006
0

0

8

2

3,812

1

18

4

3,753

1

16

4

0

2

4

3

3,999

4

15

2

1

4

1

7

4,049

-

15

1

-

2

2

8

3,627

2

12

4

-

2

-

1

3,123

-

12

1

-

-

-

3

3,879

1

12

0

-

2

2

3

4,873
3,820

-

5

0

1

-

-

6

2

11

1

1

-

-

5

4,385

-

6

2

1

2

1

2

4,033

28

122

15

4

22

12

42

124,021

1

9

1

1

1

1

4

4,278

Reference: Health Promotion Administration
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In the 1970s, Professor Ming-Liang Lee initiated the
clinical genetics service in New Jersey.
He described the establishment process as ‘taking one
step at a time and adjusting along the way’.
It was the same with the genetic healthcare work here in
Taiwan.
The Genetic Health Act was initiated for the purpose
of birth control but the act indirectly facilitated the
establishment of the comprehensive public healthcare
system in Taiwan, which raised population quality and
enhanced maternal and child health.
The revolution of the Genetic Health Act built a solid
foundation for the development of newborn screening for
congenital metabolic diseases.
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↑Population control was the initiative for promoting the Genetic Health Act.

1971 was a historic year in the history of Taiwan public healthcare.
On Mar 17, 1971, Department of Health (DOH) was established and
marked a milestone for public health in Taiwan. The initial organizational
structure of DOH included five divisions: medical affairs, pharmaceutical
affairs, epidemic prevention, healthcare, environmental hygiene and five
offices: planning, secretarial affairs, personnel, accounting and statistics.
The DOH also managed the National Health Research Laboratory,
Food and Drug Administration, International Harbor Quarantine Bureau,
Narcotics Bureau and other medicare units. Before the establishment of
DOH, all domestic health administration work was handled by the Health
Division of Ministry of Interior (MOI) and healthcare duties were assigned
to local health bureaus.
With the closing of the Health Division in MOI, the Genetic Health Act
Draft, which was closely related to newborn screening, was transferred to
the DOH.
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Population Stress Gave Birth to Genetic Health Act
Genetic health is based on the genetic theory and is carried out to
improve physical and psychological health and to enhance population
quality. According to the theories, the entire system should include
examinations from pre-marriage to postpartum such as pre-marriage health
checkup, prenatal genetic diagnosis, newborn screening for congenital
metabolic diseases, genetic tests and genetic consultation. However, in
the 1970s, studies of genetics and molecular biology were just budding
in Taiwan and the public was extremely unfamiliar with the concepts and
contents of these subjects. There was actually a more rational explanation of
promoting the establishment of the Genetic Health Act.
“The Genetic Health Act was initiated for the purpose of resolving the
population stress in Taiwan at that time when no 100% birth control methods
were available,” said Dan-Gui Liu, who was part of the Genetic Health Act
promotion team then and is now retired from counselor of the DOH.
In 1954, Dr. George W. Barclary, a population expert from Princeton
University, came overseas to Taiwan to conduct research on Taiwan’s
population information and problems. The published study by Dr. Barclary,
‘Taiwan’s Population Report’, indicated that with the population growth rate
at that time, the population in Taiwan will equal to the
population in China which was 450
million in 150 years; and in 250 years,
population in Taiwan will exceed the
world’s total population. The population
problems raised in this study aroused
attention and concerns from many
domestic scholars and experts.
Even with the voice of the academic
intellectuals, the already deepened
concepts of the Taiwanese people such
as the tradition of ‘descendants symbolize
prosperity’ and the words of Taiwan
Founding Father that stated the need of
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increasing population to one day retake the mainland prohibited general
discussions regarding birth control and population control. The pioneers
of family planning had to tackle these conventional voices step by step
and seek breakthroughs along the way.

Sensitive Political Environment
Over a decade of struggles and progress, the Executive Yuan
finally promulgated the “Enforcement Regulations for the Family Planning
Project in Taiwan” on May 17, 1968. Prior to this national milestone,
the family planning pioneers have already progressively promoted the
notion and concepts of birth control in the name of “sexual hygiene”,
“family hygiene” and “family planning”. However, with the actions of
governmental and public power, the population pressure in Taiwan at that
time was still heavy.
On May 7, 1971, less than two months after the establishment of
DOH, the Taiwan Family Planning Promotion Committee addressed
the population statistics in Taiwan as follows: according to the world
population study conducted in 1970, the population density in Taiwan
ranked first with 1,489 persons per square kilometer.

↓Former director-generals of Department
of Health, Mr. Chun-Hui Yen (left) and Mr.
Tzu-Chiu Hsu (right).
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This major population statement did not arouse much attention in
Taiwan at the time when many political historic events took place such
as the Baodiao Movement and the passing of United Nations General
Assembly Resolution 2758 in which Taiwan representatives were expelled
from the United Nations. However, with economic changes resulting
in serious population concentration in urban areas and school and
employment problems from the post war baby boom generation, the
population stress turned into a living pressure instead of just figures on the
reports.
Under the post war background, the origin and contents of the Genetic
Health Act were closely related to population control matters. Rumors even
regarded the Genetic Health Act as the ‘Abortion Bill’.
“It was a sensitive subject,” said Ms. Mei Huang many years later,
former employee of the DOH, who was then responsible for promoting the
Genetic Health Act. Hesitations of this bill included the debate regarding
legalization of abortion and the opposing voices in the Legislative Yuan. So
when the bill was submitted to the Executive Yuan, its process was halted
and did not make it to the Legislative Yuan. “At the time, Chiang ChingKuo did not dare sending the bill to the Legislative Yuan due to political
concerns and the bill just slept in his desk for 4 to 5 years,” Ms. Mei Huang
described.

Resolution to the Dispute of Abortion Legalization
Around 1976, the bill was returned to the DOH for amendment. The ad
hoc team focused on addressing the issues that were most likely to raise
concerns by the legislators among which, the most controversial is the
abortion legalization matter.
The original abortion articles in the bill were listed as follows:
A pregnant woman who is diagnosed or proven of the following
circumstances can choose to proceed with induced abortion in her own will:
1. She or her spouse who suffers from heredity disorders, infectious
diseases or mental illness that impedes genetic health.
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2. Any relative of the pregnant woman or her spouse within fourth-degrees
who suffers from heredity disorders that impedes genetic health.
3. She is medically evaluated to be of risk that may cause physical or
psychological illness or even death if retaining the pregnancy or during
labor.
4. Sufficient medical proof that can determine certain risks of developing
fetal malformation.
5. The pregnancy was caused by case of rape.
6. The pregnancy or delivery of the newborn will cause mental illness of the
carrier or will impact the lives of the original family.
An unmarried underage minor or an interdicted person shall acquire
approval from her legal representative to proceed with induced abortion.
If the pregnant woman has a legal spouse, she has to acquire approval
from her spouse before proceeding with abortion. If the whereabouts of the
spouse is unknown or if the spouse is unconscious or seriously mentally ill,
approval from her spouse is not obligatory.
The definition of the sixth clause of this bill, ‘The pregnancy or delivery
of the newborn will cause mental illness of the carrier or will impact the lives
of the original family’, is extensive and can be applied to almost all pregnant
woman. This clause was the most frequently quoted by family planning
promoters but was also attacked most by opposing legislators indicating
that the passing of this bill will cause arbitrary abortion, sexual promiscuity
and many conflicts to moral and social balance. In contrary to this point,
Mei Huang addressed a study by National Taiwan University stating that the
implementation rate of abortion in Taiwan then was already high. The result
of not legalizing abortion will only give rise to illegal abortion but will not
achieve the safeguard of pregnant women.
A year prior to the passing of the bill, the DOH assigned the Family
Planning Institute to conduct a research on the number of pregnant woman
and the outcome of their pregnancy to calculate induced abortion rate.
After official legalization of induced abortion, the research was performed
once in two years and results showed similarity to previous numbers. The
research results indicated that the establishment of the Genetic Health Act
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has successfully brought the original underground abortion situation onto
the surface and there were no evidence present to support the predicted
phenomenon of sexual promiscuity.

Policy Successfully Promoted with Scholar's Support
As for how to determine the types and amount of genetic diseases, at
the age when genetics study in Taiwan was premature, few in governmental
organizations knew. Mie Huang confessed that she was a blank piece of
paper in this field then, so she gathered many renowned pediatricians
including Wei-Chao Chen, Chung-Hsiang Lee and Fu-Yuan Huang to put
together an evaluation committee. Meanwhile, she kept close relationships
with multiple hospitals and clinics to be posted with conditions and
information regarding neonatal congenital diseases. The information
acquired from the evaluation committee and hospitals were submitted
to the Legislative Yuan and helped to push the process of passing the
Genetic Health Act.
Nevertheless, the last mile of the bill was taken to the finish line
when Mr. Tzu-Chiu Hsu returned from overseas in 1981 and took post as
Director-General of DOH. During his post in WHO, Minister of State GuoDing Lee in the Executive Yuan urged Mr. Tzu-Chiu Hsu to return to his
country and be a part of the promotion of this bill. In the years as Director-

↓Former Governor of Taiwan, Mr. Chieh Huang, visited the Family Planning Institute.
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General, Tzu-Chiu Hsu vigorously pushed two matters, one of which was
the passing of Genetic Health Act and the other the “Depot Method”.
The depot method was a long-term birth control method in which
the contraceptive effects can last 8 to 12 weeks by hypodermic injection
and even up to 5 years if inserted by hypodermic implantation. DirectorGeneral Tzu-Chui Hsu introduced this method to health discussions in hope
of accelerating the progress of family planning but many opposing voices
toward the contraceptive effectiveness and its side effects led to dead on
arrival of the depot method project.
Wife of Tzu-Chiu Hsu, Mrs. Shu-Yi Hsu-Weng, recalled that his
husband was extremely dispirited by the defeat of that project. In view
of the situation, his dear friend, Guo-Ding Lee, even wrote a long letter
not just to cheer him up but suggested that he can address the issues to
experts and scholars and win their support for future projects and policies.
This way it might be more effective than fighting aggressively but alone.
Sure enough, projects implemented by the DOH from then on followed this
pattern. The first successful case was the Genetic Health Act then followed
prenatal genetic diagnosis and the newborn screening system.

Genetic Health Doctors Were Our Live Billboards
“This is where you can see the wisdom of Director-General Hsu,” DanGui Liu recalled. One time, Director-General Hsu discussed with her on the
legislation process of Genetic Health Act and told her that whenever a new
policy is out in the sun, the media will first interview experts and scholars in
that field and decide whether to support or oppose the policy according to
the experts’ opinions and statements. Director-General Hsu said that once
we get the scholars on our side, the rest would be much smoother. Hence,
Director-General Hsu, Mei Huang and related personnel pulled out their
connections with many highly respected scholars including Dr. Huo-Yao
Wei, Dr. Ping-Yen Wei and Dr. Tzu-Yao Lee from National Taiwan University
College of Medicine and Professor Kuang-Dong Wuu of National YangMing University Medical College to communicate on the concepts and
details of the Genetic Health Act. Some of these scholars even attended
public hearings hosted by the Legislative Yuan to endorse the bill. “The
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↑Dr. Tzu-Yao Lee.

↑Ms. Dan-Gui Liu.

scholars were very just and professional which drew general support from
the media and it gradually turned into the situation of us tying down the
Legislative Yuan,” described Dan-Gui Liu.
Aside from the endorsement from scholars, the Executive Yuan
also supported the legislation of Genetic Health Act via resources
from Kuomintang Party Affairs System. In addition, Mei Huang and
some colleagues often showed up at the Legislative Yuan to take
the blood pressures and asked about the health condition of many
elderly legislators. Thereafter, with the combination of public opinions,
‘passive-aggressive’ attacks from the DOH and the pressure caused by
Kuomintang Party, this bill finally saw the daylight after a decade. The
legislation was passed in June 1984 and officially implemented on Jan 1,
1985.
Upon the passing of the legislation, Dr. Tzu-Yao Lee advocated for
the establishment of “Genetic Health Physician System” as the Board
Director of Taiwan Association of Obstetrics and Gynecology (TAOG). The
surfacing of this system was to reassure the public that the legislation of
Genetic Health Act will not raise arbitrary abortion rate. During that period,
members from TAOG with Dr. Tzu-Yao Lee in lead gave two to three
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days of trainings targeting gynecologists all over Taiwan on details and
precautions regarding the new legislation. The focus of the training was to
make sure that the physician would consult the patient regarding his or her
physical health, mental health and economic condition and verify whether
the patient is a suitable candidate for the abortion before implementing
actual induced abortion. To encourage physicians to attend in this training,
the DOH provided formal certificates for participants and even permitted
genetic health doctors to publish advertisements on the media at the time
when physicians were not allowed to do so.
In fact, since the Executive Yuan supported the Genetic Health Act, its
contents have been included in the Family Planning Project two years prior
to the passing of the legislation (1982). By July in 1983, “genetic health”
was listed as one of the categories in the Family Planning Project and
governmental budgets also included this category.

The Genetic Health Act Should be Noble
“At that time, I had no clue where to start or how large the scope of this
project was. So I had to go back to school to my professor,” Dan-Gui Liu
recalled.
Initially, Dan-Gui Liu was not responsible for the genetic health
project in DOH. Not until 1981 when Director-General Hsu wholeheartedly
promoted the legislation of the Genetic Health Act and caused many

↓Genetic health physicians.
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original staff to transfer to nursing assignments did Dan-Gui Liu devote
herself to the project.
“I felt that the articles of Genetic Health Act were very sound and it
really systemized the genetic healthcare routines,” said Dan-Gui Liu, as
she was not a part of the committee that drafted up the bill. She kept on
saying: “the abortion subject did not cross my mind, though.” Continuing
her thought, we can trace back to 1984, the year when the Genetic Health
Act was passed, and see that the net reproduction rate (NRR) in Taiwan
was already below the “replacement level”. So when actually implementing
this legislation, the target was to “raise population quality and improve
maternal and child health”, which was a completely different direction from
the original “abortion bill”.
“The concept of genetic health should be noble,” said Dan-Gui Liu. In
1982, the genetic health category was included into the Family Planning
Project and that was when Dan-Gui Liu proactively worked on establishing
a genetic counselling center. Due to lack of knowledge and direction on
the matter, she went back to her college, National Taiwan University (NTU),
and was recommended to Dr. Tso-Jen Wang whose research area was
medical genetics.
“You’re going to Wang for advice? Tell him that you’re Guo-Yu Liao’s
wife and that I said hello,” said Dan-Gui Liu’s husband when she told him
that she was going to pay Dr. Wang a visit. Dr. Wang and Guo-Yu Liao went
to the same medical school and with this additional level of relationship,
Dan-Gui Liu was especially at ease during their discussions. At their first
meeting, Dr. Wang elaborated on what should be done and how the
genetic counselling center should be promoted but Dan-Gui Liu was a
little overwhelmed with all the information. “Right there and then, I asked
him to help me draft out a project and he really gave me a comprehensive
outline which was a huge favor,” recalled Dan-Gui Liu. From then, the
general structure of the genetic counselling center included clinical genetics
counselling, prenatal genetic counselling and newborn screening.

Everything is Simple When You Have the Right People
Furthermore, influenced by the effectiveness of the Family Planning
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Project, Dan-Gui Liu wanted to establish both an evaluation system and
research development system for the genetic health project. With this
motivation, she approached Dr. Chien-Jen Chen, who was a professor in
Department of Public Health, NTU and further took on post as the DirectorGeneral of DOH to help with these ideas. Dr. Chen provided great assistance
on the structure of the evaluation system so the next step was who and how
to actually carry out this system.
Back then in Taiwan’s medical community, there were very few who
specialized in medical genetics research so Dr. Wang suggested that they
should send people abroad to receive overseas training. On the contrary,
with experience in maternal and child health, Dan-Gui Liu felt that they should
hire overseas Taiwanese consultants to assist in establishing the center
so they could not just provide advice from a foreign perspective but can
comprehend fully with local conditions. Taking this into consideration, Dr.
Wang contacted and recommended Professor Ming-Liang Lee who was at
University of Medicine and Dentistry of New Jersey.
Subsequently, Dan-Gui Liu arranged a four-member delegation to United
States to deepen their knowledge about genetic health system structure and
details. The visiting arrangements were taken care of by Professor MingLiang Lee.
Following the delegation, Dan-Gui Liu, Dr. Wang and Dr. Mien-Li Yang
respectively visited United States to inquire into actual implementation of
prenatal genetic diagnosis and clinical genetic counselling. Afterwards,
they introduced the SOP for amniotic fluid transport and prenatal genetic
diagnosis from the United States to Taiwan.
Aside from hiring overseas Taiwanese experts back to Taiwan, DanGui Liu also acquired governmental budget from the Executive Yuan to send
our talents abroad to receive professional training. Thanks to the support
from Executive Yuan, the talent cultivation program went on for a decade.
Currently, experts in this field including Dr. Wuh-Liang Hwu of NTUH,
Professor Lien-Hua Huang of School of Nursing, NTU who has a degree in
genetic counselling, Dr. Dau-Ming Niu of Taipei Veterans General Hospital,
Dr. Pao-Chin Chiu of Kaohsiung Veterans General Hospital, Dr. Shao-Yin
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Chu of Hualien Tzu Chi Hospital and Dr. Shio-Jean Lin who once took post
as Director General of Health Promotion Bureau, were all once cultivated by
this 10-year program. After the cultivation program, these experts, who were
nurtured by the western culture and education, became seeds and continued
to foster our future talents in the medical genetics field. As for the technical
staff, those who are responsible for newborn screening received training in
Japan and others in the prenatal diagnosis center received training in United
States.
“We had a hard-working team so our superiors were very supportive.
The 10-year cultivation program was approved by the management level
without any revision,” said Dan-Gui Liu. After over 30 years, Dan-Gui Liu still
remembered and felt grateful of how the team nicely cooperated, how their
superiors approved of their work and how experts from the public healthcare
community supported and instructed them on the professional matters.
“Targets will always be achieved with the right people on board,” said DanGui Liu.
In 1984, the DOH assigned NTUH and TVGH to establish a Genetic
Health Counselling Center consisting of prenatal genetic diagnosis, newborn
screening and clinical genetic consultation services.

↓Dr. Shio-Jean Lin.

↓Dr. Dau-Ming Niu.
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“I couldn’t remember how many times I stepped into the NTU campus,”
Mei Huang recalled. At that time, Mei Huang had to consult many admirable
and very busy doctors including Dr. Bing-Yen Wei, Dr. Tzu-Yao Lee, Dr. SouMing Chuang and Dr. Tso-Jen Wang but it was very hard to get them in a
meeting room at the same time. Fortunately, with the close friendship with
Dr. Tzu-Yao Lee, Mei Huang finally pulled it off. “After NTUH was on board,
persuading TVGH was much easier,” said Mei Huang.

Genetics Is Related to Every Single Person
There was a hiccup during the establishment of the counselling center in
TVGH. At the time, TVGH possessed the most advanced amniotic fluid center
so Dan-Gui Liu suggested setting up the counselling center at TVGH first.
Since TVGH already had many advanced equipment, the budget provided by
DOH to TVGH was less than to NTUH. This incident caused dissatisfaction from
TVGH and the complaints traveled to Director-General Tzu-Chiu Hsu’s ears.
The Director-General blamed Dan-Gui Liu and commanded her to apologize
to TVGH. However, Dan-Gui Liu explained the decision-making process to the
Director-General and gradually cleared his concerns. Through this experience,
Dan-Gui Liu gained experience on how a health administrative worker should
coordinate with the public health and medical community.
After the establishment of the counselling center, the center invited
experts each year from 1987 t0 1993 to assist in promoting and evaluating
genetic health affairs. Additionally, during the stay of overseas experts, the
center hosted symposiums and seminars to provide relevant personnel
opportunities to broaden their knowledge and abilities in the genetic health
field. In those years, experts that received the center’s invitation and came
to Taiwan included Professor Yu-Fen Hsu from New York Municipal Prenatal
Genetic Diagnosis Center, Professor Lan-Ping Yang from Prenatal Genetic
Diagnosis Center in Yale University and Professor Ming-Liang Lee who was
highly valued by the DOH.
Ming-Liang Lee graduated from National Taiwan University School of
Medicine and went to the United States in 1962 to complete his residency
in pediatrics in Duke University. Then, he acquired his Ph.D. degree in
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biochemistry and molecular biology at Miami University. During 1969 to
1971, he was awarded with the Helen Hay Whitney research scholarship
and worked in Cambridge MRC Laboratory of Molecular Biology as a
postdoctoral researcher. Further on from 1972 to 1976, he held post as
assistant professor in Miami University. By 1977, he was a professor in
Pediatrics and the Chief of Medical Genetics Division in University of
Medicine and Dentistry of New Jersey. Professor Ming-Liang Lee described
that the process of establishing the clinical genetics service system in the
1970s New Jersey was taking one step at a time and adjusting along the
way. Along the way, Professor Ming-Liang Lee, who always had intimate
connections with his hometown, maintained close contact with the medical
community in Taiwan. Therefore, at the beginning of medical genetics
research in Taiwan, he provided a researcher headcount to Tso-Jen
Wang from NTU to do research in New Jersey who became the very first
Taiwanese student of Professor Ming-Liang Lee. Following Tso-Jen Wang,
Hsui-Chuan Lin and Professor Mei-Chih Huang from National Cheng-Kung
University Nursing Department also successively went to United States to
become Professor Ming-Liang Lee’s students.

↓Dr. Ming-Liang Lee and Dan-Gui Liu.
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“He is very serious when it comes to work so people are convinced when he
offers commentary,” Dan-Gui Lui recalled. Every time after the review, Professor
Lee will sit everyone down and start the discussion. The Professor always used
mild expressions such as "we could try…to be better…" so that the evaluated unit
can understand their faults but not feel criticized. Even so, the Professor had his
insistences regarding the lectures.
“I insisted the relevant director to be present. The process of pushing a
policy will only be successful and smooth with the superior’s understanding and
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support,” Professor Lee explained. Dan-Gui Liu recalled that the year Professor
Lee returned to Taiwan and presented at the Seventh Auditorium in NTUH, the
place was packed and even the Director-General of DOH at that time, Ms. BoYa Chang, was present throughout the entire lecture.
“Genetics is a public health issue, not just rare diseases with a few
millionths of possibility. Genetics is related to every single person,” said
Professor Lee. Even though patients with congenital metabolic disorders are
in the minority, many diseases such as diabetes, hypertension, heart disease
and cancer are results of genetic reasons. This was why Ming-Liang Lee
established the Health Promotion Division under DOH when he held post as
Director-General.
Many years later, Professor Lee said that when he carried out the
genetic health actions in Taiwan, one of his concerns was that even though
the motivation of the Genetic Health Act was positive, it could sometimes be
confused with the concept of eugenics. The concept of eugenics has long
been used in the western world as a pretext for genocide so the word “eugenic”
has been casted aside by many westerners. Unfortunately, by the time the
DOH consulted Professor Lee in the promotion and evaluation of this issue, the
Genetic Health Act was already passed and announced. The genetic health
promoters can only emphasize harder to distinguish eugenics and genetic
health when executing relevant activities.

Raising Population Quality & Enhancing Maternal and Child
Health
The Genetic Health Act which was motivated by birth control matters
gradually became comprehensive with adjustments along the way. A
comprehensive service from pre-marriage to postpartum was formed
comprising premarital health checkup, prenatal genetic diagnosis, newborn
screening for congenital metabolic diseases, genetic health checkup and
genetic counselling which took us closer to the goal of “Raising Population
Quality & Enhancing Maternal and Child Health”. Among the various services,
the newborn screening portion was one of the masterpieces in the history of
Taiwan public health.
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“At that time, we had bigger ambition and government
ofﬁcials had far enough insights,” said Kwang-Jen Hsiao
“What we were building was a 100% newborn screening
system. This was an extremely rare thing in the world at
that time.”
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“The kid is gone?” exclaimed Dr. Kwang-Jen Hsiao when he heard the
news from a public health nurse. “My first thought was that we had to find the
kid; if we don’t, the kid will be mentally retarded.”
“This story may as well be the script of a TV series,” said Dr. Hsiao when
recalling the incident. After complete initiation of the newborn screening
system, there was one time they almost had to use the emergency no.8
extension line (the national police network) to find a lost case.

We Almost Used the No. 8 Extension Line
“It was a patient detected with phenylketonuria (PKU),” explained Dr.
Hsiao. PKU patients cannot normally digest protein which can cause severe
mental retardation. If diagnosed early and given special dietary treatment,
most patients will grow up and have normal intellectual development.
First, the laboratory staff found a positive sample in the newborn
screening network. According to protocol, the next step was for the birth
delivery clinic to draw blood from the patient for re-screening. However,
when the nurse found the mother, the unmarried mother had already given
up her newborn baby and was unwilling to reveal any details regarding the
baby’s whereabouts. Dr. Hsiao said that at that time, he and Section Chief,
Dan-Gui Liu, was already preparing to announce this emergency on national

↓
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Members who participated
in the "Study on Congenital
Metabolic Diseases inof
Chinese Population Study" ; in
the front row, Dr. Chia-Hsiang
Chen, Dr. Sung-Ling Yeh, Dr.
Kuang-Dong Wuu, Dr. KwangJen Hsiao, Dr. Pao-Chin Chiu
(left to right).
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↑Many infants with metabolic abnormalities presented no clinical manifestations
but if the illness was not diagnosed early and given proper treatment, it is likely
to bring irreversible physical and psychological damage to the infant.

television and even use the no.8 extension line to find this missing child.
Fortunately, the adopters who found the abandoned baby reported to local
police and said that they were willing to adopt the child when the public
nurse found them.
“We were seriously nervous when discovering this situation,” Dr. Hsiao
said, worried that if the adopter found that the baby was unhealthy, the baby
might be given up again. “I even made a joke about how the government
may have to start adopting children.” Thankfully, the adoption family
received genetic counselling and understood that with proper treatment,
the damage of this inborn errors of metabolism could be prevented so still
decided to adopt the child. Looking back, the infant who almost had to be
searched with the no.8 extension line is now almost 30 years old, married
and continually being monitored and cared by Taiwan’s medical system. He
and his family are living blissful lives and have received genetic counselling
like any normal family. This happy ending was due to the newborn screening
system which from the very start, the executor insisted on a comprehensive
system targeting every single newborn.
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“We have walked this road for three decades now, and at a pretty quick
speed. The screening rate is also at a world-class level,” said geneticist
and former Director-General of DOH, Ming-Liang Lee. He was very proud of
Taiwan’s newborn screening system. “In fact, I think Dr. Hsiao did a splendid
job.”

Dr. Hsiao Would Yell at Us if We Made Mistakes
“Dr. Hsiao was a researcher so especially valued stringency and
scientificity. Additionally, he had an extremely rigorous personality,” Dr. PaoChin Chiu said.
“We take pride in being one of the top screening centers in Asia.
So if we were not on top of our game, Dr. Hsiao would blame us,” joked
Dr. Chuan-Chi Chiang, Director of Chinese Foundation of Health (CFOH)
Newborn Screening Center.
“The screening system was already comprehensive so increasing
screening items was very fast,” said Dr. Yin-Hsiu Chien, Director of NTUH
Newborn Screening Center. Although Dr. Chien felt that there are still
improvements to be made in the additional screening items and self-paid
medical expenses, overall she expressed high appraisal of the current
newborn screening system. “The pioneers have put in a lot of effort in
building this structure. Many countries tried to learn and chase this system of
ours but ran into many obstacles,” Dr. Chien continued.
“The strong sense of mission carried by the scholars in Taiwan
contributes to the success of newborn screening system. Over the years,
Dr. Hsiao had been consistent and built an extraordinary quality assurance
system,” said Dr. Shu-Ti Chiou, former Director General of HPA.
“I was young and had great ambition. Additionally, government officials
had far insights so I thought if we started, we had to do it right,” Dr. KwangJen Hsiao said. “What we built was a 100% newborn screening system
which was extremely rare in the entire world decades ago.”
Kwang-Jen Hsiao graduated from Department of Chemistry, Chung
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Leaders of the newborn screening program targeted to create a 100%
newborn screening system that will beneﬁt every single baby in Taiwan.

↓

Yuan Christian University and in 1978, acquired his Ph.D. degree in
Biomedical Sciences at Mount Sinai School of Medicine, City University of
New York. After that, Dr. Kwang-Jen Hsiao planned to continue his research
at National Institutes of Health (NIH) in the United States. However, it was the
year of the diplomatic termination between Taiwan and United States which
led to the decision of coming back to Taiwan and started teaching in the
Department of Biochemistry at National Yang-Ming University (NYMU). In the
past years, Dr. Hsiao had held posts as associate professor in Department
of Biochemistry of NYMU, investigator in Department of Medical Research
of TVGH, professor and Chairman in Institute of Genetics of NYMU and the
director of NYMU Genome Research Center. Currently, Dr. Hsiao is a adjunct
investigator in the Department of Medical Research in TVGH and the CEO of
Preventive Medicine Foundation, Taipei.
One time during a press conference, Dr. Hsiao indicated that even
though his doctorate research was on enzymology, it doesn’t mean that he
is only an expert in enzymology. As a scholar, he possessed the ability to
independently discover problems and find resolutions. Though with zero
background in clinical laboratory science and have not taken one class
in genetics, he fully exerted his scientific knowledge and rigorous logical
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thinking and worked seamlessly with the professionals in Taiwan’s healthcare
community to build an almost impeccable newborn screening system.

We Found Our Screening Patients from Homes of the Disabled
“I am blessed to have found Dr. Hsiao. Prior to promoting each
project, he always does preliminary research work in advance,” said DanGui Liu, who is responsible for genetic health affairs at DOH in the 1980s.
Interestingly, the first newborn screening-related research that Dr. Hsiao had
conducted was irrelevant to the Genetic Health Act but a screening project
that he was working on his own.
In the 1980s, Dr. Hsiao left National Yang Ming Medical College
and took post at the Medical Research Center in TVGH and started his
research in clinical biochemistry. He hoped that he could apply fundamental
biochemistry research methods on clinical diagnosis and treatment and
investigate the cause of diseases. At that time, he had an academic
interchange opportunity with University of Hamburg in Germany. With
interest in the newborn screening technology in Germany and also curiosity

↓Dr. Kwang-Jen Hsiao (left, standing) and Dr. Kuang-Dong Wuu (middle, standing)
implemented the DBS sampling training for IEM screening of development-delayed
school children.
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regarding the status of newborn metabolic diseases in Taiwan, Dr. Hsiao
achieved an agreement with University of Hamburg to provide blood
specimens from Taiwan and perform screening at University of Hamburg.
Back then, the medical community in Taiwan is unfamiliar with inborn
errors of metabolism (IEM), so many newborns with abnormalities were
mistakenly diagnosed with cerebral palsy or sudden infant death syndrome
(SIDS). Dr. Ming-Liang Lee also pointed out that in the early days, many
doctors thought that some inherited metabolic disorders were unique in
Europe and America and were not found in Asians. After the agreement
between Dr. Hsiao and University of Hamburg, the prioritized task was how
to find patients with IEM in Taiwan.
Most patients with IEM didn’t present clinical symptoms when they were
born but once the symptoms appear, the disease often has progressed to a
stage of causing mental and physical damages. Thinking backwards from
the outcomes, Dr. Hsiao predicted that among the mentally or physically
disabled patients, there may be cases with IEM. Consequently, he gathered
a group of students from National Yang Ming Medical College in which
they collected blood samples from several institutions for medium and
heavy degree disabled children in Taipei. This project was completely
unfunded and all participants worked voluntarily. Dr. Hsiao recalled that
among the participating students, there were Dr. Da-Cheng Qu, now the
Deputy President of Taipei City Hospital, and Dr. Chia-Hsiang Chen, now a
psychiatric professor in Chang Gung Memorial Hospital.
The students collected 551 blood samples and sent them to Germany
for testing. Unsurprisingly, test results showed a few CHT and PKU cases
among the tested samples which proved that metabolic cases were present
at that time and these metabolic abnormalities could have been the reason
that caused the disabilities.
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↑Disc punches are removed from the DBS card for sample analysis.
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The Research Project that Secured the Foundation of
Screening System
In 1982, the Taiwan government fully supported the legislation of
Genetic Health Act and Dr. Kuang-Dong Wuu, professor of National Yang
Ming Medical College, was the genetic health consultant of DOH in that
period of time. Due to reasons including Dr. Hsiao’s independent research
on metabolic disease screening and that the DOH was planning to ultimately
establish a newborn screening system, Dr. Kuang-Dong Wuu proactively
contacted Dr. Hsiao and together they applied for the establishment of a
three-year initial phase research project, the “Study on Congenital Metabolic
Diseases in Chinese Population”. Dan-Gui Liu recalled that since the
government fully supported the Genetic Health Act, she plotted budget from
the family planning project and this research was listed as one of the major
projects in the Executive Yuan.
“This project is the preliminary work before actual enforcement of the
Genetic Health Act. Duration of the project is three years, aiming to gradually
establish the screening, follow-up and treatment system for 5 congenital
metabolic diseases. Subsequently, comprehensive screening for domestic
newborns will be implemented to reduce population of the disabled and
to improve the quality of domestic population.” This was the narrative of
the research project. The three-year project stated a clear target and a
gradual process which shall secure the concrete foundation of the newborn
screening system.
In the first year, there were four targets:
1. Establish screening methods for PKU, GAL and CHT.
2. Assess the occurrence rate of the above diseases with 5,000 children with
intellectual disability in Taiwan as subjects.
3. Develop methods for confirmatory diagnosis.
4. Establish dietary therapy for PKU patients.
In the second year:
1. Establish screening methods for MSUD and HCU.
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2. Follow-up and treat patients with screening results of suspected positive
for PKU or CHT detected in the first year. For the patients final diagnosed
with the disease, implement experimental treatment and provide their
family with necessary genetic consultation.
3. Implement newborn screening on 3,000 newborns collaborating with
hospitals with willingness to participate.
4. Launch sample collection seminars and evaluation meetings; edit the
“Newborn Screening Manual”.
5. Complete amino acid analysis for 50 types of food.
6. Continuing to monitor and assess the dietary treatment for PKU patients.
In the third year:
1. Establish the quality control system for screening procedures of the
newborn screening center.
2. Establish the screening system including four subsystems, “sample
collection system”, “screening center”, “follow-up system” and “diagnosis
and treatment system”.
3. Implement screening 15,000 newborns delivered at different kinds of
facilities.
4. Confirm diagnostic and development assessment methods.
5. Quantitative analysis for galactose and lactose in milk powder.
6. Food amino acid analysis.
Via the three-year pilot project, the four sub-systems, “sample collection
system”, “screening center”, “follow-up system” and the “diagnosis and
treatment system”, in the newborn screening network were established.
Through this network, the specimen of a newborn will be collected by
the sample collection unit; the specimen will be delivered to the newborn
screening center verified by DOH for screening and if the results were
suspicious or positive, further follow-up by public health nurses in different
areas will be necessary. Meanwhile, the delivery hospital will collect
specimen for re-screening and the patients who are positively diagnosed will
enter the diagnostic treatment system and receive medical care.
The operational procedures of four subsystems are detailed as follows:
60

Chapter 3

We Shall Not Lose a Single Baby-A 100% Newborn Screening System

Sample Collection Unit
Sample collection for
primary screening

File on Chart After
Informing the Subject

Delivery

Inform subject and
the sample collection unit

Negative

Screening Centers
Primary screening

Positive

Report

Suspected Positive

Local Public Health
Nurse Assist in visiting and following up
on subject to collect
sample for re-scheck

Fail to
Collect
Sample

Initial Sample Collection
Unit Sample collection for
re-check

Delivery

Screening Centers
Re-check

Negative

Report

Positive or
Suspected Positive
Screening Center
Confirm positive case
results and register
report

Referral Hospital

Verify Diagnosis

Treatment

Follow-up
Management

Local Public
Health Nurse

↑Flow chart of the newborn screening system.
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Sample Collection System
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The first article of the sample collection procedure in the “Newborn
Screening Manual” published by the Health Promotion Administration
(HPA) stated, ‘during the effective period, the system is obliged to
collect sample from ‘every single newborn’.”
To achieve this goal, the sample collection protocol must be
accurate and comprehensive meaning delivery of the sample must
be prompt and correct. In consequence, Dr. Hsiao personally led
some experimental projects in the initial phase. The first project was
to collect samples from students in specialized education classes (for
intellectual disabled) all over Taiwan.
“It was an extreme training for them. They will only feel it when
personally collecting the blood samples,” said Dr. Hsiao. At that
time the project goal was to collect 5,000 samples from students in
specialized education classes all over Taiwan. It would have been
much easier and time-saving if the project addressed well-trained
researchers to do this job, but having the public health nurses to
perform this step will open their eyes to see that there are yet many
children in Taiwan’s society in need of help. This way, they will be more

↓Dr. Hsiao introduced the newborn screening system.
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acquainted with the functions of newborn screening and this was important
for pushing forward follow-up work.
“Section Chief Liu, and Su-Luan Ho and Su-Yin Lin from Institute of
Maternal and Child Health in Taiwan were extremely helpful,” Dr.Hsiao
smiled and kept on saying, “I really couldn’t have accomplished the project
if it weren’t for the assistance from the health administration staff.”
In fact, there was a gap of concept between public health and medical
communities when it comes to the newborn screening subject. There
were occasional murmur from the medical community concerning that the
newborn screening project was promoted by Dr.Hsiao, who had a strong
public health awareness but no medical background. Dan-Gui Liu was
closely connected with the medical community at that time due to her
work and sometimes heard voices that thought Dr.Hsiao “fished out of his
bounds” but she didn’t listen to those voices and certainly never passed on
those comments to Dr. Hsiao’s ears. Dan-Gui Liu kept on providing adequate
administrative resources and let Dr. Hsiao work his magic. “I believed in Dr.
Hsiao’s profession and of course I had my sound judgment!” said Dan-Gui
Liu.
“If someone fished out of their bounds, it must have had something to
do with your incompetent!” Dr. Ming-Liang Lee, who seldom raised his voice,
commented with emphasis when Dan-Gui Liu came across this topic with
him many years later.
“The newborn screening project was a very rare case that brought
administrative units, the medical community and academic circles on the
same boat and even rowed in the same direction,” said Dan-Gui Liu. The
success of this case had much to do with the ability Dan-Gui Liu acquired
while striving to promote the Genetic Health Act.

Testing the Sample Collection System in Rural Places
To smoothly carry out the project, Dan-Gui Liu sent out governmental
letters to educational organizations and health bureaus all over Taiwan. On
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↑A DBS sampling demonstration.
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Former public health
administration staff. In the
front row, second to left is
Section Chief Hsiao Liao and
third to left is Section Chief
Su-Luan Ho.

the other hand, Dr.Hsiao led his research team around Taiwan and launched
seminars in northern, central and southern Taiwan respectively to explain to
local public health nurses the functions and sample collection procedures
of the newborn screening system. During the experimental period, the team
screened 4,744 samples from students in specialized education classes and
found 3 PKU cases and 7 CHT cases proving that the mental disability cases
in Taiwan does have a connection to these two diseases.
In the third year of the research project, the research team selected
hospitals, public health stations, private clinics and the midwifery system to
test and verify its sample collection abilities and the reliability of post office
delivery.
“Of course I remember Dr. Hsiao, I guess we had a special connection,”
said Ms. Hsiao Liao, retiree from Health Bureau, Nantou County Government.
She recalled the workshop hosted by Dr. Hsiao which was presented entirely
in the form of elaborating projected material including how to correctly
handle sample collection tools, spotting the dried blood-spot (DBS) sampling
cards, drying and mailing the samples. Dr. Hsiao was very clear and
comprehensive during his presentation and the well-dressed and courteous
scholar left a deep impression in the audiences’ minds.
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Aside from the lectures, Ms. Liao especially shared with us that Dr.
Hsiao even crossed the geological obstacles to Jenai and Hsinyi townships
in Nantou to collect samples from aboriginal residents. Ms. Liao said that
the aboriginals were extremely cooperative and additionally, she was very
impressed with Dr. Hsiao to have made the effort to go to those inconvenient
areas and pass on knowledge to the local public health units.
During the experimental phase, there were 17,082 samples collected
by three systems (inclusive of hospitals, public health stations, private
clinics and midwifery system) combined. Results showed that the screening
efficiency of hospitals was best and although the amount of samples
collected from Health Bureau, Nantou County Government was small, the
screening rate was quite high. The average screening rate of hospitals and
Health Bureau, Nantou County Government achieved 96.3%. In contrary,
looking at statistics from private clinics and the midwifery system in Hsinchu,
the screening rate of this database was only 52.1% due to 10 out of 26
private clinics unwilling to provide samples. If the 10 clinics were excluded,
the screening rate reached 79%. Dr. Hsiao indicated in the research report
that the government can enhance promotion measures to help the public
understand the functions and benefits of newborn screening and hopefully it
will give incentive to the public to proactively request this service which will

↓Punching the blood spots into
reagent.

↓Delivering the DBS card via mail. Thanks to the
comprehensive post system in Taiwan, the newborn
screening system was successfully taken forward.
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result in an increase of the screening rate in private practices.
Statically, the newborn screening rate rose drastically and has reached
99% in the past 20 years with introduction and promotion by public health
administrations and nurses.
On the newborn screening manual published by HPA, flow charts,
tables, sample collection graphics and ten pages of narrative are printed to
explain the purpose, organizational structure, procedure and technology of
the entire sample collection and screening system. One with a brief nursing
background can complete the sample collection process solely and mail it to
the correct organization with merely the information provided by this manual.
Moreover, the instructions and regulations in this manual have been nearly
unchanged for the past 30 years proving that the project was comprehensive
from the start and that it was indeed effective.

↓Former Chief Hsiao Liao from Fifth
Section, Health Bureau of Nantou
County Government.

↓Former Chief Hui-Mei Chung from
Fifth Section, Public Health Bureau
of Hsinchu County Government.
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The Screening Centers
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As for the actual screening process, NTUH and TVGH have
respectively explored techniques prior to the initiation of the governmentfunded newborn screening system. In the 1980s, Professor Jui-Shan
Chen of NTUH was determined to initiate a newborn screening service
due to clinical demands. Professor Chen recalled that back then, he
had acquired technical support from Japan and the reagents, sample
collection filter papers, scissors and petri dishes were sponsored from
suppliers. He personally conducted the experiments after work and
the pioneer newborn screening service was born. On the other hand
in TVGH, Professor Kwang-Jen Hsiao collaborated with University of
Hamburg in which the medical school students collected samples from
facilities of the disabled and they too started this service without any
funding. In view of these pioneers, after passing of the Genetic Health
Act, NTUH and TVGH were the selected screening centers in the initial
phase of the government-funded newborn screening system.
In the 1990s, TVGH decided to cease the newborn screening center
due to its obligations as a teaching hospital. In 1993, TVGH passed on

↓Dr. Hsiao (left) and Professor Jui-Shan Chen of NTUH on a visiting tour in Japan 30
years ago.
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the newborn screening services successively to Taipei Institute of Pathology
(TIP) and The Planned Parenthood Association of Taiwan. Further on in
2002, the services in The Planned Parenthood Association of Taiwan were
transferred to the Chinese Foundation of Health (CFOH) due to regulations
regarding the unsuitability of juridical association to provide medical services.
As for the quality control of the screening system, the newborn screening
centers have joined the “Japan’s Large-scale Newborn Screening Quality
Assurance System Program” since 1986. In addition, they have joined the
“Newborn Screening Quality Assurance Program of CDC United States
Program” since 2001. In particularly, the QA system of G6PD deficiency
had not been implemented in either Japan or United States, the DOH
assigned TVGH to establish a “External Quality Assurance Program for G6PD
Confirmatory Test” in 1987 and a “External Quality Assurance Program for
Neonatal G6PD Screening Test” in 1999.
Since then, Dr. Hsiao was appointed by the DOH to be responsible for
the integration and supervision of those external quality assurance (EQA)

↓Current status of the newborn screening center.
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↑Staff performing maintenance procedures on screening instruments. The
Health Promotion Administration required backup instruments to be present
in the screening centers to prevent impact on screening efficiency in case
of instrument failure.

programs. Moreover, Dr. Hsiao was also given the task of assembling
the domestically developed G6PD EQA system and the already mature
EQA programs from Japan and United States and reporting to the DOH
and screening centers. The EQA system was put online subsequently
and compared with screening centers worldwide. Whenever the quality
of our screening system had a hiccup, Dr. Hsiao would personally
counsel related personnel and fix the problem instantly. That was why
the Director of CFOH Newborn Screening Center, Dr. Chuan-Chih
Chiang, joked “Dr. Hsiao would yell at us if something went wrong”.
“Handling this type of things is a pain in the neck but we definitely
couldn’t sacrifice screening quality,” said Dr. Hsiao.
“The benefit of information transparency was that once all
information is out, everyone tightens their nerves in fear of being inferior
to others,” explained Dan-Gui Liu. The competitive environment was one
of the reasons that pushed the quality of screening centers in Taiwan.
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Former director of the Health Promotion Administration (HPA), Dr. ShiuJean Lin, recalled that the newborn screening centers were required to
periodically report back to the HPA respectively. However, she felt that the
centers should exchange opinions and suggestions so further then, she
decided that the three centers must all be present during the meetings
so they could compare, discuss and improve. This helped to promote the
program and enhance the quality of service.

The World-Class Screening Centers
In addition, during her post as director, many large-scale hospitals
made great progress in clinical genetics, genetic disease care and genetic
testing development and were eager to establish their own screening center
to provide service to the newborns in their hospitals. However, Director HsiuChuan Lin thought that three centers were enough for the demand at that
time. Moreover, the scale and quality of new screening centers would be
difficult to manage and control if more centers are established.
“A newborn screening lab is very different from a general hospital clinical
lab,” said Deputy Executive Officer of TIP, Ms. Hui-Chen Ho. She recalled that
there was a time that a medical organization visited their screening center
in hope of setting up their own center and discovered that there was much
more to the system than just the screening tests. A newborn screening center
has to screen samples and confirm if the abnormal cases is introduced to the
re-screening system. Sometimes the center has to contact the family of the
subject if they failed to follow through the process and the center may even
have to mobilize local public health personnel to visit the families if necessary.
“A newborn screening center has to spend much more energy than a general
hospital clinical lab,” she emphasized.
Moreover, HPA required the screening centers to have backup
instruments to prevent impact on screening efficiency during instrument
failure. Therefore, each kind of instrument in the center came in pairs. “No
hospital would purchase another identical instrument if there was no demand.
It just doesn’t meet economic standards,” explained Ms. Hui-Chen Ho.
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Deputy Executive Officer
Huei-Chen Ho of Taipei
Institute of Pathology.

Due to the discretion of government officials and project
executioners and self-demands of the screening centers, the quality of
the newborn screening system in Taiwan has remained extremely high
over the years.
“The percentage of misjudgment regarding screening results was
less than 1%,” said Dr. Hsiao and added, “in over 600 screening centers
worldwide, we dare not say the first but we are definitely one of the best.”
Thanks to continuous profit from the system itself and also high
expectations of the administrative staff, the three screening centers in
Taiwan have kept up outstanding quality over the last 30 years. Moreover,
these centers have successively developed even more advanced
screening skills, efficiency and test items, handing out remarkable results
over the years. This part will be detailed in another chapter.
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The Follow-up System
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With the comprehensive sample collection system and high-quality
screening centers, the next step is to follow-up the abnormal cases.
Considering the prevalence of the disease, hospital capability and area
distribution, Dr. Hsiao allocated different diseases to different hospitals
for confirmatory diagnosis. Looking back 30 years, the number of medical
institutes and their capabilities to diagnose these rare diseases were far
behind the ability we have today. Only NTUH and TVGH were qualified to
be the diagnostic centers for the 5 regular screening diseases. As for CHT,
the more prevalent inborn disease, there were NTUH and TVGH in northern
Taiwan, Taichung Veterans General Hospital in central Taiwan, Kaohsiung
Medical University Chung-Ho Memorial Hospital (KMUH) in southern Taiwan
and Mennonite Christian Hospital in eastern Taiwan that were qualified to
handle CHT cases. Furthermore, there were confirmatory labs in each county
and city for the most prevalent G6PD deficiency.
“Demands for G6PD confirmatory test were large. Not only did the
newborn need to be tested but the newborn’s parents and siblings also need
to be tested so the distribution of this test was very immense,” Dr. Hsiao
added.

Using the Public Health Mind to Select the Referral Hospital
At that time, the health administrative units thought that this job should
be done by local public hospitals but Dr. Hsiao felt that the willingness and
convenience of the public should be the first priority. Thus, he inquired public
health nurses from all over Taiwan and selected the most public-supported
hospitals in each area. Take eastern Taiwan for example, Mennonite
Christian Hospital was chosen as the referral hospital in that area since Tzu
Chi Hospital was not yet set up at that time. “Local residents trusted that
hospital and their public health service was comprehensive with enough
medical staff to trace the patients,” Dr. Hsiao explained. Another case was
in Hengchun Township in which the final selected hospital for that area was
KMUH in Kaohsiung instead of the regional Pingtung Christian Hospital due
to transportation convenience and habits of Pingtung residents who prefer to
travel to Kaohsiung for receiving medical care.
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“From this point of view, we can see that Dr. Hsiao had a public health
thinking mind,” said Dan-Gui Liu who was formerly a public health nurse.
Nowadays, the amount of medical institutes and facilities are much
more advanced than 30 years ago so newborn screening referral hospitals
increased greatly. However, the distribution of cases followed Dr. Hsiao’s
idea which was basing on public convenience and the prevalence of
disease. (See “Newborn Screening Operation Unit Directory” on the Health
Promotion Administration website for distribution details.)
Since the most important step of congenital metabolic diseases is early
diagnosis and treatment to prevent possible mental and physical damage,
the follow-up system soon became the primary task of the newborn
screening program.
Similarly, there was a corresponding project to the “Study on Congenital
Metabolic Diseases in Chinese Population”.
In general, the mother and newborn should have been discharged
from the hospital by the time the newborn screening results are available

Staff inputting information of screened subjects.

↑
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and if the results showed positive, suspected positive or suspected highly
positive, the patients need to be re-checked. On this premise, Dr. Hsiao
conducted a pilot project to investigate whether the sample collecting step
should be implemented by public health nurses at the homes of the subjects
or we should urge the mother to travel to the original hospital to receive the
test. Results showed that the action of nurses showing up at the subject’s
home were often rejected from their family so brining the mother and baby to
the original hospital for the retest was a better option. Meanwhile, the tested
family can receive genetic consultation at the hospital and be prepared in
advance.

To Save the Kids, of Course!
The improvement of screening technology alternated the referral pattern
of some cases. Chief Technologist of the Screening Center of CFOH, Ms.
Su-Ming Kao, indicated that CFOH customers are mostly from central and
southern Taiwan and every time the family received a newborn screening
referral notice, the family including the parents, baby and grandparents will
have come all the way to Taipei. In this case, if the confirmatory results were
negative, it seemed troublesome to have the whole family to travel so far; but
if the results were positive, the whole family would be extremely upset.
In order to improve the quality of service and reduce the patient’s family
burden, CFOH especially developed another second-tier screening test for
critical cases which required only additional blood spots on the original DBS
sampling card. The diagnostic rate is close to 100% and if the results were
positive, the screening center can notify the family instantly and transfer the
baby to the treatment system soonest possible to reduce damage to the
minimum.
“This will save up to two days,” Director Chuan-Chi Chiang of CFOH
Newborn Screening Center emphasized. Two days make a huge difference in
these critical cases.
Currently, the “second-tier screening” service provided by CFOH
includes MMA, MSUD and HCU; TIP and NTUH provides such service for
MMA screening.
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In these three screening centers, there is no charge for the
additional tests and the reason was, said Director Chuan-Chi Chiang, “to
save the kids, of course!”

Impact on the Screening System from Centered Thinking
Although the elder generation designed a comprehensive followup system, there remained some areas that are difficult to manage
which bothered new newborn screening workers.
“After over a decade, I still remember that particular case,” Deputy
Executive Officer of TIP, Hui-Chen Ho, said with a hint of frustration.
She described that it was a newborn delivered by a medical center in
northern Taiwan. The newborn’s sample was tested to be positive with
MMA by TIP so the screening center informed the delivery hospital to
immediately transfer the newborn to the designated referral hospital,
TVGH. The delivery hospital demanded TVGH to send an ambulance
to pick up the patient but when the ambulance was on the way, the
delivery hospital suddenly sent a message indicating that they will take
care of the confirmatory tests and treatment themselves.
Apart from the ability to treat, this medical center that delivered

↓Domestic screening centers developed "Secondary Screening" that only
needed additional spots on the original DBS sampling card. This "Secondary
Screening" will improve diagnostic confirmation rate and introduce positive
cases into the treatment system in the shortest period of time.
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Dr. Chuan-Chi Chiang, Director
of Chinese Foundation of Health,
Newborn Screening Center.

the baby did not understand that a referral hospital has the responsibility
to report back confirmed test results and trace the patient’s treatment
process so did not report back any information. When TIP asked the
medical center, there was no feedback and all the family knew was that
the baby had received medical treatment. That was when TIP finally
reported back to the system that this case was confirmed.
“They didn’t have a clue of the regulations of a referral hospital, what
tests to be done, which doctor or genetic counsellor, what data should be
recorded...” Hui-Chen Ho built up her anxiety.
Centered thinking impacts most on CHT patients. Hui-Chen Ho
indicated that treatment for CHT is not hard but many delivery hospitals
diagnose positively screened CHT patients via another blood test and
X-ray instead of following the standard diagnostic protocol. Diagnosis
and treatment directly from the delivery hospital without intervention of the
screening center caused a high percentage of abnormality of CHT cases
in Taiwan.
“Maybe every hospital has their own pressure,” Hui-Chen Ho sighed,
“the pioneers created a clearly defined and reasonable system and we
should cherish this legacy.”
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Diagnosis & Treatment System
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“That year, I attended a newborn screening symposium in Japan and
saw a senior professor from Shanghai who brought both arms full of special
formula milk powder to catch his plane,” Dr. Hsiao said, “that scene sent
me a message that if the following treatment was not ready, there would be
no point in screening the samples in the first place.” However in the 1980s,
clinical genetics in Taiwan was just budding so diagnosis of metabolic
diseases, special dietary care and treatment would all have to start from
scratch. Even with abundant studies from abroad for reference, there still
remained unique obstacles in Taiwan to overcome.
First of all was the special formula supply. Dan-Gui Liu recalled that
before the newborn screening project was formally enforced, she allocated
funds from the family planning project and entrusted Dr. Hsiao to procure the
supply overseas then distribute and utilize the supply.

↓The genetic counselling clinic at Mackay Memorial Hospital hosted by Dr. Shuan-Pei Lin.
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Life and Death Impact from Dietary Therapy
Dr. Hsiao felt that the principle of dietary therapy is to mainly intake
general food and use special formula milk to make up for the nutrition
not included in general food intake. In this case, dieticians have to
develop recipes for metabolic disease patients based on local dietary
habits and ingredients.
In the three-year “Study on Congenital Metabolic Diseases in
Chinese Population”, there were objectives regarding dietary therapy,
food amino acid analysis and dietary therapy manual editing each
year. In 1985 June, the very first “Dietary Therapy Manual for PKU
Patients” was published under funding by the DOH. The editor of the
Manual was Dr. Sung-Ling Yeh, a researcher in TVGH at that time and
now a professor in School of Nutrition and Health Sciences, Taipei
Medical University. Following the publication, many more metabolic
disease recipes and medical food intake guides were published under
promoting efforts from hospitals and patient support groups. Now,
newborns with inborn errors of metabolism can refer to diverse materials
and easily intake adequate nutrition in Taiwan.
“Being responsible for this matter was very stressful. The children
will react instantly if anything went wrong in their diets,” said Ms. ChuJen Wan, a dietician and also current lecturer at Hungkuang University.
Ms. Chu-Jen Wan worked in TCVGH in the 1980s and had the
chance to learn under Dr. Hsiao and Dr. Sung-Ling Yeh at TVGH. After
she returned to TCVGH, Ms. Wan continued her duty as a dietician
until her retirement in 2011. She felt being a dietician who specialized
in the congenital metabolic disease field was an extremely tough job
because each decision was a life and death call. However, the sense of
achievement and deep connection with the patients kept her motivated
to stand in the front line of this battle for over 20 years of her career.
“MMA was the toughest. There were four kinds of amino acids that
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Taiwan's first Dietary Therapy Manual for PKU Patients.
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Clinical dietician, Ms. Chu-Jen Wan.
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couldn’t be normally metabolized by the body of a MMA patient,” Ms.
Wan recalled that back then, amino acid supplements were inadequate
so the only way was through dietary control. Nevertheless, to mix up
a dietary formula that contains appropriate intake of the four amino
acids was a very demanding job and the balance often overturned. She
frequently had to study for two whole hours just to come up with one
dietary prescription.

Completing One's Responsibilities with Empathy
“Maybe I’m just not that lever and brave,” smiled Ms. Wan.
She frequently changed her recipes to bring more diversity to the
patients’ meals. Whenever she designed a new recipe, she strictly
asked the patient to record the meal time and to take a blood test after
exactly three days to see if there were any abnormal manifestations. If
abnormality occurred, she would change the recipe immediately and
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ask the patient to retake another blood test after three days. Then, if the
abnormality was resolved, she would extend the period before the next
check-up. Due to this mechanism, her workload was huge but she also had a
better perspective of the patients’ mental and physical condition. There was
a case that inspired Ms. Wan very much when the father of a MMA patient
asked her to teach him how to develop the recipes so he can personally
prepare his child’s food. The father succeeded in learning this skill after a
lot of effort and afterwards, he even teamed up with another patient’s father
and made an analysis table based on nutritional contents announced by the
Food and Drug Administration which brought more flexibility, efficiency and
diversity into creating the recipes. Not long ago, Ms. Wan ran into Dr. ChingShang Chih, doctor of the MMA patient, and was given the information that
this kid was very healthy and always enthusiastically played video games
when waiting for his check-up.
There are other cases that made her understand that there is more
to a dietician in the medical system. Ms. Wan thought because doctors
generally played a more serious role and social workers and therapists had
limited medical knowledge regarding the specific disease, so the dietician
often naturally become the consultant and listener of the patient and their
family. One time, there was an ALD patient who was about the same age as
Ms. Wan’s child so she treated the patient as her own and even purchased
‘Lorenzo’s Oil’ from a doctor in United States through personal connections.
The patient’s mom also put in a lot of effort and kept the kid healthy-looking.
Once, the kid’s mom heard an ALD case improved from successful spinal
fluid transplant so asked the doctor of this option. The doctor advised
against the idea due to the high risk and low success rate but she didn’t
give up and wanted to hear Ms. Wan’s suggestion on the idea. Ms. Wan
pondered the idea and told the mother, “If it were my child, I wouldn’t take
the risk.” The mother instantly gave up the thought.
“This job requires sympathy. We need to fulfill our responsibilities with
the patient’s perspective,” said Ms. Wan.

86

We Shall Not Lose a Single Baby-A 100% Newborn Screening System

Chapter 3

Mom and Dad always ate delicious fish and meat in front
of me
Ching-Chen Hung, 25 years old, graduate student at NCTU
Dietary-type Phenylketonuria

I am a phenylketonuria patient who was identified by
the newborn screening system. The patients that are a
few years older than me without newborn screening only
started dietary control later on suffered more than me;
the patients who were born later than me were detected
by newborn screening so underwent better control of the
disease. We were no different than others besides the
things we eat.
In first and second grade when my parents were
not familiar enough with the diet, my performance in
class was mediocre. After my dietician, Ms. Ming-Chieh Lin taught us
the principles of dietary control, my academic performance improved
greatly. My grades in junior high and senior high were often among
the best; my performance in physical education such as table tennis
and swimming were good. I grew to understand that diet affected my
health and my parents never controlled what they ate and drank in front
of me. They believed that withstanding the temptation of food at home
will make it easier to control my diet outside. Now, in the face of other
people's dishes, I would not be tempted or have the feeling to have to
restrain the temptation at all. When my friend teases me with the food I
shouldn’t eat, I would jokingly say that if I ate it, I would become Hulk to
intimidate them; then they would get the idea that this wasn’t a joke.
Ching-Chen has completed the courses in the Institute and have
turned in his thesis so is just waiting on his diploma. Now he is already
sending out his resumes targeting technology industry. When applying
for a job, he will explain that he is a patient with inborn errors of
metabolism but is no different from healthy people except for different
diets.
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Make Your Own Growth Curve
The cautious Dr. Hsiao thought that a pediatric growth curve is
a strong reference for dietary control regarding whether nutrition is
balanced and whether physical development is normal. However in
the 1980s, Dr. Hsiao couldn’t find such reference from local Pediatrics
practice and the growth curve data used by local endocrinologists was
obtained from Singapore. At last, he found a set of nationwide height
and weight survey data from children under the age of 6 at the Institute
of Maternal and Child Health in Taiwan so he personally brought this
set of data to the Computer Center and generated a corresponding
development scale. As for the growth curve for children from the age of
6 to 12, TCVGH acquired the information from the Ministry of Education
and generated the graph according to Dr. Hsiao’s method. Many
years later, we discovered that the graph used in Pediatrics practice in
Taiwan was the one originally generated by Dr. Hsiao.
“We must take every factor into consideration. If there is no
existing reference, we have to create our own,” said Dr. Hsiao.
As for the medical care system, Dan-Gui Liu was grateful for Dr.
Sen-Hui Chen, a Pediatric Professor of NTUH who found many regional
diagnosis & treatment medical facilities. “Unfortunately, Dr. Chen was
gone way too early,” Dan-Gui Liu said with regret.
Meanwhile, nominees for the “Ten-year Talent Cultivation Project”
have successively obtained their degrees and returned to Taiwan to
work in the field of neonatal metabolic diseases. The doctors who
returned during that period of time are still currently the backbone of
pediatric genetics in the country.
“At that time, every individual case detected by newborn screening
was a first in the country. Fortunately, there were still references from
other countries,” said Dr. Pao-Ching Chiu of VGH-KS. Dr. Chiu was one
of the participants in the “Ten-year Talent Cultivation Project” and also
the discoverer of the first tetrahydrobiopterin (BH4)-deficient PKU case
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↑The pediatric growth curve; the upper-left graph is the
growth curve generated by Dr. Hsiao.

in Taiwan. The already paralyzed patient came from Kinmen to Taiwan
in hope of receiving correct diagnosis and treatment. Dr. Chiu was in
Taipei VGH at that time and instinctively thought that the patient might
be suffering from PKU due to particular odor of urine and other neural
clinical symptoms. The newborn screening system hadn’t launched
yet at that time, so the medical team ran the screening and tests in the
lab and finally confirmed diagnosis of the non-classical type PKU, but
unfortunately, the patient did not make it to the treatment phase and
died of pneumonia.
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Dr. Pao-Chin Chiu of Kaohsiung Veterans General Hospital.

We Thank our Patients for Giving us the Opportunity to
Grow
After the launch of the newborn screening service, the first screened
PKU patient was also under Dr. Chiu’s care. The patient was confirmed
diagnosis of “tetrahydrobiopterin (BH4)-deficient phenylketonuria (drugtype PKU)”.
The presence of Phenylketonuria (PKU) is due to abnormality in
the amino acid phenylalanine-related metabolic pathways resulting in
accumulation of phenylalanine and its derivatives which will produce
toxic substances and may lead to brain damage or even severe mental
disabilities. PKU is categorized into dietary-type (classical) and drugtype (BH4-deficient). Patients with dietary- type PKU should avoid taking
food containing phenylalanine; patients with drug- type PKU are required
to take BH4 and neurotransmitter precursors as a supplement.
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Starting from 15 days old, the drug-type PKU patient received
neurotransmitter treatment from Dr. Chiu who at first prescribed the
dosages referred by overseas studies. However, the infant showed
convulsion, stiffness, anxiety and other side effects of the drug, so
Dr. Chiu stopped the dosage immediately. Then, she started from
an extremely low dosage and increased the dosage carefully and
observed the drug effect. Gradually, she mastered the treatment and
the child grew up healthy, went to college, got married and has now
moved abroad to New Zealand.
“We thank our patients for giving us the opportunity to learn,” Dr.
Chiu said sincerely.
Our newborn screening diagnosis and treatment system
sprouted and thrived by fumbling and learning along the way. With
growing number of patients detected by the screening system, the

↓ The newborn screening team in Taipei Veterans General Hospital.

91

Three Decades of
Newborn Screening in Taiwan

30

th

↓The DOH decided to initiate the pilot newborn screening program in January,
1984; by July 1985, the national newborn screening service was officially
launched.
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diagnosis and treatment of particular congenital metabolic diseases in
Taiwan has become the leading systems worldwide. Aside from drug-type
PKU, the outcome of newborn G6PD screening and even other genetic
diseases not included in the screening program are equally remarkable.

On the Way to 100% Screening Rate
The feasibility of the newborn screening system and its four subsystems was verified in the comprehensive three-year project, “Study on
Congenital Metabolic Diseases in Chinese Population”. In coordination
with the promotion of Genetic Health Act, the DOH decided to initiate
the pilot screening project in January, 1984. By July 1985, the national
newborn screening service was officially launched with CHT, PKU,
MSUD, HCU and GAL listed as the primary target diseases for newborn
screening. In September 1987, MSUD was replaced with G6PD and
along with the above four diseases, there have been the five routine
screening items.
With the screening system set up and the national screening service
initiated, the clear goal of the pioneers in Taiwan’s newborn screening
system was to reach 100% screening rate.
In the office at the Preventive Medicine Foundation, Dr. Hsiao took
out a photograph that looked like a graduation group photo where nearly
a hundred people lined up in front of the new medical research building
in VGH. It was 1985 and the newly constructed building back then was
called Chih-De Building but in the photo, the building name was not
installed on the façade yet. In the photo, Dr. Hsiao and Dan-Gui Liu found
many familiar faces including former Section Chief Hsiao Liao in Health
Bureau, Nantou County Government, Dr. Eun-Jen Lo from Mennonite
Christian Hospital, former Section Chief Su-Luan Ho of Institute of
Maternal and Child Health in Taiwan and the Section Chief in Keelung
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↑Staff from the screening center contacting the family of newborns.

City Health Bureau who was also Dan-Gui Liu’s classmate in NTU
School of Nursing.
Dan-Gui Liu graduated from School of Nursing, NTU in
1970. In her senior year, she served as an intern at Taipei Public
Health Educational Demonstration Center. At that time in the clinic
department, there were the quite famous gynecologist Dr. Tzu-Yao
Lee and Dr. Chin-Chuan Yeh who later served as chief of Medical
Affairs, general manager of National Health Insurance Administration
and Director-General of DOH. By 1974, Dan-Gui Liu was transferred
to the Health Care Department in DOH as a contractual supervisor to
supervise the family planning affairs.
In the 1960s in Taiwan, the population stress was intense so
many people actively advocated birth control and family planning.
As for those with relevant jobs, no matter public health experts,
sociologists, statisticians and other specialists, they had a clear mind
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↑Without law enforcement or full government subsidy, newborn screening rate in Taiwan still managed
to achieve a peak unreachable by most countries worldwide.
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and idea of direction and believed that they could make a difference
in Taiwan’s society. Those people had a far vision and enthusiastic
work ethics and often possessed a modern enterprise management
style regarding their promotion skills which was establishing a
comprehensive and effective work system based on the foundation
of abundant investigations and experiments. By utilizing hightech equipment as aid, the goal and evaluation statistics can be
calculated and saved in a precise digital management system.
Moreover, by flexibly utilizing the media to advertise different values
and lifestyles, they succeeded in replacing the concept of “more
children, more fortune” into “one is enough and two is just right” in
a short period of time. All of the above-mentioned actions led to the
population control miracle in Taiwan.

↓Group photo taken after the "Newborn Screening for Congenital Metabolic
Diseases Evaluation Meeting" in 1985.
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Success Factors of the Family Planning Project
Regarding the promotion of newborn screening, Dan-Gui Liu found
Dr. Hsiao who had the same enthusiasm and also valued the spirit of
research to help her with system establishment. On the other hand, DanGui Liu applied the success factors of the family planning project onto the
screening system which indeed increased screening rate.
The “graduation photo” was taken after the “Study on Congenital
Metabolic Diseases in Chinese Population Evaluation Meeting” in July,
1985. All members including scholars, doctors, public health nurses and
administrative personnel in the photograph had later joined the national
newborn screening system in 1985 and became allies with Dan-Gui Liu,
the pioneer that initiated the entire project, to continue on the journey to
100% screening rate.
“At first, the reason that we couldn’t reach 100% screening rate was
due to inadequate governmental budget resulting in insufficient hospitals
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joining this system. The problem was not the screening system structure
itself,” said Dr. Hsiao.
The newborn screening service in Taiwan had two major features,
one was on voluntary basis and the other was that the expenses were
not covered by health insurance but at the patient’s own expense and
subsidized partially by the government.
The screening expense was NT$200 and government subsidy only
covered NT$100 due to national financial condition. Dan-Gui Liu said
that at first, the government didn’t even have the budget for the NT$100
subsidy so she moved the 60 million NT dollars originally planned for
contraception equipment to genetic health matters. The contraception
equipment was then purchased by “The Planned Parenthood Association
of Taiwan” and sold through local public health administrations. By
adjusting the use of budget, not only financial stress was relieved but
we could ask the sample collection sites to send the samples to a
government-designated screening center to control screening quality.
As for non-mandatory screening, Dr. Hsiao believed that the
screening system was complete and the staff had their ways so there
was no need to force the patients to achieve 100% screening rate by
law. “Creating a law that interferes with the process was not necessary,”
said Dr. Hsiao.

Our Public Health Nurses Were Outstanding
“In order to raise the screening rate, we needed governmental
powers to be involved,” said Dan-Gui Liu. To improve the sample
collection portion, we needed to start from the midwifery medical units.
In 1980s Taiwan, there were multiple midwifery approaches including
hospitals, private clinics, midwives, public health stations and offices
and only the respective city or county public health bureaus can
supervise these midwifery units. Therefore, Dan-Gui Liu assembled a list
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↓After announcing the rule that midwifery units can charge for newborn sampling testing fees
and consumable expenses, the willingness of hospitals and clinics joining the system rocketed.
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of midwifery units in the entire country from the Medical Affair Division,
DOH, and issued notices to explain the functions and significance
of newborn screening, asking each the willingness to participate in
this system. After the affirmative responses accumulated to a certain
number, she sent requests to city and county health bureaus to find
suitable venues and asked Dr. Hsiao to join the newborn screening
briefings. During the briefings, in addition to describing technical
specifications of sample collection, Dr. Hsiao suggested the public
health nurses to inform the pregnant women to whom they provided
midwifery services of the hospitals that had already joined the newborn
screening system in their respective districts. Dr. Hsiao also suggested
the nurses to recommend the pregnant women to transfer to the
hospitals that provided screening services for their maternal checkups
and delivery.
On the other hand, Dan-Gui Liu discussed with governmental
officials and nurses in each health bureau regarding the reason of the
gap between newborn numbers provided by the Medical Affair Division
and the screened numbers provided by NTUH and TVGH screening
centers. Then, they set targets and convened every three months to
evaluate the results of the corresponding quarter. Awards were given
to cities and counties with outstanding performance and counselling
were provided to the districts that failed to reach target. By meeting
in this occasion quarterly, the local officials and newborn screening
representatives exchanged experiences and shared mutual concerns
and encouragement.
“Our public health nurses were remarkable,” Dan-Gui Liu recalled.
In one of the experience sharing, the nurse in one of the outstanding
districts called each hospital in their district in the name of a pregnant
mother and asked if the hospital provided newborn screening service.
If the hospital did not provide such service, the nurse immediately
informed the hospital that she will not be going for maternal checkups
and delivery. With a few more such calls, most of the midwifery units
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turned to join the newborn screening program. Then, other districts
copied this successful experience and the screening rate increased
rapidly.
Dan-Gui Liu even advertised this program via media to explain to
the public the importance of newborn screening. This action not only
fulfilled the purpose of educating the public but also caused pressure
to the institutions that have not yet joined the program.
“Of course there were difficult institutions,” Dan-Gui Liu pointed
out. There were some large hospitals unwilling to participate in the
program and we later found out that their concern was hoping to charge
the patients for the extra cost of sample collection consumables and
extra labor. Dan-Gui Liu replied to the hospital that they had the right

↓Retired public nurses Ms. Hsu, Ms. Lai, Ms. Dan-Gui Liu and Ms. Hui-Mei Chung
(left to right).
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↑The envelope mailed to NTUH
Newborn Screening Center.

to charge the patient under mutual agreement and administration
will not interfere with the charging process. However, not joining the
newborn screening system will prejudice the interests of newborns so
we still hoped that every hospital would join the system.
Many years later when Dan-Gui Liu talked about the time of
promoting the newborn screening program with retired chief of Public
Health Bureau, Hsinchu County Government and retired public health
nurse Ms. Hsu, they recalled that the workload at the grassroots in
public health administrations were extremely heavy even though
the retirees didn’t experience the pioneer phase of the project in
1984. Ms. Hsu, who worked in Public Health Administration of Xinpu
Township as a public health nurse in the 1990s, told us that there
were over 800 newborns in their township each year averaging 100
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cases for each public health nurse. Their jobs included prenatal
checkups, vaccination injections to the newborns and establish close
relationships with the pregnant mothers. “You just have to tell them
that going to hospitals with newborn screening will safeguard their
baby and they will trust you,” Ms. Hsu told us with pride.

In one of the situations that Dan-Gui Liu felt heartwarming was
that there were some gynecology clinics, especially in remote areas,
that did not charge the patient of the self-paid NT$100. The reason
was that these clinics had experience in the family planning project.
The fee for putting an intrauterine device (IUD) in the patient’s uterus
was NT$50 but many gynecology clinics did not charged their
patients of this fee because after all, once the patient have installed
the IUD in this clinic, she is likely to return to the same clinic for
subsequent pregnancy, birth and gynecological matters. It is not

n the 1980s, Dan-Gui Liu (standing) trained the public health nurses.
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necessary to haggle with NT$50 or NT$100 with a potential long-term
patient.

Newborn Screening Became an Essential Medical
Practice
Thanks to the efforts of public health nurses and administrative
staff, more midwifery units decided to join the system. In the social
background then, the public trust in medical staff was very high so
as long as they requested sample collection, the patient usually
accepted the requests. As for the additional cost, our government
would provide full subsidy to the patient if the patient is really unable
to afford the expense. After a few years of promotion, the screening
expenses in some remote areas were completely covered by the
government.

Newborn Screening Rates
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With the comprehensive system
structure, full participation of sample
collection institutions, low economic burden to
the patients and high participation of patient
and staff, the newborn screening rate soared
up to 99% in 1997 from only 6.7% in1984.
Since then, the rate maintained above 99%
representing that newborn screening had
become an essential medical practice and
every newborn is protected by the system.
Looking at the comprehensive structure
and 100% screening rate, Dr. Hsiao and DanGui Liu have definitely achieved their original
goal of the newborn screening system. The
scholars and doctors that were trained by the
“Ten-year Talent Cultivation Project” have now
successively returned back to Taiwan to face
this nearly impeccable screening structure
and a screening rate that is impossible to
break. However, the now returned backbone
of genetic health service has introduced
newer screening techniques and has
increased screening items aiming to lead
the newborn screening system to another
generation on the foundation built by their
predecessors.
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Expanding the
Screening Items to
Beneﬁt Even
More Patients

As a result of technological progress and public demands,
the designated newborn screening items expanded
from the original 5 to 11commencing July, 2006.
After the utilization of MS/MS and actual implementation
of the screening system,
the screened diseases were often much more than 11 items…
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“Little Good lived in the hospital for over six months until he got
healthy and chubby and was then discharged from the hospital,”Dr.
Dau-Ming Niu recollected the MMA case. In 2007, there were a couple
of newborns that went into coma just a few days after they were born
and were sent to neonatal intensive-care unit (NICU). After acquiring
newborn screening testing results and clinical diagnosis, the diagnosis
was confirmed to be a rare congenital metabolic disease, methylmalonic
academia (MMA). Clinical manifestations of this disease varied greatly
between patients and little Good happened to suffer from severe
symptoms during his neonatal period including vomiting, dehydration,
loss of appetite, shortness of breath and unconsciousness which may
had led to possible death.
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The Child of Veterans General Hospital
Dr. Niu told us that MMA was a very serious metabolic disease and
in this case, the patient had already suffered brain damage during the
fetus phase so even with aggressive treatment, the child’s IQ would not
be comparable with normal children completely. The condition of the
child had improved after the liver transplant and his parents brought
the chubby child home happily. Even so, the child may suffer from
kidney failure in another while so Dr. Niu was not optimistic of the child’s
condition. “I’ll do everything in my power but I hope that one day there
will be a more effective treatment,” Dr. Niu said with compassionate of
a doctor but also a hint of helplessness against the mysterious genetic
disease.
The screened MMA case happened in July 2006 which was after
the new routine items were added to the newborn screening service.
The adjustment of newborn screening contents in 2006 was known
publically as the “Second-generation Newborn Screening”. Before the
decision on the “Second-generation Newborn Screening”, there was
aggressive dispute between public organizations, the medical community
and governmental public health departments in which the parties finally
reached consensus after four to five years of discussion. Even though it
seemed that the screening contents were debatable, but the true problem
lied in the dogma or even the moral issues of the screening system.
Newborn screening is a powerful method that can reduce the
damage brought from congenital metabolic diseases but manpower and
resources may be inadequate in many circumstances. The planners from
the initial phase of newborn screening took into consideration medical
and screening limits and also cost effectiveness so thought only the
diseases that met the following criteria were worth screening:
1. The disease has an effective treatment or a method to prevent
subsequent sequelae.
2. Clinical symptoms of the disease in the neonatal period are not distinct
but will progress rapidly and lead to severe sequelae if not treated
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immediately.
3. The disease has an already existing reliable and economic screening
method.
4. The disease has a high occurrence rate so has the necessity and
value of comprehensive screening.

Our Capabilities may be Limited but We Devote Ourselves
Wholeheartedly
However, as the society increased emphasis on the value of life,
many doctors and researchers devoted themselves into developing
new screening techniques, drugs and therapy even under limited
resources and power and gradually changed the face of traditional
screening. There was another group of parents of children with rare
diseases who organized themselves and gathered every social force
possible to push through the “Rare Disease Control Act”. This group of
parents actively advocated and voiced for the disabled and continued

↓Dr. Wuh-Liang Hwu of NTUH and the first
tandem mass spectrometer in Taiwan's
newborn screening service.

110

Expanding the Screening Items to Benefit Even More Patients

Chapter 4

to demand the government to increase the number of screening items
in the newborn screening service.
Since 2000, the highly mobilized Taiwan Foundation For Rare
Disorders (TFRD) have successively co-worked with various screening
centers in Kinmen County, Taipei City and other areas to promote
the “tandem mass newborn screening technology” and provided
full subsidies to low-income households, aboriginal peoples and the
general public in different stages.
“Taiwan was so brave! There weren’t many places that
implemented the tandem mass (MS/MS) technology but we tried and
we succeeded,” said Dr. Ming-Liang Lee, former Director-General of
DOH. Different methods were used for newborn screening in different
states in America but only few states implemented the MS/MS method.
Taiwan was the first in Asia that used MS/MS for routine newborn
screening, “we have used the most accurate method possible,” Dr. Lee
added.

Introduction of the Tandem Mass Spectrometry
The first facility that utilized MS/MS for routine screening was
the NTUH Newborn Screening Center. Former director of the NTUH
Newborn Screening Center, Dr.Wuh-Liang Hwu, once wrote about
his years in the newborn screening service. From 1984 to late 1990s,
the newborn screening service in Taiwan remained to screen for 5
diseases for over a decade. Dr. Hwu thought that despite the diversity
of congenital metabolic diseases and the effectiveness of newborn
screening as a preventive tool, the reason that led to this long halt was
due to the economic issue for developing a new screening technique
for a disease with very low incidence rate. This reason was also ruled
out by one of the screening criteria: “the disease has an already
existing reliable and economic screening method”. However, the
obstacle was removed after the appearance of the MS/MS technology.
Application of MS/MS in newborn screening was first proposed by
Duke University in 1990. Briefly, the blood sample was esterified and
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injected to MS1 where the molecules are ionized. Then, MS2 implements
a second and more precise ionization and then the data is analyzed
and integrated via the workstation. The MS/MS automation system can
detect samples of extremely low levels, has a broad detection range
and can simultaneously run multiple applications. In newborn screening
application, we only need to analyze amino acid, organic acid and fatty
acid groups of metabolic disorders in blood samples to detect over 20
diseases.

Promotion of "Second-generation Newborn Screening" by
Civil Communities
After the NTUH Newborn Screening Center introduced the MS/
MS system in the 1990s, TIP and Newborn Screening Center of CFOH
followed successively. In March 2000, the three screening centers also
initiated the service for CAH screening and meanwhile, TFRD started to
provide financial aid to the public on this service. This combination was so
called the “Second-generation Newborn Screening”.
TFRD carried out a series of promotion projects including the first
“Second-generation Newborn Screening Pilot Project” in December 2000
where they funded NT$30 for every individual MS/MS screening case
performed in NTUH and China Medical University Hospital (CMUH). In
June 2002, TFRD cooperated with Kinmen County Government and TIP
to push through the “Kinmen Second-generation Newborn Screening
Pilot Project” which fully funded every newborn in Kinmen to receive the
service. By October 2003, the “Second-generation Newborn Screening
Pilot Project” expanded to the aboriginal peoples whom TFRD provided
full subsidy to regarding the newborn screening service and this part of
the project was made possible with the help of NTUH, TIP and CFOH.
By 2004, TFRD accelerated the “Second-generation Newborn Screening
Project” and started to fully support low-income households in receiving
screening for over 20 non-routine congenital metabolic diseases by the
MS/MS method.
With the accumulation of MS/MS newborn screening cases as well
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↑Automatic multiparametric immunoassay system enhances
screening efﬁciency and is also a powerful tool for newborn
screening as of MS/MS.
Tandem mass spectrometer (MS/MS).

as rapid expansion of the screening program, the number of patients
suffering from congenital metabolic diseases and the types of inborn
errors of metabolism increased correspondingly. According to
statistics, during the period from August 2001 to December 2004,
there were 452,845 newborns screened via the MS/MS system and
38 newborns were found with 10 different non-routine metabolic
diseases. The dietary care, disease counselling and medicineproviding matters of these non-routine diseases would demand
more resources and generate more cost which caused tremendous
pressure on the diagnosis and treatment system of the newborn
screening system.

Eight Suggestions from the Feasibility Study
To prevent the pressure from impacting the diagnosis and
treatment system, the Health Promotion Administration commissioned
Dr. Hsiao to execute the “Feasibility Study on Alteration of Domestic
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Routine Newborn Screening Items” in 2003. According to WHO
guidelines and relevant reference studies from domestic and
foreign resources, Dr. Hsiao and experts put forward the following
conclusions:
1. Maintain the original five routine screening items: PKU, HCU, GAL,
CHT and G6PD.
2. Suggest adding six diseases: CAH, MSUD, MCAD, GA I, IVA and
MMA into routine screening panel.
3. Suggest implementing “Pilot Comprehensive Screening” items
including BD, ASA, CIT, PA, HMG, 3MCC, MCD, 2MBCD, BKT,
3-Methylglutaconyl-CoA hydratase deficiency and 2-Methyl-3hydroxybutyryl-CoA dehydrogenase deficiency.
4. Other diseases that can be screened by MS/MS should not be put
into practice before further assessment using data collected from a
“pilot research”.
5. In coordination with the effective screening timeframe, samples

↓Dr. Yin-Hsiu Chien, Director of NTUH Newborn Screening Center.
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are suggested to be collected from the newborn within 72 hours from
delivery. The DBS sample should be sent within 24 hours after collection
and the delivery should be made to the screening center laboratory
before 10 AM of the following day. After receiving the sample, the
screening lab must send out notifications for positive tests of G6PD,
CAH, GAL and MS/MS items within 56 hours after receiving the sample.
The positive case and the referral hospital to perform diagnosis and
corresponding preventive measures should be notified within 7 days
from birth. The most difficult step to control in this suggested screening
protocol is the transportation time of the DBS sample. Therefore, we
suggested HPA to integrate the delivery companies and select the ones
that can conform to screening timeframe demands.
6. Prior to officially implementing the “Additional Test Items to Routine
Newborn Screening” and “Pilot Comprehensive Screening”, the
complete process from sample collecting, sample delivery, screening
in the screening center, confirmatory diagnosis and treatment at the
referral hospital and the follow-up measures should be fully tested
before putting into practice.
7. All newborns in the country, no matter area or family income, shall
receive the “Routine Newborn Screening Service”.
8. Periodical assessment of newborn screening routine items should be
enforced.
According to the assessment results, the DOH promulgated that
routine newborn screening service will include 11 diseases: PKU, HCU,
GAL, CHT, G6PD, CAH, MSUD, GA I, MMA, IVA and MCAD commencing
July 1, 2006.

We Respect the Parents' Right of "Knowing"
In June that year before official implementation of the additional
screening items, HPA announced on a press release: “the national
newborn screening service will initiate new measures including six
additional screening items, raising subsidy for screening and utilize the
tandem mass method in newborn screening. We will provide an even
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↑With MS/MS, we can screen for over 20 inborn errors of metabolism with just one
sample collection from the heel.

more comprehensive newborn screening service to safeguard our baby
citizens!”
On Jun. 23, TFRD pointed out that the new newborn screening
policy which only provides information of the 11 designated screening
categories would deprive of the parents’ right of “knowing”. TFRD
believed that we shouldn’t miss the opportunity of “early detection, early
response” for the reason of “no current treatment or preventive measures
for the disease”. In addition, the screening results can be the reference
for genetic counselling for the parents to search for response measures
and prepare for their next child.
In response to TFRD’s appeal, the DOH invited experts and scholars
once again on Jun. 28 to fully discuss the issue and made a final
resolution: commencing July 1, the parents will have the right to the full
screening report as long as a prior consent form is signed.

Demonstrating Mature Social Pluralism in Taiwan
Since then, TFRD carried out the “Second-generation Newborn
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Screening Pilot Project” in December 2000 where they funded for every
individual MS/MS screening case performed in NTUH and CMUH. By
July 2006, the additional 6 items were finally agreed by multiple parties
after over four years of controversy and put to practice. Moreover, the
informal “Second-generation Newborn Screening” became the publically
recognized phrase for the adjustment to 11 newborn screening items in
2006.
Undeniably, if it wasn’t for the comprehensive newborn screening
system established 30 years ago, the “Second-generation Newborn
Screening” wouldn’t have a foundation to expand on. However, an NGO
took initiative to promote the matter and proactively opened dialogues with
the government and ultimately influenced political decisions. This matter
combined a vibrant civil society organization and a government that is
open to communication. The “Second-generation Newborn Screening”
was not just a public health issue but a demonstration of mature social
pluralism in Taiwan.
However, it was a fact that most diseases screened via MS/MS did
not have an effective countermeasure to treat or prevent its sequelae thus
burdening the public health and medical system.
“As a doctor, I certainly hope to save as much as possible,” said
Dr. Yin-Hsiu Chien, Director of NTUH Newborn Screening Center. In the
2000s, the number of positive cases rocketed due to utilization of MS/MS
and then Dr. Chien joined the Department of Medical Genetics of NTUH to
care for the newborns that were screened.
Dr. Chien admitted that there really wasn’t much she could do for
the babies diagnosed with certain diseases but it would help the parents
to prepare for home care if the doctor walked them through the details of
that disease. She would prepare genetic counselling information including
course of the disease, subsequent symptoms, the level of treatment
currently available and what they can do to prepare for their next child.
Dr. Chien shared with us one of her case that was diagnosed with
“short-chain acyl-CoA dehydrogenase deficiency”. She informed the
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parents that it was a recent-discovered disease but its occurrence rate
was higher than expected and showed diverse clinical manifestations.
According to research, some children with this disease may develop
physical and mental retardation but others did not show any abnormal
symptoms. Therefore, all they could do was continuing to observe the
patient and unfortunately no treatment was available at the time. Even
so, the parents reflected any sign of trouble to this disease until no more
abnormalities came up after two to three years then the parents’ worries
faded with time. In contrast, Dr. Chien tracked down the parents’ blogs after
they missed out on appointments, “it was as if there was no such disease
anymore,” she commented.

Self-paid Screening Items
Dr. Chien thought it was simple to add new screening items to the
system built by the predecessors. “The debate on how many screening
items to be included in the screening program delayed the secondgeneration screening but we don’t see the problem as an obstacle now,”
said Dr. Chien. The “Pilot Comprehensive Screening Program” that included
11 screening items ended two years ago but the screening centers
continued to provide the service and have informed the parents of all test
results. The reason was because using MS/MS to screen all the diseases
did not increase cost and most families kindly accepted appropriate
genetic counselling afterwards regarding the diseases no matter curable
or not. “Sometimes indeed, there were some intractable situations but was
regarded as an inevitable side effect.” Dr. Chien said.
“To increase screening items, there are many levels of problems to
consider in advance such as whether the increased cost should be fully
covered by the government. These questions are worth pondering,” said
former Director-General of HPA, Dr. Hsiu-Chuan Lin. Prior to the promotion
of “Second-generation Newborn Screening Program” by TFRD, Dr. Lin
was a board member in TFRD and by the time the screening program has
arouse public attention, she successively took post as Deputy DirectorGeneral and then Director-General of HPA. After hard work and cooperation
of TRDF and HPA, Dr. Lin believed that the existing screening system with
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the government covering routine items and self-paid items available at their
own expense is workable.
“Newborn screening is just like a health check-up, you can decide how
much you want to spend to take the tests,” said Dr. Lin.
Dr. Lin admitted that it was inadequate that the government only
provided subsidies for routine categories but this was perhaps the reason for
the success of the screening system.

Whose Life is More Valuable?
Screening costs might not cause too much burden, but the follow-up
treatment and care for some diseases is a considerable expenditure.
“Ten million dollars a year may be the medical expense for one child
with a rare disease or could be the total cost of a whole year of nutritious
lunch for one thousand disadvantaged children,” said Dr. Ming-Liang Lee,
former Director-General of DOH. The allocation of resources is always a
disturbing but inevitable matter politicians must consider. Which issues
should be prioritized? Whose life is more valuable? These are all questions
difficult to answer.
Dr. Lee believed that Taiwan’s screening system and technology is by
no means inferior to other countries, “we missed at not discussing the ethical
aspects enough,” commented Dr. Lee.
Indeed, the ethical aspects of newborn screening such as the right
of life of the newborns, the medical-decision right of parent to minors,
differentiation of value of life caused by self-paid screening, genetic diseases
and gene therapy subject to more thorough discussion and apparently, these
answers are not easy to be concluded.
“In a responsible screening system, advantages must outweigh the
disadvantages,” said Dr. Shu-Ti Chiou, former Director General of HPA and
she emphasized, “money was never the primary issue; we fear the most of
hurting others.” Dr. Chiou who specialized in epidemiology and preventive
medicine pointed out that when screening a rare disease with a one hundred
thousandth occurrence rate, even the most qualified screening technology
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↑Dr. Su-Ti Chiou, former Director-General of Health Promotion Administration.

that can reach 99% sensitivity and accuracy will have 999 falsepositive results before screening out one actually positive case. The
999 false-positive subjects that have to go back to the hospital for
confirmatory diagnosis not only will cost them time and money but
have to burden the tremendous mental impact of receiving the bad
news. “Even if the confirmatory diagnosis results showed that the
child is normal, the family will perhaps never get rid of the fear of the
disease,” said Dr. Chiou.
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In addition, some diseases that do not fit the criteria of early diagnosis &
early treatment or the treatments that do not improve the patient’s condition
should be considered whether it is included suitable in the screening
program. Dr. Chiou cited an example of prostate cancer screening where the
vast majority does not show any symptoms. However, once screened, almost
half of older men in Taiwan have to be treated, and the side effects and high
risk of such treatment would greatly affect the quality of life. Screening of
such disease significantly showed more harm than good, therefore should
not be implemented.
“Disease screening is not a social welfare. If the advantages outweigh
the disadvantages, we should do it; and if not, then we don’t do it. Money is
certainly not the most important issue.” Dr. Chiou emphasized once again.

Taiwan's Medical Community is Adorable
Taiwan's health and medical community did not stop because of
how many types of disease to be screened or lack of ethical discussion
but instead developed new screening technology and enhanced
healthcare services under a well-established screening system built by
their predecessors to serve more patients with genetic disease in need of
help. They utilized their respective specialties to reduce the regrets of the
screening system itself in hope of reducing healthcare costs and sustaining
life equivalents.
“Taiwan's medical community is adorable; many people are doing
things that makes no money," Dr. Lee casually named Dr. Dau-Ming Niu, Dr.
Wuh-Liang Hwu, Dr. Shuan-Pei Lin, Dr. Fuu-Jen Tsai…. “These doctors threw
themselves into unpopular medical fields not for money but for a sense of
purpose,” Dr. Lee concluded.
The newborn screening system has been running for 30 years, and
under this system, the public health, medical diagnostic and laboratory
techniques and genetic disease treatment in Taiwan have made great
progress and some even became global leaders. This miracle was created
by a group of medical practitioners with a significant sense of purpose. Their
story will be told in the next chapter.
121

Chapter 5
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Over the 30 years, the health community in Taiwan
has stood on the concrete foundation of newborn
screening system to develop and strengthen
screening techniques,
To improve treatment of congenital metabolic
diseases,
And to create many “world’s first” and the “pride of
Taiwan”.
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Lack of Quality Control in Screening
for G6PD Deﬁciency
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An infant with neonatal jaundice
undergoing phototherapy.

In 1961, fava beans were promoted in the Farmers’ Association of
Zhubei District, northern Taiwan. During February and March that year
in the harvesting season of fava beans, a strange disease suddenly
spread in the district. The 14 patients that were diagnosed with the
disease were all under the age of 6, mostly boys, and suffered from
fever, pale skin, bloody urine and slight jaundice. After just a few days,
five of the six patients died of the disease. The public health scholars
put on an emergency investigation and discovered that the children had
acute hemolytic anemia caused by ruptured red blood cells and loss of
hemoglobin. In addition, the investigation recorded that all of the cases
ingested cooked fava beans making this the first acute hemolytic anemia
incident in Taiwan caused by ingestion of fava beans.
Further research showed that these patients lacked glucose-6phosphate dehydrogenase (G6PD) activity in their red blood cells making
the cells susceptible to destruction leading to hemolysis when exposed
to certain substances such as oxidizing drugs, fava beans, mothballs,
gentian violet solution, anti-malarial drugs, sulfonamide and some
antipyretic analgesics. The onset of the disease usually occurs within 24
hours and severe cases usually require urgent blood transfusion in order
to prevent death.

125

Three Decades of

30

th

↑

Newborn Screening in Taiwan

Dr. Kwang-Jen
Hsiao illustrated on
prevalent areas of
G6PD deficiency
over the world.

Dr. Hsiao recalled that initially in 1984, G6PD deficiency was not one of
the five routinely screened diseases in Taiwan’s newborn screening program
since it was not a routinely screened disease in other developed countries.
However, to cope with the disease, the DOH assigned Dr. Kwang-Jen Hsiao,
Dr. Kuang-Dong Wuu, Dr. Chien-Jen Chen and other respected doctors to
conduct a three-year study, “Screening and Sequelae Prevention of G6PD
Deficiency in Taiwan” in the early 1980s. By September 1987 after thorough
research and the maturity of the screening method, G6PD officially replaced
MSUD, which had no record of positive screened cases at that time, as one of
the five routinely screened diseases. According to statistics of the following two
years, the prevalence rate of G6PD in Taiwan was approximately 2% (3% male
and 0.9% female).

The Metabolic Disease with Highest Incidence Rate
There are over several thousand patients screened positive of G6PD
each year and along with the confirmatory diagnosis work for their family, the
workload could not be handled by just a few medical centers. In addition,
patients with G6PD lived in different areas all over Taiwan and even outer
126

The Pride of Taiwan - Newborn Screening

Chapter 5

islands. Considering the overall workload and convenience for the public, the
DOH set 18 referral hospitals in different districts for confirmatory diagnosing
positive cases and providing medical service and genetic counselling. To
ensure the service quality of these referral hospitals, a standard practice for
referring and confirmatory diagnosis was established. Additionally, there was a
quality assurance (QA) system to control the quality of related medical services
in these hospitals.
According to the “Newborn Screening for Congenital Metabolic Disorders
Achievement Table”, there were 7,127,336 newborns screened from 1987
to 2015, among which 124,021 were detected with congenital metabolic
diseases. Among the positively-screened cases, 119,102 newborns were
G6PD cases making it the most prevalent congenital metabolic disorder in
Taiwan.
There is a piece of information that can reflect the difference of medical
care for G6PD patients before and after the implementation of newborn
screening.
According to the research done by Dr. Mei-Hwei Chang and Sen-Hui
Chen of NTUH before G6PD was listed in the screening program as a routine
screened disease, 75% of the newborns with jaundice that are admitted to

↑Pioneers that participated in“Screening and Sequelae Prevention of G6PD Deficiency in Taiwan”; in
the front row, Ms Dan-Gui Liu, Ms. Su-Luan Ho, Dr. Kuang-Dong Wuu, Dr. Kwang-Jen Hsiao, Dr. ChienJen Chen (left to right); in the back row, Dr. Pao-Chin Chiu (right), Ms. Su-Ying Lin (second to left).
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Newborn Screening in Taiwan

G6PD deficiency is the EM disease with the highest
occurrence rate in Taiwan.

the hospital suffered from G6PD and 40-50% of whom died from the disease.
Additionally, about 60% of the admitted G6PD patients that survived the
disease suffered from hearing impairments, athetosis, severe mental disorders
or other complications.
However, in a research published in 2005 by TVGH, there were only 10
patients out of 1,630 newborns hospitalized due to neonatal jaundice in need
of blood exchange transfusion; only one of them had G6PD deficiency and not
one baby died from it.
“In the history of newborn screening, this was the project that saved most
kids,” said Dr. Hsiao.

The World's Only International External Quality Assurance
Project for Neonatal G6PD Deficiency
Since 1999, the DOH has commissioned Dr. Hsiao to conduct a
“International External Quality Assurance Project for Neonatal G6PD
Deficiency” in order to ensure the screening quality of the disease in three
screening centers in Taiwan. The purpose of the project was to efficiently and
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accurately screen out positive cases for G6PD and promptly refer to a referral
hospital for proper confirmatory diagnosis and preventive counselling to avoid
occurrence of sequelae. At that time, there were no screening centers that
implemented external quality control on the G6PD screening test. Dr. Hsiao
developed the EQA program for neonatal G6PD screening test solely making it
an extremely successful byproduct of Taiwan’s newborn screening system.
"As of today, we are still the only one in the world doing this." Dr. Hsiao
proudly said, "preparing for the G6PD quality control samples is very difficult.
US CDC wanted to take reference of our experiences so asked for our
assistance on testing their samples." (By end of 2015, US CDC has announced
their International External Quality Assurance Service for Neonatal G6PD
Deficiency.)
In 1984, Taiwan initiated the newborn screening program; in 1986,
domestic screening centers joined "Japan’s Large-scale Screening Quality
Control Center-Interlaboratory Quality Control of Newborn Screening"; by 2001,
we joined "United States Centers for Disease Control and Prevention-Newborn
Screening Quality Assurance System". However, these two external quality
control systems did not include the quality control item for G6PD so the DOH
then commissioned Dr. Hsiao to establish a quality control program for the
disease.

Accepting Overseas Screening Centers into the Quality Control
System
Dr. Hsiao said the original intention of the DOH was to monitor the quality
of just three domestic screening centers, but he believed that interlaboratory
quality control needs more than 20 members to generate a valid comparative
analysis. Therefore, he accepted other overseas newborn screening
laboratories with G6PD screening to participate in the EQA system in order to
meet international standards and credibility for interlaboratory quality control.
Due to long-term support from DOH, the quality of G6PD screening
became more and more stable. Limited by the original grant of just including
the three domestic screening centers, Dr. Hsiao had not promoted the program
internationally. However, screening centers worldwide have constantly shared
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information and successively joined the program since 1999. Currently, 46
screening centers from 15 countries around the world, which is almost all
the countries that perform DBS sample collection by heel-puncture, have
participated in “Preventive Medicine Foundation EQA Program” of neonatal
G6PD screening hosted by Dr. Hsiao.
There is a world map hanging on Dr. Hsiao's office wall marked with
various colors and shades showing the countries with high prevalence rate
of G6PD deficiency. These areas include India, Vietnam, Thailand, Turkey,
Greece, Lebanon, Mexico, the Philippines and southern China. On the other
hand, Australia, Germany, Switzerland, etc. are countries with relatively more
immigrants. Both groups of countries are now within the service range of EQA
program provided by the Preventive Medicine Foundation, Taipei.
As for the external quality assurance of G6PD quantitative determination
for confirmatory diagnosis, TVGH have already developed a program in 1987.
Until 6 or 7 years ago, the United States (CAP) and Australia (RCPA) had come
up with a similar QC program. "But they only perform the proficiency test; we
cover additional services such as trouble shooting, providing calibration sample
standards and improvement of genetic counselling," Dr. Hsiao said.

Only We Have the Ability to Do This in the Entire World
"This is the only service in the WHO system that Taiwan can provide to
the whole world," Dr. Hsiao slightly raised his voice to emphasize, "we have
the ability to do this in the entire world." The counselling case in Philippines
that helped them improve their screening quality was one of Dr. Hsiao’s finest
achievements.
Dr. Hsiao said that newborn screening in the Philippines was developed
later than Taiwan. They initially referred to the newborn screening systems
in Japan and Australia and received assistance from United States, Japan,
Australia and other countries regarding G6PD screening and quality control.
However, through 10 years of development, their quality control and screening
system for G6PD is still not very satisfactory.
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↑Dr. Hsiao in the Philippines to assist in improving their newborn screening system. (Dr. Padilla, second
row, ﬁfth from left)

experience in newborn screening. First, Dr. Hsiao discovered that the G6PD
newborn screening program in Philippines lacked referral hospital system.
Subsequently, colleagues of PMF visited Philippines several times to assist in
establishing the confirmatory laboratory test in referral hospitals around the
country. Referral hospitals grew from only 5 or 6 hospitals into 21 throughout
major Philippine islands. Since then, the G6PD newborn screening system in
Philippines took Taiwan as an example.

Demonstrating Taiwan's Public Health Strengths
As for the quality control part of newborn screening, PMF provided
technical support, QC samples and statistics analysis. Dr. Hsiao said that the
EQA results of G6PD confirmatory tests in the Philippines was "about as poor
as in US (CAP)". Up to a few years ago, they were about the same level as
Australia (RCPA group) but still haven’t reached 50% of Taiwan. The principle
investigator of Philippines’s screening center felt depressed when hearing
these comments but Dr. Hsiao comforted her that they have already improved
greatly. After constant consultation and assistance, the quality continued to
improve these two years and the principle investigator was quite satisfied
with the results. Dr. Hsiao then reminded her that their quality still lagged 10%
behind Taiwan and there is still room for improvement.
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World-class Treatment for
Drug-type PKU
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“Dr. Chiu? Dr. Chiu, do you remember me?”
Several years ago, Dr. Pao-Chin Chiu came to Taipei to for a
conference and was suddenly called on by a woman when walking on
Dunhua S. Road., Dr. Chiu thought the women looked a bit familiar but
the women didn't waited for Dr. Chiu’s memory to come to mind and
immediately told Dr. Chiu that two of her kids received Dr. Chiu's care
more than 20 years ago at TVGH and now the kids’ condition is very
good. The women even excitedly pulled Dr. Chiu and asked her to
come home to sit for a while and see the children.

The Child that was Mistaken for Cerebral Palsy
"The younger brother was good at painting and his health was
in good condition; their walls hanged a lot of his work. The sister was
not at home that time, I remember that she was at a social welfare
organization doing part-time work," Dr. Chiu talked about these
children with a shallow smile on her face in a tone a little bit gentler
than her usual soft voice.

The Huang sister who did not go
through newborn screening and was
not detected with PKU at birth had
started treatment when she was two
years old. As of now, she is able to take
care of herself and she smiled while
introducing her paintings.
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Dr. Chiu recollected that in 1986 when she was a pediatric attending
in TVGH, this mother brought two kids to seek medical advice. The sister
was 2 years old with whole-body paralysis, even her eyeballs could not
turn and had already depended infusing food to stay alive. The 9-month-old
younger brother also presented symptoms including muscle weakness,
frequent twitch, and whole-body stiffness. At that time, the newborn
screening rate had not yet reached 100% and the two children were not
screened by the system so were both mistakenly diagnosed with cerebral
palsy. Dr. Chiu thought that cerebral palsy was not inherited and the
probability of them both having the same disease was extremely low.
Additionally, the course of cerebral palsy is not gradual, so final diagnosis
of the children was PKU.
"Dr. Hsiao is very serious about what he does and always thinks
further steps forward in advance. So the treatments are already in place
after screening results are out." Dr. Chiu indicated that drug-type PKU
had a very low incidence rate in western countries, only about 1% -2% out
of total cases of PKU. Even so, Dr. Hsiao introduced tetrahydrobiopterin
(BH4) and neural transmitting drugs that originally produced by overseas
laboratories into Taiwan via personal relationships. Once a child is
diagnosed with PKU, he or she is given BH4; if there is no response, then
the patient it is diagnosed with dietary-type PKU (classical).

We Were a Bit Bold
"At that time, our practice was a little bold," Dr. Chiu remembered that
our screening techniques could not differentiate drug-type and dietarytype PKU so domestic doctors treated all PKU patients with dietary control
and never considered the possibility of drug-type PKU occurring in
Taiwan. However, Dr. Hsiao referred to foreign research and implemented
bold medication. Initially, patients presented a number of side effects of
neurotransmitter drugs, so the physicians gradually adjusted the dosage
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Dr. Dau-Ming Niu.
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and the medication showed significant effect and almost no sequelae.
"Everyone was learning along the way. Fortunately, we did not cause
irreversible consequences and we thank our patients to give us the
opportunity to learn." Dr. Chiu said.
As for the pair of siblings, the sister’s eyes was able to rotate after
two days of treatment and was able to walk a month later; her brother’s
illness was found early so had an even better recovery. In 1990, Dr.
Chiu was transferred to Kaohsiung Veterans General Hospital and
the two children was continued to be cared by Dr. Dau-Ming Niu at
TVGH. The mother thanked God for having met the good doctors and
has since been a volunteer at the "PKU Care Association" established
by Dr. Niu. Afterwards, Dr. Niu expanded the scope of services
and reorganized the association as “Association of Congenital
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and Inherited Metabolic Disease (ACIMD)”, and the mother is still an
enthusiastic volunteer.

The Best Treatment in the World
Having accumulated years of experience and continuing to care
patients with metabolic diseases, Dr. Niu tracked the 12 sick children
who were diagnosed with drug-type PKU by TVGH through newborn
screening. Under the care of the medical team, he found that the
average IQ of these children was 97, which was much higher compared
to the average IQ of 76 in overseas studies. In 2008, Dr. Niu published
his treatment and research results, Long-term Follow-up of Taiwanese
Chinese Patients Treated Early for 6-Pyruvoyl-tetrahydropterin Synthase
Deficiency, and was published by the leading journal of neurology in
United States, Archives of Neurology in 2008. The study was very well
received and the editorial of this journal reviewed as follows:
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The therapy for drug-type phenylketonuria showed a refreshing
milestone……meaning that beginning aggressive treatment within a very
short period of time after birth is still somewhat useful fighting against these
diseases.
This is an extremely outstanding research report and a very successful
case from the aspect of drug-type PKU via newborn screening...... I believe
this article is absolutely necessary to be published.

↓Yao-Chen Yang, a PKU patient who is admitted to NTU this year; on the left
is Dr. Niu.
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The study showed remarkable effectiveness of newborn screening
in Taiwan and that Taiwan’s medical community created world-class
treatment outcomes on this basis.
"Thanks to those older patients, from them, we discovered how much
dosage to give to our patients is better." The shy and cordial Dr. Niu has
always been honored by his patients and their families. Although he was
relatively young, everybody called him Uncle Niu, even Dr. Hsiao said,
“Uncle Niu is best at treating drug-type PKU.” Even with international
recognition, Dr. Niu still humbly thanked a lot of people. In the 2008 press
conference for treatment results, Dr. Niu wrote in a press release:

Practice Basic Skills in the Laboratory
“To achieve the world's first therapeutic effectiveness, I concealed
many backstage heroes. First, HPA of DOH established a sound and
effective newborn screening system 20 years ago and has provided
continuous support and guidance over all those years so that Taiwan's
newborn screening can achieve world-class standards. In addition, the
two newborn screening centers that cooperated with this hospital—CFOH
and TIP, adopted the highest specification and precise laboratory method.
Their staff often sacrificed their weekends and when coming across a
positive case, they would aggressive contact TVGH and the sample
collecting unit in the shortest time for the patient referral to diagnosis,
checkup and treatment soonest possible. Professor Hsaio and Dr. TzuTzu Liu of National Yang Ming University (NYMU) perseveringly helped
this hospital to establish a standard confirmatory diagnosis procedure for
drug-type PKU. The high-quality medical team of this hospital provided
assistance and care to the patients and family members on medical
treatment, social resource and psychological care.”
Dr. Niu remembers clearly that when he went into Dr. Hsiao’s
laboratory for the first time, Dr. Hsiao wanted him take it slow on the
experiments and first practice operating the micropipette. The work Dr.
Hsiao gave him was to dispense 200 microliters of water 10 times in a row
and see whether it is exactly 200 microliters every time. He told him that
138

The Pride of Taiwan - Newborn Screening

Chapter 5

↑Thanks to the efforts of Taiwan's medical community, drug-type PKU patients can now receive effective
treatment without the pain from lumber puncture.
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he had to repeat again and again until he mastered the micropipette and
can be fast and precise.
In 1990's, Dr. Niu applied for subsidy from National Science Council
and DOH and left for Duke University to continue education. He met Dr.
Yuan-Tsong Chen who invented the treatment drug for Pompe disease
and the tandem mass spectrometry technology for newborn screening was
under development at Duke University.

Saving Children from the Pain of Lumbar Puncture
In 1997, Dr. Niu completed his training and came back to TVGH.
On the foundation built by Dr. Hsiao and Dr. Chiu, Dr. Niu continued
to research on the treatment of drug-type PKU. Dr. Niu implemented
close clinical observation rather than doing lumbar puncture to detect
neurotransmitter concentration performed in other countries and adjusted
dosage depending on the reaction of the patient.

←The BH4 drug given to drug-type PKU patients.
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↑The Huang siblings, both drug-type PKU patients, have recovered remarkably with proper treatment.

Dr. Niu explained pathogenic mechanism of PKU lies in the human
liver metabolic defect in the process of turning phenylalanine into tyrosine
resulting in a large number of phenylalanine accumulation in the body. The
accumulation will produce a lot of toxic metabolites causing brain damage.
For drug-type PKU patients, in addition to the above-mentioned metabolic
defects, they also suffer from neurotransmitter synthesis deficiency in the
central nervous system resulting in more severe clinical symptoms than
dietary-type PKU, so it is called "malignant PKU" in the past. According to
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empirical treatment abroad, intellectual impairment caused by the
disease was inevitable even with early treatment.
Children suffering from this type of disease must be
supplemented with neurotransmitter drugs, but the side effects
of these drugs are dramatic, so western countries generally use
periodical lumbar puncture to measure the concentration of
neurotransmitters in the patient's spinal fluid to determine the doses

↓Yao-Chen Yang and his family; his sister (middle) is also a PKU patient.
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used; however, parents in Taiwan are generally difficult to accept
frequent lumbar puncture to their children, and the TVGH and NYMU
team judged by clinical experience that referring to concentration
of the neurotransmitters in the spinal fluid to determine dosage is
often too conservative, so they boldly increased the dosage and
established a hotline between patients and their families for them to
feedback on status as reference for future dosage. The results were
not only are Taiwan's sick children free from lumbar puncture but
also the prognostic performance is nearly same as normal children.
The research by Dr. Niu that was published by the famous medical
journal indicated dosage of neurotransmitter drugs and has become
the world's most frequently cited reference data for treating drug-type
PKU patients.

Growing Up like Normal Kids
Among Dr. Niu drug-type PKU patients, many of them were
excellent in their academic performance. There were two pairs of
fraternal twin patients even developed better academic performance
than their normal sibling. These cases proved that the treatment for
children with drug-type PKU in Taiwan indeed allowed patients to
grow up like normal children.
"We are going to Janfusun Fancyworld this July and there is our
annual milk-drinking contest; you can come and take a look at our
children." Dr. Niu said. ACIMD organized outings for the children and
this summer, the children's voted to go to Janfusun Fancyworld and
Uncle Niu will certainly be present.
The doctor that calls his patients "our children", not only brought
drug-type PKU treatment in Taiwan to be the world’s first, but also
actively involved himself in the research of other lysosomal storage
diseases such as Fabry disease, Gaucher disease and Pompe
disease. We believe that, under joint efforts of the medical profession,
there will be more public health and medical number ones for Taiwan
to create.
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Price of Love
-Screening and Treating Lysosomal
Storage Disorders
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In 2010, the Hollywood film "Extraordinary Measures" was not staged
in theaters but directly went to the DVD sales channel. This movie caused
exciting discussion in medical circles and between Taiwan rare disease
patients. In the film, Brandon Fisher played a painstaking father going
around to find the antidote for his daughter’s deadly congenital disease;
Harrison Ford portrayed an almost paranoid scientist. The two spent all they
had and together finally found the treatment for the disease. The story was
adapted from the book The Cure by a Wall Street Journal reporter, Geeta
Anand, and this book was based on the true story of former director of
Institute of Biomedical Sciences of Academia Sinica, Dr. Yuan-Tsong Chen,
who developed the antidote "myozyme" for Pompe disease after 15 years of
research.

Doctors are No Longer Powerless
Dr. Yuan-Tsong Chen said in an interview that if a doctor told the
patient's family, he finally determined what disease their child is suffering
from but then told the parents that the child only had a few months to live
and there is nothing we could do. We, as physicians, are simply not enough.
Prior to the development of new drugs by Dr. Chen, Pompe disease is such
a disease that made doctors powerless.
Pompe disease is also known as acidic maltose enzyme deficiency or
glycogen storage disease type II. The cause of the disease is that lysosomes
lack of an enzyme called acid maltase, causing accumulation of glycogen in
the patient's heart, muscles and other organs. Most infantile Pompe disease
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↑Taiwan's newborn screening structure built 30 years ago enhanced effectiveness both in new screening
technology development and large-scale screening programs.
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patients show poor limb motility and poor head control symptoms when they
are two to three months old. After three or four months old, they often suffer
from bronchitis and subsequent cardiac hypertrophy would be found during
a chest X-ray. Symptoms of muscle weakness and cardiac hypertrophy will
continue to worsen and the patient usually dies of heart failure or respiratory
failure before the age of one.
Although Dr. Chen’s 15-year research on the new drug was done in the
United States and that Pompe disease was not listed as routine screening
diseases in the newborn screening program in Taiwan. However, Taiwan’s
medical community and patients participated in the clinical trials of new
drugs and with our newborn screening system, the screening rate and
treatment effectiveness of Pompe disease in Taiwan is still higher than many
countries.

Early Detection and Early Treatment is Still Important
Dr. Yin-Hsiu Chien, Director of NTUH Newborn Screening Center
recalled that around 2001, Dr. Chen conducted a global new drug for
Pompe disease clinical trial where he treated 18 cases worldwide including
three Taiwanese children. After treatment, the child's vision does not further
deteriorate and the cardiac hypertrophy phenomenon also improved.
However, at the end of the 12-month clinical trial, the condition of the child
did not improve, that is, once the pathological changes in the patient's
body has occurred, the changes are irreversible and would not respond
to treatment. This phenomenon is particularly evident in infantile Pompe's
disease. "The concept is the same; it may have been too late to begin
treatment. If we discovered earlier and implemented treatment earlier, results
should have been better," Dr. Chien said.
Director of the center at the time, pediatric attending Dr. Wuh-Liang
Hwu, thought that we should take advantage of early detection of patients via
the newborn screening system. While the incidence rate of Pompe disease
in Taiwan is much higher than in other countries. Dr. Hwu decided to take
initiative in developing corresponding screening technology. Since detection
of lysosomal storage diseases by DBS sampling was feasible, utilizing this
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method in Pompe disease, which also belongs to the group of lysosomal
storage diseases, should be no problem. Next was the determination of
enzyme for Pompe disease. Determination of acid maltase itself was not
difficult and inhibitors have also been developed to remove influence from
interference enzymes. Therefore, with these two conditions, NTUH expanded
newborn screening for Pompe disease during 2005 to 2007 and became
the first Pompe disease newborn screening program worldwide. During the
program, there were six positive cases screened out of 206,000 newborns,
of which five were typical infantile Pompe disease patients. The six patients
were confirmed diagnosis within 7-33 days after birth and received treatment
within 1-7 days after diagnosis. The treatment was significantly effective
and the mental and physical development of most patients was no different
from normal children. The research report by Dr. Hwu was published by the
journal Pediatrics which attracted international attention.

Fastest Screening Rate in the World
Currently, the screening rate of self-paid screening for Pompe disease
at NTUH Newborn Screening Center has reached 95%. The screened

←Dr. Wuh-Liang Hwu presided in the first
Pompe disease screening project and the
results drew international spotlight.
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positive cases could be treated within a month of birth and prognosis are
also stable and in good condition.
Pompe disease is a lysosomal storage disease. Lysosome is an
extremely small membrane-bound cell organelle found in cells containing
dozens of internal hydrolytic enzymes that can break down damaged
organelles and membrane proteins and the small molecules produced by
the lysosomes may then be reused or excreted. Therefore, with dissolving
and digestive functions, lysosomes play the role of digestive organs inside
cells. Once a certain enzyme is defected, it fails to break down metabolites
which will accumulate in the body and cause physical and psychological
damage. There are at least 40 or more such lysosomal storage disorders. In
addition to routine screened diseases, the three newborn screening centers
in Taiwan provides lysosomal storage disease screening program including
Pompe disease and Fabry disease screening in NTUH and TIP and Pompe
disease, Fabry disease and Gaucher disease screening in CFOH. These
lysosomal storage disorders, like Pompe disease, are currently able to be
treated with enzyme supplements to reduce metabolite accumulation within
lysosomes. Similarly, this therapy requires early diagnosis and treatment to
achieve maximum effect.
"We have the fastest screening program for Pompe disease in the world;
we can begin treatment at six days old," Dr. Chuan-Chi Chiang, Director
of CFOH Newborn Screening Center, said. Currently, enzyme-analysis
methods are still mainly used to screen for Pompe disease but CFOH first
utilized the tandem mass spectrometry screening which produced faster
screening, lower false-positive percentage and can introduce the patient into
the treatment program at the fastest rate. "With this kind of serious genetic
disease, the prognosis of treating at six days old rather than nine days old is
likely more effective," Dr. Chiang said.
In addition to the three domestic newborn screening centers, Director
of Departments of Pediatrics and Medical Research at Mackay Memorial
Hospital, Dr. Shuan-Pei Lin, led the rare disease medical team to launch the
"Taiwan Mucopolysaccharidoses Type I (MPS I) Newborn Screening Pilot
Program". The team developed the “fluorescent enzyme activity quantitative
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↑NTUH Newborn Screening Center provides self-paid Pompe disease screening service and the
screening rate of this disease has reached 95%.

analysis method” and screened out two cases out of over 35,000 newborns
in 4 and half years. The rough estimate of incidence rate is one over eighteen
thousand showing that the previously known incidence rate of one over fifty
thousand may have been underestimated. MPS I is also a lysosomal storage
disorder and can be treated with specific enzyme replacement therapy. With
early detection and early treatment irreversible damage to the newborn can
be prevented.
Dr. Lin said that currently, only Washington State University in Seattle
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Dr. Shuan-Pei Lin of Mackay
Memorial Hospital took lead
in developing the screening
project for MPS and has received
international acknowledgement.

and Mackay Memorial Hospital have the ability to perform newborn
screening for this disorder, and the cost of this service in Washington State
University is three to five times higher than Mackay Memorial Hospital, and
therefore, the cost-performance ratio of this achievement is remarkable.
We hope that this service will be taken forward to other hospitals in the
future so more children suffering from this rare disorder can be treated
earlier. The findings have also been published by the international
authoritative medical journal of rare disease, Orphanet Journal of Rare
Diseases, and affirmed by the international academic community.
Taiwan’s newborn screening structure built 30 years ago enhanced
effectiveness both in new screening technology development and largescale screening programs. As for the story of the successful drug for
Pompe disease developed by Dr. Yuan-Tsong Chen, it is a considerable
incentive and inspiration towards biotechnology and medical industry in
Taiwan. The entire chain of development had a profound connection with
the small public health revolution during the establishment of the newborn
screening system 30 years ago.
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A Proactive Medical System
-Genetic Clinic of Hualien Tzu
Chi Hospital
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"When Professor Lee opened clinic, patients came pouring from all over
the country and when I sat at the clinic, patients were a lot less," Hualien Tzu
Chi Hospital medical genetic physician, Dr. Shao-Yin Chu smiled and said.
In the Genetic Clinic of Hualien Tzu Chi Hospital, genetic counselor Ms.
Chuen-Yin Weng, dietitians, nurses, the little patients and parents packed
the examination room bustling with excitement. Dr. Chu affectionately called
the patients’ parents "daddy" and "mommy" and she could name out all
the kids that come into the examination room. Occasionally she teased the
children, observed their reactions, and knew if the child's condition was
improving or regressing almost without having to look at the medical records.
If the child’s condition improved, she would imitate an exaggerated tone
of kindergarten teachers to praise the child and parents; once the child's
condition regressed, she would frown and say, “This is not good, you did not
take good care of yourself; where is your daddy? Did he not help?” Patients
never stopped in the afternoon clinic hours. Though it had a little bit to do
with that she took 20 to 30 minutes to examine each patient, but it was far
from what she described “when I sat at the clinic, patients were a lot less.”
“Patients in Hualien are relatively less and the area is large; I must try to find
them,” Dr. Chu said.

The Tradition Left from Dr. Lee
The Genetic Clinic of Hualien Tzu Chi Hospital was established in the
1990s by Dr. Ming-Liang Lee, former Director-General of DOH, after he
returned to Taiwan to take office as President of Tzu Chi University.
Dr. Chu recalled that every Tuesday morning, the clinic only received
three to four appointments where each patient have clinical time of about
45 minutes and the clinic did not accept walk-in registrations. Before the
doctor’s examination, preliminary work is very carefully done by a genetic
counselor that had received two years of training in the United States and
is responsible for initial communication with the patient or family members.
The discussion would include the purpose of the visit, expectations of
this appointment, family history and past medical history. Preparation of
information and introducing the procedure and model of the appointment to
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the patient would also be done prior to examination. Then there would be
an informal pre-clinic discussion where a fellow would participate in and all
required information will be prepared during this phase.
The clinic turned out to be lively under the condition that both parties
were well prepared in advance. The atmosphere would be filled with care,
interaction, trust, education, counselling and mutual respect which turned
an originally difficult disease interesting. The process would comprise the
characteristics of the disease itself, estimated recurrence rate, genetic
pattern, prevention methods of the next child, how to adjust, how to get
proper treatment and assistance and so on. "No matter what level, the
patients and families could always be close with the teacher; they could talk
in Taiwanese, Mandarin, English and even mixed language. No matter how
odd and superficial the questions, our teacher would explain to them until
they understood," Dr. Chu said.

We Cannot Survive with Just Treating Genetic Diseases
About a week to 10 days, the patient will receive letters from the genetic
clinic in colloquial text with summarized record of the clinic, test results,

↓Dr. Shao-Yin Chu of Tzu Chi Hospital (second from right) arrived at the patient's
home for "Onsite Clinic".
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introduction of disease, suggestions, as well as the treatment and followup means and dates. The patients can carry such a letter when seeking
treatment at any place and will be more properly taken care of.
"As a physician in Taiwan, there is no way that we can survive for just
examining genetic diseases," 20 years later, Dr. Lee recalled the genetic
clinic built from his hands and expressed a hint of regret. A child is a life
once born, so out of respect to life, we must take time to let families be aware
of complete and correct information via genetic counselling for them to come
to a decision. "Taiwan has done too little with this is part; fortunately Tzu Chi
is still traditional." Dr. Lee said.
In Tzu Chi’s genetic clinic, Dr. Chu withdrew one of her letters to the
families of patients from the files. The letter consisted of four pieces of A4
paper stapled together, at the beginning, she greeted Weiwei’s mom, dad,
aunt and the two little patients, Little Xiang and Little Wei followed by pictures
and chart describing congenital CAH which the little patients were suffering
from. Finally, there was a paragraph written to the parents and children: "We
have found irregular medication in Little Wei’s situation. In this clinic, Little
Wei promised his doctor that he will obediently take his medication and if
Little Wei fulfilled his promise by the next clinic, he can choose a book he
likes, so please be good, okay?" This little patient was actually found by Dr.
Chu.

Hualien is Unique
About 20 years ago, Dr. Chu accepted the training program from DOH
to study genetics for three months at Duke University. After returning to
Taiwan, she had the opportunity to stay at NTUH, but she appreciated the
genetic clinic established by Dr. Lee even more, so went to Hualien. After
Dr. Lee left Hualien, the amount patients significantly reduced. According to
her observations, Dr. Lee's patients did not consist of many local residents in
Hualien, but that did not mean that Hualien had a lower proportion of patients
with genetic diseases. It should have been that locals lacked awareness of
genetic diseases as well as Hualien was sparsely populated so many people
was reluctant to come all the way to the clinic. Therefore, she proposed
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↑Dr. Shao-Yin Chu during clinical consult; Dr. Chu tried hard to maintain the traditional genetic clinic
established by Dr. Ming-Liang Lee and she also arranged the proactive "onsite clinic" service.
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"genetic community bidirectional service network" to proactively build
relationships with local public health offices, child development institutions,
medical organizations and special education schools. Through the network,
they held seminars, gave lectures at schools, established patients groups
and support systems. Meanwhile, Dr. Chu took advantage of Tzu Chi’s huge
medical volunteer system to implement trainings and explore, discover and
refer cases.
When Little Wei was in kindergarten, the teacher found that he had
already grown pubic hair, and because the teacher once listened to Dr.
Chu's speech, the teacher took the initiative to call the genetic clinic. Dr.
Chu mobilized public health nurses to urge the parents to take their child to
the genetic clinic and then she diagnosed the child with congenital adrenal
hyperplasia (CAH). During their first time to the genetic clinic, like Dr. Lee,
Dr. Chu took more than an hour to introduce the disease and communicate
with the parents; the dietician explained precautions needed for the child's
diet and drugs and a letter was sent out to the parents and child after the
clinic. Afterwards, Little Wei came back to the clinic on a regular basis, kept
tracking the disease and has successfully grown over the years. Currently,
he is enrolled in Tzu Chi University of Science and Technology in Hualien.
"Now with newborn screening, we will not miss these CAH cases,
but it is still very different here in Hualien," Dr. Chu explained, Hualien is
nearly 140 km long from north to south and with high mountains, there are
many inconvenient places. There was once a case with suspected positive
screening results but due to a remote place of residence, the case was
reluctant to come back for re-examination. Due to the remoteness, public
health nurses and social workers had difficulties reaching the place so this
matter dragged on for nearly a month. At last, the case was brought to the
clinic for re-examination by the police and fortunately did not diagnosed of
congenital diseases, or else the best timing of treatment might have been
lost.

Our Proactive Onsite Clinic
Each year, Dr. Chu would arrange once or twice of "Onsite Clinic."
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↑Dr. Shao-Yin Chu caring for a MSUD patient.

Before departure, she would first contact local hospitals, clinics and child
development centers and ask public health nurses and social workers to
see if the patients and families feel okay for doctor’s visits. If the family
agreed, she would do an onsite clinic at the patient’s home; if the family
was unwilling, she would ask the public health nurses and social workers to
understand the current situation and exchange views with her during onsite
clinic. On that day, Dr. Chu led the genetic clinic team from south to north to
visit patients’ homes, clinics, medical institutions, etc. They took initiative to
realize the status of patients with genetic diseases in the areas and also took
the opportunity to again advocate genetic disease. Maybe there would be
another patient like Little Wei to be discovered.
Over many years in Tzu Chi Hospital, Dr. Chu felt deeply the difference
between eastern and western Taiwan. Patients and the parents in Hualien
and Taitung need patient genetic counselling services as well as the
proactive onsite medical services. Fortunately, there is the genetic clinic in
Tzu Chi hospital, but whether the genetic clinic will always exist, she was not
sure.
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"I give newborn screening full 100 points," Dr. Chu smiled and said, "but
there is no future for genetic clinic." She said that the government promoted
newborn screening, but did not force the hospital to implement the genetic
clinic. Calculating by the current health insurance system, her genetic clinic
has always been an unprofitable unit. "One day when the hospital decides
to cancel this clinic, it will just disappear," she said. Also because of this
uncertainty, few doctors are willing to invest in this field and currently no one
can replace Dr. Chu’s work. So once she leaves, this clinic will also have to
disappear.

Genetic Counselling must be Upgraded
"The screening system is very good and complete, from sample
collection, case tracing, referral to treatment; but genetic counselling needs
to be upgraded," Dr. Lee and his disciple shared the same opinion.
The newborn screening system is indeed a model in Taiwan's public
health community. This system has been in operation for 30 years, at which
is it worth discussing and what are its future prospects?

↓Dr. Shao-Yin Chu visited patients in Hai-Duan Township, Taitung County.
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Newborn screening has been running for 30 years.
30 years can cultivate an individual with self-awareness and
the ability to live independently.
Looking back at the paths we took, some uncleared matters
perhaps have to be left to the next 30 years to gradually
resolve;
As for the next 30 years, what is the likelihood of newborn
screening......
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↑ Every blood spot carries abundant genetic messages; healthcare workers all hope to discover more
possibilities in these messages to benefit the health of mankind.

"The problem now is we screen too much instead of too little."
Talking about the newborn screening system constructed by his
hands, Dr. Hsiao remained a public health perspective. He pointed
out that in Germany, for example, newborn screening a few years
ago was unlimited and they kept expanding the screening program.
However, this resulted in the official regulation by German Federal
Government in Dec. 2004 that the tandem-mass screening items are
limited to ten, and the screening center can only provide the results
of the ten specified items.
The clinical community and rare disease associations believed
that we should try to expand the screening program from the
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perspective of respect for life and protecting the newborn. Even if there is
no existing cure, we can still provide the best care under our powers and
wait for a treatment to appear.

Disagreement Remains regarding Screening Categories
"There will be no solution about the differences between public
health and clinical communities regarding the screening program," Chief
Technologist of CFOH Newborn Screening Center, Ms. Shu-Min Kao,
said. She told us that Dr. Hsiao’s concern was that overexploitation of
the screening program will result in public doubts towards the screening
system, but once we stipulate the items substantially as in Germany, there
will be greater loss to Taiwan’s newborns.
No matter the public health or the medical community, both avoided to
confess that the cost of drugs for treating some rare diseases is prodigious.
When Dr. Lee mentioned "the medication cost for treating a rare disease
child a year costs ten million dollars ......" as an example, this figure is
actually real rather than just a casual estimate. Nonetheless, life is priceless
and once measured financially, it would become a sensitive matter that no
one can discuss calmly.

→ Dr. Su-Min Kao, Chief
Technologist of Newborn
Screening Center, CFOH.
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Dr. Shu-Ti Chiou, Director-General of the competent authority, HPA,
pointed out that if one can propose rigorous scientific assessment to
determine the items worth screening, "Let me worry about the funding
issues," said Dr. Chiou proudly.
In recent years, there is another perspective from the pharmaceutical
community indicating that the more positive cases screened out by the
system, the higher the possibility of new drug development; then drug
prices will be reduced which will mitigate the financial impact of rare disease
medication cost on our health insurance system. An even more optimistic
perspective is that once there is enough incentive, biopharmaceutical
industrial companies will invest; once new drugs are successfully developed,
it will not only benefit the patients but will even boost the development of
biotechnology industry in Taiwan. Anybody who has a slight understanding
towards the biotechnology industry will know that this vision is lost in
optimism, but 30 years ago, who would guess that in a state of learning
step by step along the way, genetic health and newborn screening systems
would be successfully established and today, many have even reached
world-class achievement.
30 years ago, the predecessors created the newborn screening system
under the ambition of 100% screening rate and the ideality of improving
the health of our citizens. Perhaps now, the backbone generation of the
healthcare community will show their ambition in treating congenital diseases
and rare disease drug development. I hope, 30 years later, there will be
another book recording the romance that belonged to this generation.

The Healthcare System that Lacked Initiative
"Our purpose is to save people, to help solve social problems, but now
we are causing more problems," with a hint of regret, Dr. Niu raised the other
problem of newborn screening that we must face. He said that in the past,
PKU patients could not have survived to the age of marriage and having
children. After newborn screening, the patients are treated to 6 years old
when their brain development is completed and then there was no need to
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Ching-Chen Hung, a PKU patient.

←

follow-up. However recently, we found that the physical and mental state
of some patients will still deteriorate. Even more unfortunate, if the female
patient did not control their diet during pregnancy causing exceeding
concentration of phenylalanine, their newborn may have even severe birth
defects than congenital PKU. He advocated that patient must come back
to the hospital regularly for checkups and the newborn screening follow-up
system should be assessed and strengthened as soon as possible.
"Back then, we only planned to the stage of diagnosis confirmation
and treatment but did not decide how to follow up on the patient, and
this was a flaw," Dr. Hsiao admitted this was a defect when planning the
newborn screening system. Then he expressed with emotion that almost all
of Taiwan's health care systems are passive medical services, "we should
have taken the initiative to track the patients and tell them to come back!" Dr.
Hsiao raised his voice.
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New Applications for Newborn Screening
In addition to newborn screening for congenital metabolic diseases,
there are many types of screening worth developing. As of now, Dr. Hsiao
is copying the successful experience of newborn screening to "newborn
hearing screening" and "critical congenital heart disease screening".
Similarly, he has to find language therapists to generate a developmental
scale for hearing impaired children. Thanks to his involvement, both
screening systems are gradually on the right track.
Furthermore, Director of CFOH Newborn Screening Center, Dr. ChuanChi Chiang also believed that there are several types of screening that are
worth developing in Taiwan.
First is the "high-risk pediatric screening" already implemented in Korea.
When a child enters the pediatric clinic or pediatric emergency ward with
unexplained reasons, the physician will first draw their blood to do screening.
In some cases, the screening results will show the subject positive of a
certain rare disease that is beyond the diagnosis of the physician. The
screening process accelerates diagnosis process and the physician will
diagnose and understand the condition of the patient more precisely to more
accurately implement treatment.
Next is the "preschool physical examination", also known as "admission
examination", implemented in China which is a screening system for children
about 3 years old. Dr. Chuan-Chi Chiang explained that some genetic
diseases are not easily discovered through screening in the neonatal period
and these diseases present no obvious symptoms. We can find genetic
diseases such as Wilson's disease when screening at the age of 3. Wilson's
disease is a genetic defect disorder which the patient cannot undergo
normal metabolism of copper ions. The disease usually onsets from 6 to 40
years old and can be detected via screening at the age of 3.
"We intend to develop the screening program for Wilson's disease," Dr.
Chiang said. Wilson's disease is the primary reason of the highest proportion
of liver transplant of children in Taiwan. "The medication costs are low, only a
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few hundred dollars a month; this is very worth developing," Dr. Chiang not
only took into account the medication cost but even considered the feasibility
of blood collection during vaccination since "admission examination" is not
available in Taiwan .

Make Best Use of Technology to Benefit Mankind
Dr. Wuh-Liang Hwu of NTUH proposed another possibility from newborn
screening from another perspective. He said that most genetic factors
causing common diseases has gradually been discovered and understood
and in majority occasions, the disease is determined by the polymorphism of

↓ Lab members of the newborn screening laboratory; they strive for more possibilities on the
newborn screening foundation in hope of beneﬁting even more people.
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↓Little patients participating in the Milk-drinking Contest.
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some genes. If we can reduce the impact of environmental factors to people
with genetic risk factors, we might have a chance in reducing incidence rate
of the disease. Therefore, after the maturity of relative research, analysis of
risk factors can be performed during the neonatal period of patients. This will
achieve the purpose of life planning from birth.
Dr. Hwu did not deny that the idea can easy conflict with ethical issues,
but he said that based on past experience, the pace of technology is often
much faster than social and ethical discussions. How to make best use of
technology to benefit mankind is the direction of his research at this stage.

A Different Path
As Dr. Lee described, "Taiwan's medical community is adorable", there
are many people in Taiwan's public healthcare community with profound
ideals who chose a different path no matter out of their own high professional
standards or out of the sense of mission to improve our society. They may
go through relatively toilsome times, but newborn screening provided them a
comprehensive platform or perhaps some sort of inspiration, and they shall
eventually welcome the beautiful scenery after the difficult trek. What’s more
is that their efforts will allow more people to be cared for.
Of course, the ones benefited most from newborn screening are the
unique little newborn lives.
On July 25, 2015 in Janfusun Fancyworld amusement park in Kukeng
Township, there came a group of special visitors. There were men and
women, people of different ages and most of them seemed no different from
you and me, but occasionally, you will find one with special thick spectacles
and moving somewhat slower than others or one whose body figure is like
adults but have a child-like innocence face. They are members of ACIMD,
here to participate in the annual event.
Ching-Chen Hung, who just graduated this year from graduate school
of National Chiao Tung University, came alone with ruddy complexion and
child-like smile on his face. "I came to let the parents of the patients take a
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look to see that I'm fine so their children will also be fine," Ching-Chen said
with a smile.
20 years ago, the siblings, Chia-Yu and Yen-Hsiang Huang, treated
by Dr. Pao-Chin Chiu also attended with their parents. The two did not talk
much but had the brightest smiles. When their mom mentioned Dr. Chiu,
Uncle Hsiao couldn’t help but expressed great gratitude. If not for correct
diagnosing of the siblings with drug-type PKU and implemented medication
and treatment boldly, the two children would never have had the chance to
come together with their parents to Janfusun with big smiles on their faces.
That tall, thin, decent boy with glasses who stood on the stage is YaoChen Yang. He came from Chiayi and was accepted by National Taiwan
University College of Management in this year’s admission. His sister with
big eyes and wearing round glasses also looked smart. They are both drugtype PKU patients. After birth, their mother, who was also a nurse, strictly
controlled their medication. One single pill was grounded into powder and
taken 1/360 per medication; then, medication turned into 1/180 of a pill
with the gradual growth of the babies...... Anytime the child had an episode
of epilepsy or convulsion, a phone call straight to Dr. Niu will be made to
adjust the dose instantly. As the children grew up, Dr. Niu’s control with
dosage was more and more accurate. The patients born later than Yao-Chen
gradually did not experience the pain of side effects of medication.
Dr. Niu watched the children who were cared by him performing on
stage, sharing experiences and played in the Special Formula Milk Contest
and grew a shallow smile. He occasionally walked on stage to straighten the
children’s collar or wiped their sweat; his movements were very gentle.
At the Special Formula Milk Contest, the kid who wore big thick glasses
and squeezed out a grumpy face when swallowing the special formula milk
looked a bit like Szu-Chueh Chen. Szu-Chueh didn’t show up today; he must
be in his coffee shop and maybe roasting a few pounds of coffee for charity.
If not for the promotion of newborn screening for metabolic disorders 30
years ago, where would we look for such warm and sunny atmosphere?
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Let Our Children Grow Up Healthy
In the past 30 years, from official initiation of the newborn screening
in 1985 to 2015 July, there were approximately 7 million newborns who
received screening and nearly 120 thousand were found with congenital
metabolic abnormalities. This figure showed that nearly one-third of Taiwan's
population obtained health insurance because of this system while the
99.9% newborn screening rate presented that every newborn in Taiwan did
their first health examination the minute they came into the world. In case
of the newborn that came into the world with a special gene, he or she will
become an angel that shared the human genetic risk and the whole society
will still cherish and care for this child to see through a happy growth.

↓Group photo at an ACIMD event.
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11 Routine Newborn Screening Diseases
I. Congenital hypothyroidism (CHT)
This disorder occurs in about one in every 3,000 newborns. Babies with this
disorder are not observed of any abnormality at birth. Symptoms surface within
two to three months after birth. A major cause for the disorder is lack of thyroid
hormone in the baby’s body, which undermines the growth and development
of the cranial nerves and physical parts. If the condition is not treated within the
first six months after birth, most children will suffer from mental retardation, slow
growth and development, and a short and small stature. But if found and treated
within one to two months after birth, the babies can have normal intellectual and
physical growth and development.

II. Phenylketonuria (PKU)
About one in every 35,000 births is born with Phenylketonuria (PKU) in Taiwan.
The symptoms usually appear three to four months after birth, such as: slow
growth and development, moldy and stinky urine and physical smell, and
development of serious mental retardation. PKU occurs mainly because babies
cannot process the protein in their diet effectively. If the disorder is found early,
and the babies are placed on a special diet and/or other drug treatments
starting within 2-3 months after birth, and are followed up regularly, most cases
can be treated to ensure normal intellectual development of the babies.

III. Homocystinuria (HCU)
About one in every 100,000 to 200,000 babies is born with this disorder in
Taiwan. Babies with this disorder cannot process the protein in their diet
effectively. If left untreated, complications, including skeletal malformation,
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mental retardation, and thrombus formation will progress. If found at an early
stage and treated with a special diet and supplementary vitamins, mental
retardation can be prevented.

IV. Galactosemia (GAL)
About one in every 200,000 babies is born with typical galactosemia in
Taiwan. It occurs when babies cannot process galactose properly. Babies
with this disorder tend to vomit and become lethargic after milk intake and
can have eye, liver and/or brain damages. If found early and the babies are
removed from breast milk or ordinary commercial formulas and put on lactose
free formulas sever, damages can be prevented.

V. Glucose-6-phosphate dehydrogenase deficiency (G6PD
deficiency, commonly known as Favism)
This is a common inherited disorder in Taiwan, found in about two to three
in every 100 babies. It occurs when babies cannot process the glucose
in red blood cells properly. Babies with this disorder suffers from neonatal
jaundice and acute hemolytic anemia in response to ingestion of fava (broad)
beans, or contact with naphthalene balls ( moth balls), use of gentian violet,
and intake of anti-malaria drugs, sulfa-drugs and antipyretic analgesics
drugs. Without timely treatment, it may result in jaundice, mental retardation,
and deaths. Identifying the babies’ health conditions at an early stage and
avoiding contact with the above-mentioned pathogenic factors can decrease
the injuries to the babies.
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VI. Congenital adrenal hyperplasia (CAH)
About one in every 15,000 babies is born with this disorder. It is commonly
caused by 21-hydroxylase enzyme deficiency. The clinical symptoms vary with
the quantity and quality of the 21-hydroxylase enzyme deficiency including:
(1) Salt-losing type: Most babies with this disorder experience life-threatening
situations as a result of undiagnosed drastic loss in salt. (2) Simple virilizing
type: Female babies with this disorder will have inappropriate sexuality, have
no menses in the process of growth, be excessively male-like, be barren, and
have abnormal growth and development. The male babies with this order will
also experience developmental problems. If not found at an early stage, it will
be really difficult to rectify both physiologically and mentally. (3) Late-onset
type: Symptoms appear after infancy. Except for the late-onset type, babies
can be diagnosed with congenital adrenal hyperplasia at an early stage
through screening and be treated with appropriate supplements to avoid life
at risk and ensure normal growth and development.

VII. Maple syrup urine disease (MSUD)
The incidence rate of this disorder is around one in 100,000 to 200,000
newborns in Taiwan. It is named such for the characteristic sweet odor of a
patient’s body fluid and urine that smells like maple syrup. Babies with this
disorder typically have symptoms or signs of vomiting, drowsiness, loss
of appetite, shortness of breath, and convulsions, that appear gradually
after starting to feed for a few days. In some cases, babies will become
unconscious and fall into a coma or even die. It is a rare disorder of abnormal
metabolism of branched-chain amino acids (valine, leucine, and isoleucine).
Early detection and dietary treatment are essential for the babies to have
relatively normal growth and intellectual development.
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VIII. Medium chain acyl-CoA dehydrogenase deficiency (MCAD)
The incidence rate of this disorder is quite low in Taiwan may be less than
1/600,000, but it occurs in about one in every 15,000 babies in Europe and
America. It is one of the fatty acid oxidation deficiencies, whose clinical
symptoms appear in the first two years after birth. The lack of the medium
chain acyl-CoA dehydrogenase stops the fat metabolism from working
properly and results in high levels of partially broken down fats, which are
toxic to the brain and nervous system. Symptoms include vomiting, fatty liver,
non-ketotic hypoglycemia, confusion, coma, and convulsions. Although some
patients have no symptoms, twenty-five percent of the cases die at the first
episode, and hence it is often mistaken as sudden infant death syndrome
(SIDS). Early screening helps prevent attacks of this disorder. For acute cases,
hypoglycemia should be treated immediately and quickly. Long-term treatment
involves avoiding long periods of time without eating and having snacks that
are high in carbohydrates before bedtime and treating accidental situations
such as infection or gastroenteritis aggressively. If we can prevent attacks of
this disorder, the final outcome should still be very good.

IX. Glutaric acidemia type I (GA I)
The incidence rate of this disorder in Taiwan is around one in 100,000 to
200,000 newborns. It is a rare disorder of abnormal amino acids metabolic
deficiency. Due to lack of glutaryl-CoA dehydrogenase enzyme, babies’ body
cannot process amino acid lysine and tryptophan properly, and excessive toxic
products (such as glutaric acid) accumulate in the blood and tissue, resulting
in progressive neural symptom (s) and acute metabolic abnormality. Babies
may not show any abnormality or just have macrocephaly without symptoms in
the first few months after birth. However, at the later stage of infancy, symptoms
start to surface, including dyskinesias, progressive choreoathetosis, dystonia,
muscle rigidity, paralysis, and opisthotonus (the limbs turn outwardly, and
the body is like a bow). There might also be acute seizures such as epilepsy,
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lethargy, or coma. Early detection and treatment are essential to ensure
relatively normal growth and intellectual development of the babies.

X. Isovaleric acidemia (IVA)
The incidence rate of this disorder in Taiwan is still unclear, may be
between 1/200,000 and 1/700,000. However, about one in every 50,000
babies is born with isovaleric academia internationally. It is a rare
disorder of organic acids metabolic deficiency. Lack of isovaleryl-CoA
dehydrogenase enzyme makes babies unable to process leucine properly
and results in excesses of the toxic product, isovalerate, which further
invades the nervous system and the hematopoietic system. Bases on
the seriousness of symptoms and the time point of the first episode, this
disorder can be typical and non-typical. Babies of the typical disorder may
look normal but symptoms like fatigue, nausea, vomiting, lethargy, lack of
appetite and convulsions will gradually appear. Isovalerates accumulate
in the body in large quantities and result in a foul “sweaty feet” odor on a
baby’s body and urine. If not diagnosed and treated properly, patients will
grow into a coma. On the other hand, the non-typical disorder has a late
attack time and less obvious symptoms. It is usually not diagnosed until a
year after birth and hence is sometimes mistaken as one of other similar
disorders. Early detection through newborn screening, dietary control and
regular follow-ups can bring rather good treatment results.

XI. Methylmalonic acidemia (MMA)
The incidence rate of this disorder in Taiwan is around one in 40,000
to 100,000 newborns. It is a rare disorder of organic acids metabolic
deficiency. Abnormal function of methylmalonyl-CoA mutase enzyme or
abnormal metabolism of cobalamine (vitamin B12) leads to excessive
accumulation of organic acids such as methylmalonic acid and propionic
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acid inside baby’s body and causes damage to the nervous system.
In extreme cases, it may cause ketoacidosis, hypoglycemia,
hyperammonemia, and hyperglycinemia. Newborns and infants
with this disorder suffer from a high death rate. Early detection and
screening can prevent acute attacks and enable timely treatment
to avoid acidosis. For those responding to vitamin B12, vitamin B12
must be given in the treatment. For the others not responding to
vitamin B12, special infant formulas and high calorie diets must be
given so that the concentration of methylmalonic acid in the blood
and urine can be maintained within an ideal range.
(Reference : Health Promot ion Admini st rat ion, Prevent ive Medicine
Foundation)
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Major Events in 30 Years of Newborn Screening in Taiwan
Year & Dates

~

1982.8
1983.12

~

1982
1983

1984

~

1984.1
1985.6
1985.1.1

1985.7

Task forces were formed to establish methods for newborn screening, diagnosis
and treatment; the task forces tested on 4,744 children with intellectual
disabilities in the country.
The Ministry of Health commissioned Taipei Veterans General Hospital (TVGH)
to establish screening approaches for phenylketonuria (PKU), homocystinuria
(HCU), maple syrup urine disease (MSUD), galactosemia (GAL) and congenital
hypothyroidism (CHT).
The Ministry of Health designated National Taiwan University Hospital (NTUH)
and TVGH to establish genetic health counseling centers to provide prenatal
genetic diagnosis, newborn screening and clinical genetic counseling services.
Implementation of the pioneer newborn screening service; published the
“Newborn Screening Practice Manual” and held coordination meetings.
Execution of the Genetic Health Law.
Official implementation of the national routine newborn screening practice.
Routine screening tests: CHT, PKU, MSUD, HCU, HIS, GAL.
Newborn screening centers joined “Japan’s Large-scale Newborn Screening
Quality Control System”.

1987.6

1. Establishment of G6PD deficiency screening and diagnosis testing methods
and confirmation of the referral system.
2. Implementation of the pilot neonatal G6PD deficiency screening.

1986.9

Establishment of implementation regulations for the newborn screening system.

~

1985.7

1987.7.1

1. The first revision of the routine screening items: G6PD deficiency substituted
maple syrup urine disease (MSUD) as a routine screening item
Routine screening items: CHT, PKU, HCU, HIS, GAL and G6PD deficiency.
2. Established the “External Quality Assurance Program for G6PD Confirmatory
Test” to routinely monitor the quality for G6PD deficiency referral hospitals.

1988.7

The second revision of the routine screening items: HIS was cancelled from the
routine screening items.
Routine screening items: CHT, PKU, HCU, GAL and G6PD deficiency.

1991

1993.7
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1997

Newborn screening coverage rate exceeded 80%.
TVGH terminated newborn screening operations and passed on the services
successively to “Taipei Institute of Pathology” and “The Planned Parenthood
Association of Taiwan” in which the transfer was completed in 1993 December.
Newborn screening coverage rate reached 99%.
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Year & Dates

Summary

1999.1

Established the “External Quality Assurance Program for Neonatal G6PD
Screening Test” to routinely monitor the quality for domestic G6PD screening
centers. Simultaneously, we accepted G6PD screening laboratories abroad to
participate in the system becoming the world's only interlaboratory quality control
plan for neonatal G6PD screening hospital for many years.

2000.3

Three newborn screening centers, including NTUH, started to provide CAH
screening services.

2000.12

Taiwan Foundation For Rare Disorders (TFRD) carried out the “Second-generation
Newborn Screening Pilot Project” where they funded for tandem mass screening
performed in NTUH and China Medical University Hospital.

~

2002.6
2004

2002.7.1

~

2003.4
2004.4

TFRD continued cooperation with the three domestic newborn screening centers
to promote "Second-generation Newborn Screening Pilot Project" in Kinmen
County, as well as the "Second-generation Newborn Screening Project" with
aboriginals and low-income households to test 20 kinds of genetic diseases
outside of the routine items by the tandem mass spectrometer.
Newborn screening services in “The Planned Parenthood Association of Taiwan”
were transferred to “The Chinese Foundation of Health (CFOH)”.
Assessment and investigation on adding or removing items for the domestic
newborn screening program.

2005

Genetic Health and Rare Disease Prevention International Symposium
Discussion on experience in implementing and developing Newborn Screening
Service Network

2005~2007

Newborn Screening Center in NTU started the first global Pompe disease
newborn screening program and successfully found seven babies suffering from
Pompe disease, and gave them treatment; the research was published in the
journal Pediatrics, 2008.

2006.7.1

The third revision of routine screening items: retained the original five tests and
added CAH, MSUD, MCAD, GA I, IVA and MMA; total of 11 items.
Taiwan is the first Asian country that carried out tandem mass spectrometry
screening in routine newborn screening.

2007

Preventive Medicine Foundation assisted the Philippines to improve Philippine
G6PD screening and quality control system.

2008

TVGH presented excellent treatment results for drug-type phenylketonuria and
the medical and research team study published in Archives of Neurology, 2008.

2008~2012

Taipei Mackay Memorial Hospital research team activated the four-and-a-halfyear project, "the type I Mucopolysaccharidoses Newborn Screening Pioneer
Project", using the self-developed enzyme activity fluorescence quantitative
analysis method and screened out two cases from more than 35,000 newborn
children. The researchresults were published in the medical journal, Orphanet
Journal of Rare Diseases, 2013.

2011.1

Established the “External Quality Assurance for Congenital Hypothyroidism
Confirmatory Tests” program to routinely monitor the quality for CHT referral
hospitals.

2015.10

The newborn screening center in CFOH successfully developed the screening
technology for mucopolysaccharidoses type II and type VI and will provide pro
bono screening for 60,000 newborns.
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which was very rare in the world.
There are more than 600 screening centers around the world.
I dare not say that we are the first, but the quality of
screening in Taiwan is definitely one of the best worldwide.

30 years ago,
Pioneers in academic, medical and public healthcare communities
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We have established a 100% newborn screening system,

The First Line of Defense for Health:

Three Decades of
Newborn Screening in Taiwan

Over the 30 years, the health community in Taiwan has stood
on the concrete foundation of newborn screening system to
develop and strengthen screening techniques,
to improve treatment of congenital metabolic diseases,
and to create many “world’s first” and the “pride of Taiwan”.

established the newborn screening system under the goal of
achieving one hundred percent screening rate
which seemed like a public health revolution bursting with ideality and romance.
The impact of the revolution on the society was vague but profound
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as if a silent social reform movement.

(This publication is funded by Tobacco
Health and Welfare Surcharge.)
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