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Objective: This survey aims to scrutinize important medical innovations in Chinese mainland since Xinhai
(Hsin-bai) revolution in 1911, which marked the end of Manchurian imperial rule and the beginning of
China’s republican era.

Methods: An online cross-sectional survey was carried out during the period of Dec 29, 2014 to Feb 5,
2015, totaling 37 days. The survey was conducted on the platform provided by DXY (www.dxy.cn), which
is the largest medical and paramedical related website in China. An email was sent to all DXY registered
users to invite them to participate in a 5-minute survey. The participants were asked to nominate up to four
important medical innovations in China mainland since Xinhai revolution. The participant could select ‘zero’
which means he/she felt there was no important medical innovations, or he/she did not know important
medical innovations. It was noted that important medical innovations refer to (I) those with practical and
almost immediate significance to improve healthcare; (IT) should not only be introducing western technique
to China, but those involve major improvement of existing western techniques count; (IIT) should not be
those with important theoretical discovery but did not have almost immediate significance to improve
healthcare.

Results: In total 1,513 DXY users participated in the voting. Totally 489 (32.3%), 441 (29.1%), 342 (22.6%),
150 (9.9%), 91 (6.0%) participants provided 0, 1, 2, 3, 4 nominations respectively. (I) Artemisine (Qinghaosu)
for malaria treatment (Project 523 team, 1972); (II) arsenic Trioxide (As,O;) for acute promyelocytic
leukemia (APL) treatment (ZHANG Ting-Dong and colleagues, 1970s); (IIT) limb re-plantation (CHEN
Zhong-Wei and colleagues, 1963); (IV) all-trans retinoic acid (ATRA) for APL treatment (WANG Zhen-
Yi and colleagues, 1988); and (V) Wu’s mask for plague prevention (WU Lien-The, 1910), were voted as the
top five innovations in China mainland since Xinhai revolution, with 375, 96, 91, 53, and 8 votes respectively.
Conclusions: In this voting exercise, five achievements were voted as top innovations in China mainland
since Xinhai revolution. However, only ATRA for APL treatment was accomplished after the ending of Grear
Proletarian Cultural Revolution in year 1976 in China.
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Introduction

The history of medicine in last century ranks as one of the
most impressive epochs of human achievement. According
to Le Fanu (1), important medical innovations in the past
century include, but not limited to the following: 1935:
sulphonamides; 1941: penicillin; ‘Pap’ smear for cervical
cancer; 1944: kidney dialysis; 1946: General anesthesia with
curare; 1947: the linear accelerator for radiotherapy; 1948:
intraocular lens implants for cataracts; 1949: cortisone;
1950: smoking identified as the cause of lung cancer;
tuberculosis cured with streptomycin and PAS; 1952: the
Copenhagen polio epidemic and the birth of intensive care;
chlorpromazine in the treatment of schizophrenia; 1954: the
Zeiss operating microscope; 1955: open-heart surgery; polio
vaccination; 1956: cardiopulmonary resuscitation; 1957:
factor VIII for hemophilia; 1959: the Hopkins endoscope;
1960: oral contraceptive; 1961: levodopa for Parkinson’s;
Charnley’s hip replacement; 1963: kidney transplantation;
1964: prevention of strokes; coronary bypass graft; 1967:
first heart transplant; 1969: prenatal diagnosis of Down’s
syndrome; 1970: neonatal intensive care; cognitive therapy;
1971: cure of Childhood cancer; 1973: computerized
tomography scanner; 1978: first test-tube baby; 1979:
coronary angioplasty; 1984: helicobacter as the cause of
peptic ulcer; 1987: thrombolysis for heart attacks; 1996:
triple therapy for AIDS; 1998: viagra for the treatment of
impotence. The current authors would like to add: magnetic
resonace imaging (1976 Sir Peter Mansfield, 1973 Pauil
Lauterbur, and 1977 Raymond Damadian); interventional
radiology (1953 Sven Seldinger; and 1963 Charles Dotter).
The important achievements in medicine during 1851-
1900 as described by Charles Murray are enlisted in the
Supplementary 1 (2).

This current survey aims to scrutinize important medical
innovations in Chinese mainland since Xinhai (Hsin-hai)
revolution in 1911, which marked the end of Manchurian
imperial rule and the beginning of China’s republican era.

Materials and methods

An online cross-sectional survey was carried out during the
period of Dec 29, 2014 to Feb 5, 2015, totaling 37 days.
The survey was conducted on the platform provided
by DXY (www.dxy.cn), which is the largest medical and
paramedical related website in China. This website officially
has slightly more than one million users. However, some
users could be ‘silent’ users who were not active, also the
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possibly double or even triple registration of one same user
could exist, therefore the number of active users remained
unknown to the authors. An email was sent to all DXY
registered users to invite them to participate in a 5-minute
survey. To increase the participation rate, a token bonus
would be awarded to the DXY users who completed this
survey. This token bonus allows the user to download
materials from DXY website.

A questionnaire was designed for this survey. The
participants were asked to input the demographic
characteristics of participants, including geographical area,
hospital class, specialty, and their current professional
grade. Then the participants were asked to nominate up
to four important medical innovations in China mainland
since Xinhai revolution. The participant could select
‘zero’ which means he/she felt there was no important
medical innovations, or he/she did not know important
medical innovations took place in China mainland since
Xinhai revolution. For those participants who select one or
more than one innovations, they were asked to name the
innovations, while the name of the inventor and the year
of innovation were optional. After reading the e-mail from
DXY, it was advised that participants took a few days to
consider the answers, and then fill the questionnaire. The
initial intention was, based on the number of votes, to select
ten important medical innovations by China mainland
doctors or scientists since Xinhai revolution.

It was defined that important medical innovations refer
to (I) those with practical and almost immediate significance
to improve healthcare; (II) should not only be introducing
western technique to China, but those involve major
improvement or revision of existing western techniques
count; (IIT) should not be those with important theoretical
discovery but did not have almost immediate significance
to improve healthcare; (IV) publications in high impact
journals itself is not enough to be counted; (V) normally
does not involve mass campaign.

All nominations with more than one vote were
considered carefully by the authors, with literature search
both in English and in Chinese, as well as consultations
with peer colleagues.

Results

In total 1,513 DXY users participated in the voting, which
is approximately similar to the survey AME survey-001
(1,513 wvs. 1,663). Distribution of voters from different
regions of China is shown in Figure 1. The voters’ specialty

www.amepc.org/qims  Quant Imaging Med Surg 2015;5(3):453-466



Quantitative Imaging in Medicine and Surgery, Vol 5, No 3 June 2015

/\JJ\{

0-16
16-32
32-48
48 - 64
64 - 80
80 - 96
95 - 112
112-128

EEEEER

128 - 144

455

Figure 1 Distributions of voters from different regions of China. Two oversea voters are not included in this map.

distribution included internal medicine (33.5%), surgery
(26.2%), oncology (5.1%), anesthesiology (4.56%),
radiology (4.5%), emergency medicine (4.2%), obstetrics
& gynecology (3.0%), pediatrics (2.6%), research centers
(2.4%), laboratory medicine (2.3%), pharmacy (2.0%),
ENT surgery (1.7%), dentistry (1.2%), dermatology
(1.1%), pathology (0.9%), rehabilitation (0.9%), primary
care (0.8%), ophthalmology (0.6%), psychiatry (0.5%), and
others (1.6%). The distribution of voters in different class
of hospitals was 75.9% from Class III hospital, 16.1% from
Class II hospital, 2.6% from Class I hospital, and others
5.4%. The distribution of voters in professional grades
class was 4.6% for principle doctors, 13.1% for associate
principle doctors, 30.5% for attending specialists, 25.6%
for trainee doctors, and 16.2% others. The others included
graduate students of clinical specialties as well as medical
sciences, nurses, hospital administers, etc.

In this survey, 489 (32.3%), 441 (29.1%), 342 (22.6%),
150 (9.9%), 91 (6.0%) participants provided 0, 1, 2, 3, 4
nominations respectively. Chi-Square test showed that
higher rank participants were more likely to give more
nominations than junior participants (P<0.001, Figure 2).

Chemical synthesis of crystal bovine insulin (1965,
473 votes) by the Institute of Biochemistry and the Institute
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of Organic Chemistry in Shanghai, and Beijing University, as
well as the culture of chlamydia trachomatis in the yolk sac by
Dr TANG Feifan (1957, 39 votes) were considered scientific
achievement instead of medical innovation by the authors
of this paper. Acupuncture anesthesia obtained seven votes,
however, it is not used clinically due to its marginal effect,
and therefore it could not be formally counted. According to
this survey, (I) artemisine (Qinghaosu) for malaria treatment
(Project 523 team, 1972); (I) arsenic Trioxide (As,O;) for
acute promyelocytic leukemia (APL) treatment (ZHANG
Ting-Dong and colleagues, 1970s); (III) Limb re-plantation
(CHEN Zhong-Wei and colleagues, 1963); (IV) all-trans
retinoic acid (ATRA) for APL treatment (WANG Zhen-
yi and colleagues, 1988); and (V) Wu’s mask for plague
prevention (WU Lien-The, 1910) were voted as the top
five innovations in China mainland since Xinhai revolution,
with 375, 96, 91, 53, and 8 votes respectively (Figure 3).
The timeline of these achievements excluding acupuncture
anesthesia is shown in Figure 4.

Discussion

Though initially we hoped to nominate 10 important
medical innovations in Chinese mainland since Xinhai

www.amepc.org/qims  Quant Imaging Med Surg 2015;5(3):453-466



456

40.00%

35.00%
30.00% —
25.00%
20.00%
15.00%
10.00%
5.00%
0.00%

@ Others

O Attending specialist

B Principle doctors

1

2

Wang and Xiao. Top five medical innovations in China

@ Trainee doctors

O Associate principle doctors

3 4

Nomination number per participant

Figure 2 Higher rank participants were more likely to give more nominations than junior participants (Chi-Square test: P<0.001).
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Figure 3 Nominations of important medical innovations in Chinese mainland since Xinhai revolution. The total synthesis of bovine insulin

in crystalline form and culture of chlamydia trachomatis in the yolk sac are considered to be considered scientific achievements instead of

medical innovation. Acupuncture anesthesia is not counted due to it is not widely used in clinics. APL, acute promyelocytic leukemia.
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Figure 4 The seven important achievements in Chinese mainland since Xinhai revolution across timeline. (A) The number of nominations

is used in x-axis in the presentation; (B) the weight of nomination number is removed in the presentation.

revolution, finally we could only nominated five innovations
based on the online voting results. Although we have read
all the nominations, we were not able to in a position to
consider many nominations which obtained one vote but
are potentially important. There are two reasons for this:
(I) we could not rank the nominations with only one vote;
(II) we could not rule out the possibility of self-nomination.
Except those listed in Figure 3, all others obtained more
than one nominations had been carefully considered by the
authors, and judged not meeting the criteria we initially set,
i.e., (I) first time invented in China Mainland after 1911,
(II) practical innovation which had almost immediate effect
on improving healthcare; (III) which was later adapted and
used widely by other peer practitioners at least in China
(therefore important). Based on the knowledge of the
authors, the nominations in Figure 3 are explained as below.

Chemical synthesis of bovine insulin in crystalline form

The chemical synthesis of bovine insulin obtained the
highest number of vote (473 votes). However, this was a
scientific achievement, as it did not directly and immediately
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improved healthcare in China. The chemical synthesis
of bovine insulin started through a collaboration of three
institutions: the Institute of Biochemistry and the Institute
of Organic Chemistry of Chinese Academy of Sciences in
Shanghai, and Beijing University. The total synthesis of
bovine insulin in crystalline form was accomplished in 1965
(independently of western countries) (3,4).

Internationally, the work published in 1922 by Banting
et al. presented purified insulin extract suitable for use on
human patients (5). Quickly the pharmaceutical company
Eli Lilly made a breakthrough in extraction process and was
able to produce large quantities of highly refined insulin.
Purified animal-sourced insulin was the only type of insulin
available to diabetics until genetic advances occurred later.
Frederick G. Banting and John James Rickard Macleod
were awarded the Nobel Prize in Physiology or Medicine
in 1923 for the discovery of insulin. However, in 1916,
Nicolae Paulescu, a Romanian professor of physiology at
the University of Medicine and Pharmacy in Bucharest,
developed an aqueous pancreatic extract which, when
injected into a diabetic dog, had a normalizing effect on
blood-sugar levels (6). It was considered that Paulescu
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should be awarded the Nobel Prize as well (7).

The primary structure of insulin was determined by
British molecular biologist Frederick Sanger (8-11). He was
awarded the 1958 Nobel Prize in Chemistry for this work.
Helmut Zahn at RWTH Aachen University, Germany
and Panayotis Katsoyannis at the University of Pittsburgh,
USA, are often credited as the first to synthesize insulin in
1963 (7,12,13).

The first genetically engineered, synthetic “human”
insulin was produced using E. co/i in 1978 by Arthur Riggs
and Keiichi Itakura at the Beckman Research Institute of
the City of Hope in collaboration with Herbert Boyer at
Genentech (14). The vast majority of insulin currently
used worldwide is now biosynthetic recombinant “human”
insulin or its analogues (15).

Artemisine

Artemisinin also known as Qinghaosu, and its derivatives
are a group of drugs that possess rapid action against
Plasmodium falciparum malaria. The drug is also increasingly
being used in Plasmodium vivax malaria.

Artemisia annua has been used by Chinese herbalists
for more than 2,000 years in the treatment of malaria.
The earliest record dates back to 200 BC, in the “Fifty-rwo
Prescriptions” unearthed from the Mawangdui Han Dynasty
tombs. Its antimalarial application was first described in
Zhouhou Beiji Fang, edited in the middle of the fourth
century by GE Hong. In 1596, LI Shizhen recommended tea
made from qinghao specifically to treat malaria symptoms
in his “Compendium of Materia Medica”.

In 1967, a plant screening research program, under the
name Project 523, was set up to find an adequate treatment
for malaria. Its major representative was TU Youyou from
the Institute of Chinese Meteria Medica at the China
Academy of Traditional Chinese Medicine (now known as
China Academy of Chinese Medical Sciences) in Beijing.
In the course of this research, Project 523 team discovered
artemisinin in the leaves of Artemisia annua (annual
wormwood; 1972) (16-18). It was one of many candidates
tested as possible treatments for malaria by Chinese
scientists, from a list of nearly 5,000 traditional Chinese
medicines. TU also discovered that a low-temperature
extraction process could be used to isolate an effective
antimalarial substance from the plant, which TU says she
was influenced by a traditional Chinese herbal medicine
source. In 2011 Tu Youyou was awarded the Lasker-
DeBakey Clinical Medical Research Award for her role in
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the discovery and development of artemisinin.

Artemisinin’s action mechanism is still under
investigation.

In 2013 the pharmaceutical company Sanofi announced
the launch of a production facility to manufacture the drug
on a large scale based on a modified biosynthetic process
for artemisinic acid, initially designed by Keasling at the
University of California Berkeley and optimized by Amyris
(a biotechnology firm in California) (19).

Artemisinin has saved countless number of lives,
especially in the developing world. The Project 523 team
such made a major contribution to the world (20).

Aprsenic trioxide for the treatment of APL

Because of its significant medicinal properties, arsenic
has been used as a therapeutic agent for more than
2,400 years (21). Arsenic trioxide (As,O;, ATO) has long
been of interest, dating to traditional Chinese medicine,
where it is known as Pi Shuang, and to homeopathy, where
it is called arsenicum album (22,23). In the 15" century,
William Withering, who discovered digitalis, was a strong
proponent of arsenic-based therapies (24).

In the 18" century, Thomas Fowler compounded a
potassium bicarbonate-based solution of arsenic trioxide (25).
Arsenic’s antileukemic activity was first reported in the
late 1800s. In 1878 a report from Boston City Hospital
described the effect of Fowler’s solution on the reduction
of white blood cell counts in two normal people and one
patient with “leucocythemia” (25,26). Subsequently ATO
was administered as a primary antileukemic agent until it was
replaced by radiation therapy. However, the hematologic use
of arsenic had resurgence in popularity in the 1930s when its
efficacy was reported in patients with chronic leukemia (27).
Until supplanted by modern chemotherapy, arsenic trioxide
after radiation was considered the most effective treatment
for leukemia.

In the 1970s ZHANG Ting-Dong and colleagues at
Harbin Medical University investigated the potential use
of the traditionally used Chinese medicine arsenic trioxide
to treat APL (28-31). By 1979, Zhang and his collaborators
had reached our current understanding that ATO could
treat leukemia, especially APL.

In 1998 Soignet et al. (32) treated 12 recurrent APL
cases with ATO and observed complete response in 11
cases. The mechanisms were thought to be partial cellular
differentiation and apoptosis. The Soignet et a/. paper
helped international acceptance of ATO as a treatment of
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APL. Rao er al’s and Au’s review papers detailed this story
(33,34).

Arsenic trioxide under the tradename Trisenox is now a
chemotherapeutic agent approved by the US FDA for the
treatment of APL that is unresponsive to “first line” agents,
namely ATRA.

In 2003 University of Hong Kong developed a liquid form
of arsenic trioxide that can be administered orally (35-38).
The convenience of oral arsenic therapy allows these options
to be used on out-patients and on a prolonged basis.

Limb replantation

Limb replantation has a long history. In 1814 William
Balfour published the first medical report of a digital
reattachment. Balfour successfully repaired his son’s index,
middle, and long fingers, which were partially amputated at
the mid-distal phalanx (39). Thomas Hunter is credited with
the first thumb replantation performed in the following
year. These replantations were performed without vascular
anastomosis; thus these fingers likely survived as composite
grafts. The theory of spontaneous recanalization occurring
in composite grafts was published in 1964 by Douglas and
Foster (40).

Experimental work in replantation and vascular
anastomosis techniques simultaneously by Halsted,
Hopfner, and Carrel in the 1880s supplied the basic
principles of vascular surgery (41). Dr. Carrel won the
Nobel Prize in 1912 for his work on vascular anastomoses
and for pioneering renal transplantation. With further
technical advancements in suture material and surgical
instruments, primarily the operating room microscope,
replantation became more achievable. Harry Buncke is
credited with developing the first set of microsurgical
instruments, microsutures, and microsurgical needles (42).
Jacobson and Suarez in 1960 developed microsurgical
vascular anastomosis (43,44).

The first replantation to be performed in the world
involved repair of the brachial artery and was done
by a team of chief residents led by Dr. Ronald Malt at
Massachusetts General Hospital in Boston, USA in 1962.
The arm of a 12-year-old child severed at the level of the
proximal humerus was reattached (45).

In China the first report of a replantation was reported
by a team led by CHEN Zhong-Wei of the Sixth People’s
Hospital in Shanghai in 1963 (46,47). A machinist’s hand
was reattached at the level of the distal forearm. In this
case vascular couplers were used for the vessels as Dr.
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Chen and his colleagues did not have good microsutures
available at that time. Dr. Chen further developed many
other microsurgical procedures, including techniques for
reattaching amputated fingers and thumbs, preserving
severed extremities, reconstructing muscles and repairing
nerves and blood vessels (48-53).

Kleinert ez /. performed the first digital arteries
anastomosis in the revascularization of a partially amputated
thumb in 1963 (54). In 1965 Shigeo Komatsu and Susumu
Tamai were the first to perform such a digit replantation via
microvascular reanastomosis procedure (55).

ATRA for the treatment of APL

The story of ATRA for APL has been well documented
(33,56). In 1980 Breitman ez /. (57) discovered that ATRA
and 13-cis retinoic acid induced HL-60 differentiation into
mature cells, while Vitamin A was 1,000-fold less effective.
In 1981 Breitman ez 4/. (58) tested drug sensitivity of
leukocytes from the peripheral blood of two patients with
APL and found that cells induced to differentiate by ATRA.
In 1983 Honma et al. (59) reported ATRA was among those
capable of inducing the differentiation of leukocytes from
APL patients. Koeffler (60) in 1983 summarized in vitro
studies including cellular differentiation by retinoic acid and
other chemicals, viewing ATRA and 13-cis retinoic acid as
equivalent in differentiating APL leukocytes. Single cases
of APL treatment by 13-cis retinoic acid were reported in
1983, 1984, 1986, respectively (61-64).

In 1987 WANG Zhen-Yi of Shanghai Second Medical
College used ATRA reported the use of ATRA (alone or
in combination) for the treatment of six APL patients (65).
In 1988 Wang’s group published their use of ATRA in the
treatment of 24 APL patients in Blood (66).

In 1989 Chomienne er al. (67) compared the effects of
ATRA and 13-cis retinoic acid with two APL patients for
each chemical and felt that ATRA were more effective.
In 1990 the same French group reported that ATRA was
more effective than 13-cis retinoic acid (68). The effect of
ATRA was also confirmed by Chinese doctors (69). In 1991
Warrell et al. (70) replicated the findings of the Wang group
in China and the Degos group in France. In 1997 Tallman
et al. (71) reported their studies of 346 APL patients, in
which they compared the therapeutic effects of ATRA and
the previously standard chemotherapy with daunorubicin
and cytarabine, and found it to be more effective if ATRA
was used for both induction and maintenance.

ATRA with chemotherapy is now the standard of care
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for APL. Recently, a phase 3, multicenter trial comparing
ATRA plus chemotherapy versus ATRA plus arsenic trioxide
showed ATRA plus arsenic trioxide was superior to ATRA
plus chemotherapy in the treatment of patients with low-
to-intermediate-risk APL (72). A randomized clinical trial
compared efficacy and toxicity of ATRA plus chemotherapy
versus ATRA plus arsenic trioxide in APL patients, and
quality-of-life results supported the use of ATRA plus
arsenic trioxide as preferred first-line treatment in patients
with low- or intermediate-risk APL (73).

Culture of chlamydia trachomatis in the yolk sac

In 1904 a mild, non-gonococcal urethritis was described
by Waelsch in Prague, and few years later urethroscopic
nodules similar to those in trachoma were found (74,75). In
1907 Ludwig Halberstaedter and Stanislaus von Prowazek
described intracytoplasmic inclusions in conjuctival scrapings
from orangutans following infection with a male patient’s
ocular scraping who suffered from trachoma (76). When
it was found the newly discovered intracellular agent was
filterable and was cultivable only in animals they regarded
this pathogen as a virus. This theory was widely accepted
until the mid 1960s. In 1909, Halberstaedter and von
Prowazek described first an agent similar to that of trachoma
virus, detected in a case of neonatal blenorrhoea (77). In
the next year, Frietsch et #/. and Heyman published cases
of neonatal conjunctivitis with trachoma-like inclusions in
conjunctival scrapings of neonates, and cervical scrapings of
their mothers (78,79).

The first definition given to the causative agent of
trachoma by Halbersaedter and von Prowazek in 1907 has
been changed several times. In 1935 Busacca cited them
as Rickettsia trachomae expressing the morphological
similarities between the trachoma agent and rickettsiae (80).
In 1945 Jones et al. introduced the term Chlamydia (81).
The first contemporary species name, C. trachomatis and
the family name, Chlamydiaceae were proposed by Rake in
1957. Page and Storz introduced the higher taxonomic rank
Chlamydiales and classified the causative agent of psittacosis
into the Chlamydia psittaci species (82,83). In the mid 1960s
it was proven that these agents are actually bacteria (84).

The differential stain for the detection of rickettsiae
and chlamydial elementary bodies in tissue samples was
proposed by Castaneda in 1930 (85). This method resulted
in the morphologic separation of these small intracellular
bacteria from the viral inclusions. Until the early 1970s,
these stains were the only direct detection diagnostic
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methods for the chlamydial infections.

Between 1931 and 1935, Woodruff and Goodpasture
applied embryonated hen’s eggs for successful cultivation of
poxviruses (86). This culture method was further developed
and applied for different viruses by Burnet ez 4/. in the
1930s (87). Burnet and Rountree cultivated successfully
the causative agent of psittacosis in the chorio-allantoic
membrane of developing chick embryo the first time in
1935 (87). In the same year, Miyagawa et al. cultivated first
the causative agent of lymphogranuloma inguinale using the
same method of egg inoculation (88). Rake ez 2/. managed to
reproduce this experiment in the yolk sac of the developing
chick embryo in 1940 (89).

For long time, the attempts to cultivate trachoma virus in
embryonated eggs failed. In 1957 Dr. TANG Feifan ez 4/. at
National Vaccine and Serum Institute in Beijing succeeded
to cultivate trachoma virus in the yolk sac (90,91). This
experiment was reproduced by Collier and Sowa in 1958 (92).
Finally in 1959 the agent of inclusion conjuctivitis was
successfully isolated by Jones et 4. (93).

The agent of lymphogranuloma venerum was shown
to be susceptible to the sulphonamides by MacCallum
and Findlay in 1938 (94). Thygeson reported successful
treatment of adult and neonatal inclusion conjunctivis with
sulfanilamide (95). Researchers later found superiority of the
tetracyclines against chlamydiae over other antibiotics (96).
At present, an oxytetracycline derivative, doxycycline
is one of the most effective broad spectrum antibiotic
against intracellular bacteria including chlamydiae beside
macrolides, fluoroquinolones and rifampicin (74).

Wu’s mask and plague prevention

Dr. WU Lien-The was born in Penang, on 10 March 1879,
in Malaysia. He was the first Chinese medical student at
the University of Cambridge. Dr. Wu graduated in 1902
then pursued his interest in Bacteriology in Germany
and France. Upon returning to Malaysia after a year in
the Institute of Medical Research in Kuala Lumpur, Dr.
Wu worked as a doctor in Penang, where he put money
and effort into rehabilitation of opium addicts. In 1908,
he accepted the offer to be Vice-Director of the Imperial
Army Medical College in Tianjin, China. In 1910, he was
sent to Manchuria, in harsh winter, to fight the terrifying
pneumonic plague. Within 4 months and a death toll
limited to 60,000, he brought the dreaded disease under
control with diligent scientific documentation.

Most notably were his invention of the “Wu mask”, the
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cremation of dead bodies and quarantine measures, which
lead to plague eradication. On 3 April 1911, he convened
and chaired the first international scientific plague meeting
at Shenyang. He began to modernize China’s medical
services and education, founding the Harbin and Beijing
Medical Universities and building some 20 modern public
hospitals, laboratories and research institutions. He initiated
the formation of the Chinese Medical Association, and
established the first national quarantine service (97-99).

After Dr Wu’s distinguished career in China, he retired
back to Malaysia. This probably made his achievements less
well known in China mainland.

Acupuncture anesthesia

Now it is established that surgery cannot rely on acupuncture
anesthesia solely (100-104). Madsen et «l. (105) looked at
thirteen trials with 3,025 patents in which acupuncture was
used to treat a variety of painful conditions. There was a
small difference between ‘real’ and sham acupuncture, and
a somewhat bigger difference between the acupuncture
group and the no-acupuncture group. However, this bigger
difference corresponded to only a 10 point improvement on
a 100 point pain scale. A change of this sort is described as a
minimal change (106).

Vickers et al. (107) did a meta-analysis for 29 RCTs with
17,922 patients. The results were similar to those of Madsen
et al. (105). Real acupuncture was better than sham, but by a
small amount (108).

One observation from the current study is that out of the
8 nominations discussed in this paper (including 3 scientific
achievements), only ATRA for APL treatment by WANG
Zhen-Yi et al. was accomplished after the ending of Great
Proletarian Cultural Revolution, which ended 38 years ago
in 1976.

One potential methodology conflict is that we asked the
participants to nominate important innovations; however,
being important or not is a subject judgement. There are
some important innovations might be missed in this survey,
particularly that we could not scrutinize those with only one
nomination. Some important innovations may remain to be
further recognised by the medical professionals in China.
Other limitations include that the number of participants
is still small; and principle doctors and associate principle
doctors count only for 4.6% and 13.1% of the total voters.

While important contributions have made, such as
artemisinin for malaria treatment and arsenic trioxide
for APL treatment, considering the population size and
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economic size of China the overall achievements did not
shine compared to Euro-American countries. If we look at
the past history, in the article entitle ‘The Statistical Characters
of Science and Technology in the History of China’ Dong
et al. (109) concluded that (I) the accumulated technological
inventions of China account for 5.8% of the world total,
which are much less than those of North America and
Europe, and also less than those of the Middle East; (II)
the accumulation of scientific achievements over Chinese
history is less than 1% of the world total; (IIT) technological
activities in China have been active from the Warring States
Period (800 BC) to the end of the Song dynasty (1,300 AD).
After that, the technological innovations have fallen into
stagnation; (IV) the European area has been active in various
scientific activities since 500 BC, and its scientific and
technological achievements have always been outperforming
China. Similar accounts have been well illustrated by Charles
Murray in his book ‘Human Accomplishment: The Pursuit
of Excellence in the Arts and Sciences, 800 BC to 1950” (2).
Murray noted that ‘what the human species is today it owes in
astonishing degree to what was accomplished in just balf a dozen
centuries by the peoples of one small portion of the northwestern
Eurasian land mass’ [(2) page 264].

A London School of Economics and Political Sciences
scholar published in 2006: “Some argue that the ideographic
Asian languages curb abstract thinking and creativity among
Asians. Others point out that Asian cultures, religions, and
educational systems devalue and discourage logical thinking.
Science is... inbherently elitist. A nation does not dominate
science by bhaving a large number of people... and there
appears to be a dearth of good, original, scientific ideas in
Asia in the last century”. As we previously mentioned,
while Japan and South Korea have first-class carmakers
and electronics companies, Japanese and South Korean
pharmaceutical companies are much less visible (110).
For the year of 2013 of the 10 top pharmaceutical
companies none of them were Japanese or Korean; and of
the 25 top biotech companies none of them were Japanese
or Korean (111,112), despite the fact that Japan has been
a major geopolitical and economic power since early 20"
century and till now produced seven noble prize winners
in chemistry and ten Noble prize winners in physics.
Also while China currently produced much more citable
publications, innovative pharmaceuticals and biologics are
stronger in India than in China (113).

It is important to recognize China’s relative strength
and relative weakness as much as possible. This will help
to correctly position China, and thereafter move forward
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wisely, and probably overcome China’s relative weakness.
Murray noted that ‘bistory bas worked out, the ages rich in
giants have also been rich in near-giants and the rest of the
significant figures.... " [(2) page 249], i.e., the periods which
have a lot of great innovators have also a lot of excellent
innovators and good innovators as well. This is, in small
part, reflected in Figure 4. While certainly allowing
exceptions, at the time of writing this paper the authors have
to be pessimistic, and feel it is unlikely that in the coming
future China will contribute a large portion of Nobel Prize
winners in physiology and medicine with a series of major
original contributions to medicine. If it happens, following
the same model of Japan, China will more likely have Nobel
Prize winners in physics and chemistry initially. Following
the same models of Japan and South Korea, Chinese
companies will likely do better in mechanics and electronics
instead of pharmaceuticals and biologics. However, this
issue is rather complicated and convoluted; the current
authors certainly avoid drawing any firm conclusion. The
future projection will remain unknown until it has been
realized.

Acknowledgements

The authors thank every participants of this voting, and
are grateful for many comments provided by friends and
colleagues.

The authors are grateful for the supports by the DXY,
and AME publishing Company, particularly the helps
provided by Dr. Dao-Yuan Wang, Miss Shi-Hua Elva
Zheng, Miss Dan Ann Yang, Miss Mei May Li of AME
publishing Company; and Miss Yin-Nan Xu of DXY
Company. The DXY Company and AME Publishing
Company have no influence on the study resign and
interpretation of the results.

Disclosure:

(I) The primary aim of this study was not to accurately
document the history of medicine in modern China;
instead, it was to document the voting exercise. The authors
did not exhaustively search the original documents for the
items discussed in this paper. The authors acknowledgement
that the literature references in the paper may not be well-
balanced; (II) Besides original innovations, the authors
acknowledge that timely introducing Western technologies
to China is also equally important and cost-effective; (I1I)
Chemical synthesis of crystal bovine insulin [1965] as well
as the culture of chlamydia trachomatis by Dr. TANG Feifan

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Wang and Xiao. Top five medical innovations in China

[1957] were considered scientific achievements instead of
medical innovation by the authors of this paper. Due to the
limitation of the authors’ knowledge on synthetic chemistry
and microbiology, the authors could not fully annotate the
full importance of these two scientific achievements. In
addition, the authors highly respect Dr. TANG Feifan for
his other contributions to the medical care in China.

References

1. Le Fanu]. The rise and fall of modern medicine. London:
Abacus 2011.

2. Murray C. Human Accomplishment: The Pursuit of
Excellence in the Arts and Sciences, 800 B.C. to 1950.
New York: Harper Collins; 2003.

3. Kung YT, Du YC, Huang WT, Chen CC, Ke LT.

Total synthesis of crystalline bovine insulin. Sci Sin
1965;14:1710-6.

4. Zhang Y. Insulin research in China and the U.K. Biochem
Soc Trans 2011;39:1323-6.

5.  Banting FG, Best CH, Collip JB, Campbell WR, Fletcher
AA. Pancreatic Extracts in the Treatment of Diabetes
Mellitus. Can Med Assoc J 1922;12:141-6.

6. Paulescu NC. Recherches sur le role du pancréas dans
'assimilation nutritive. Arch Int Physiol Biochem Biophys
(Liege) 1921;17:85-103.

7.  Federwisch M, Dieken ML, De Meyts P. eds. Insulin &
related proteins structure to function and pharmacology.
Boston: Kluwer Academic Publishers; 2002.

8. Sanger F, Tuppy H. The amino-acid sequence in the
phenylalanyl chain of insulin. I. The identification of
lower peptides from partial hydrolysates. Biochem J
1951;49:463-81.

9. Sanger F, Tuppy H. The amino-acid sequence in the
phenylalanyl chain of insulin. 2. The investigation
of peptides from enzymic hydrolysates. Biochem ]
1951;49:481-90.

10. Sanger F, Thompson EO. The amino-acid sequence
in the glycyl chain of insulin. I. The identification of
lower peptides from partial hydrolysates. Biochem J
1953;53:353-66.

11. Sanger F, Thompson EO. The amino-acid sequence in the
glycyl chain of insulin. II. The investigation of peptides
from enzymic hydrolysates. Biochem J 1953;53:366-74.

12. Meienhofer J, Schnabel E, Bremer H, Brinkhoff O,

Zabel R, Sroka W, Klostermayer H, Brandenburg D,
Okuda T, Zahn H. Synthesis of insulin chains and their
combination to insulin-active preparations. Z Naturforsch

www.amepc.org/qims  Quant Imaging Med Surg 2015;5(3):453-466



Quantitative Imaging in Medicine and Surgery, Vol 5, No 3 June 2015

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

B 1963;18:1120-1.

Katsoyannis PG, Fukuda K, Tometsko A, Suzuki K, Tilak
M. Insulin Peptides. X. The Synthesis of the B-Chain of
Insulin and Its Combination with Natural or Synthetis
A-Chin to Generate Insulin Activity. ] Am Chem Soc
1964;86:930-2.

First Successful Laboratory Production of Human

Insulin Announced News Release. Genentech 1978-09-
06. Available online: http://www.gene.com/media/press-
releases/4160/1978-09-06/first-successful-laboratory-
production-o

Kjeldsen T. Yeast secretory expression of insulin
precursors. Appl Microbiol Biotechnol 2000;54:277-86.
Coordinating Group for Research on the Structure of
Qing Hau Sau. A new Type of sesquiterpene lactone -
qing hao sau. Chinese Science Bulletin 1977;22:142. (In
Chinese).

Qinghaosu Antimalaria Coordinating Research Group.
Antimalaria studies on qinghaosu. Chinese Medical Journal
1979;92:811-6.

Klayman DL. Qinghaosu (artemisinin): an antimalarial
drug from China. Science 1985;228:1049-55.

Palmer E. Sanofi shipping new malaria treatment
manufactured from 'semisynthetic artemisinin’. Available
online: http://www.fiercepharmamanufacturing.com/story/
sanofi-shipping-new-malaria-treatment-manufactured-
semisynthetic-artemisini/2014-08-19

A novel approach, using drugs instead of insecticides, may
make it easier to eliminate malaria. But it is not without
controversy. Available online: http://www.economist.com/
news/science-and-technology/21594956-novel-approach-
using-drugs-instead-insecticides-may-make-it-easier
Klaassen CD. Heavy metals and heavy-metal antagonists.
In: Hardman JG, Limbird LE, Gilman AG. eds. Goodman
& Gilman’s The Pharmacological Basis of Therapeutics.
New York: McGraw-Hill, 1996:1649-72.

Gielen M, Tiekink ER. eds. Metallotherapeutic Drugs
and Metal-Based Diagnostic Agents: The Use of Metals in
Medicine. Chichester: John Wiley & Sons, 2005.

Gibaud S, Jaouen G. Arsenic-Based Drugs: From Fowler’s
Solution to Modern Anticancer Chemotherapy. Topics in
Organometallic Chemistry 2010;32:1-20.

Antman KH. Introduction: the history of arsenic trioxide
in cancer therapy. Oncologist 2001;6 Suppl 2:1-2.

Kwong YL, Todd D. Delicious poison: arsenic trioxide for
the treatment of leukemia. Blood 1997;89:3487-8.

Cutler EG, Bradford EH. Action of iron, cod-liver oil, and
arsenic on the globular richness of the blood. Am ] Med

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

www.amepc.org/qims

463

Sci 1878;75:74-84.

Forkner CE, Scott TFE. Arsenic as a therapeutic agent in
chronic myelogenous leukemia. JAMA 1931;97:3-5.
Zhang TD, Zhang PF, Wang SR, Han TY. Preliminary
clinical observations of six cases of leukemia treated by
“Ailin solution”. Med Pharm Heilongjiang 1973;(3):66-7.
(In Chinese).

Departments of Traditional Chinese Medicine and
Laboratory Medicine of the First Affiliated Hospital of
Harbin Medical University. Therapeutic observations of
17 cases leukemia treated with Ailin No.1 and dialectic
theory. ] Harbin Med Univ 1974;(2):25-30. (In Chinese).
Rong FX, Zhang TD. A report on long term survival of
two cases of acute granulocytic leukemia. ] New Med
Pharm 1979;(6):31-4. (In Chinese).

Zhang TD, Rong FX. Treatment of acute granulocytic
leukemia by Ailin No.1 and dialectic theory. Med Pharm
Heilongjiang 1979;(4):7-11. (In Chinese).

Soignet SL, Maslak P, Wang ZG, Jhanwar S, Calleja

E, Dardashti L], Corso D, DeBlasio A, Gabrilove ],
Scheinberg DA, Pandolfi PP, Warrell RP Jr. Complete
remission after treatment of acute promyelocytic leukemia
with arsenic trioxide. N Engl ] Med 1998;339:1341-8.
RaoY, Li R, Zhang D. A drug from poison: how

the therapeutic effect of arsenic trioxide on acute
promyelocytic leukemia was discovered. Sci China Life Sci
2013;56:495-502.

Au WY. A biography of arsenic and medicine in Hong
Kong and China. Hong Kong Med J 2011;17:507-13.

Au WY, Kumana CR, Kou M, Mak R, Chan GC, Lam
CW, Kwong YL. Oral arsenic trioxide in the treatment
of relapsed acute promyelocytic leukemia. Blood
2003;102:407-8.

Au WY, Chim CS, Lie AK, Liang R, Kwong YL.
Combined arsenic trioxide and all-trans retinoic acid
treatment for acute promyelocytic leukaemia recurring
from previous relapses successfully treated using arsenic
trioxide. Br J] Haematol 2002;117:130-2.

Au WY, Lie AK, Chim CS, Liang R, Ma SK, Chan CH,
Mak YK, Chen YT, So CC, Yeung YM, Yip SE, Wong
LG, Chan JC, Liu SY, Kwong YL. Arsenic trioxide

in comparison with chemotherapy and bone marrow
transplantation for the treatment of relapsed acute
promyelocytic leukaemia. Ann Oncol 2003;14:752-7.

Au WY, Kumana CR, Lee HK, Lin SY, Liu H, Yeung
DY, Lau JS, Kwong YL. Oral arsenic trioxide-based
maintenance regimens for first complete remission of acute
promyelocytic leukemia: a 10-year follow-up study. Blood

Quant Imaging Med Surg 2015;5(3):453-466



464

2011;118:6535-43.

39. Kocher MS. History of replantation: from miracle to
microsurgery. World ] Surg 1995;19:462-7.

40. Douglas B, Foster JH. Union of Severed Arterial Trunks
and Canalization Without Suture or Prosthesis. Ann Surg
1963;157:944-59.

41. Carrel A, Guthrie CC. Results of a replantation of the
thigh. Science 1906;23:393-4.

42. Tamai S. The history of microsurgery. Plast Reconstr
Surg 2009;124:¢282-94. Erratum in: Plast Reconstr Surg
2010;125:1050.

43. Maricevich M, Carlsen B, Mardini S, Moran S.

Upper extremity and digital replantation. Hand (N Y)
2011;6:356-63.

44. Jacobson JH, Suarez EL. Microsurgery and anastomosis of
the small vessels. Surg Forum. 1960;11:243-5.

45. Malt RA, Mckhann C. Replantation of severed arms.
JAMA 1964;189:716-22.

46. Chen CW, Chien YC, Pao YS. Salvage of the forearm
following complete traumatic amputation: report of a case.
Chin Med ] (Engl) 1963;82:633-8.

47. Chen ZW. Report of a successful case replantation of
forearm following complete amputation. People’s Military
Surgeon 1963;(11):14-5. (In Chinese).

48. Replantation of severed fingers. Clinical experiences in
217 cases involving 373 severed fingers. Chin Med J (Engl)
1975;1:184-96.

49. Replantation surgery surgery in China. Report of the
American Replantation Mission to China. Plast Reconstr
Surg 1973;52:476-89.

50. Zhang J, Chen ZW. Retrospective of the replantation of
severed limbs in the People's Republic of China: current
status and prospects. Microsurgery 2002;22:39-43.

51. Chen ZW, Hu TP. A reconstructed digit by transplantation
of a second toe for control of an electromechanical
prosthetic hand. Microsurgery 2002;22:5-10.

52. Richmond C. Zhong Wei Chen (Obituary). BMJ
2004;328:1019.

53. Evans D. Zhong-Wei Chen (Obituary). Br J Plast Surg
2004;57:700.

54. Kleinert HE, Kasdan ML, Romero JL. Small blood-vessel
anastomosis for salvage of severely injured upper extremity.
J Bone Joint Surg Am 1963;45-A:788-96.

55. Komatsu S, Tamai S. Successful replantation of a
completely cutoff thumb: case report. Plast Reconstr Surg
1968;42:374-7.

56. Degos L, Wang ZY. All trans retinoic acid in acute
promyelocytic leukemia. Oncogene 2001;20:7140-5.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Wang and Xiao. Top five medical innovations in China

Breitman TR, Selonick SE, Collins SJ. Induction of
differentiation of the human promyelocytic leukemia cell
line (HL-60) by retinoic acid. Proc Natl Acad Sci U S A
1980;77:2936-40.

Breitman TR, Collins SJ, Keene BR. Terminal
differentiation of human promyelocytic leukemic cells

in primary culture in response to retinoic acid. Blood
1981;57:1000-4.

Honma Y, Fujita Y, Kasukabe T, Hozumi M, Sampi

K, Sakurai M, Tsushima S, Nomura H. Induction of
differentiation of human acute non-lymphocytic leukemia
cells in primary culture by inducers of differentiation of
human myeloid leukemia cell line HL-60. Eur J Cancer
Clin Oncol 1983;19:251-61.

Koeffler HP. Induction of differentiation of human acute
myelogenous leukemia cells: therapeutic implications.
Blood 1983;62:709-21.

Flynn PJ, Miller W], Weisdorf DJ, Arthur DC,

Brunning R, Branda RF. Retinoic acid treatment of acute
promyelocytic leukemia: in vitro and in vivo observations.
Blood 1983;62:1211-7.

Nilsson B. Probable in vivo induction of differentiation
by retinoic acid of promyelocytes in acute promyelocytic
leukaemia. Br ] Haematol 1984;57:365-71.

Daenen S, Vellenga E, van Dobbenburgh OA, Halie MR.
Retinoic acid as antileukemic therapy in a patient with
acute promyelocytic leukemia and Aspergillus pneumonia.
Blood 1986;67:559-61.

Fontana JA, Rogers JS 2nd, Durham JP. The role of 13 cis-
retinoic acid in the remission induction of a patient with
acute promyelocytic leukemia. Cancer 1986;57:209-17.
Huang ME, Ye YC, Chen SR, Zhao JC, Gu L], Cai JR,
Zhao L, Xie JX, Shen ZX, Wang ZY. All-trans retinoic
acid with or without low dose cytosine arabinoside in acute
promyelocytic leukemia. Report of 6 cases. Chin Med ]
(Engl) 1987;100:949-53.

Huang ME, Ye YC, Chen SR, Chai JR, Lu JX, Zhao

L, Gu LJ, Wang ZY. Use of all-trans retinoic acid in

the treatment of acute promyelocytic leukemia. Blood
1988;72:567-72.

Chomienne C, Ballerini P, Balitrand N, Amar M, Bernard
JE, Boivin P, Daniel MT, Berger R, Castaigne S, Degos L.
Retinoic acid therapy for promyelocytic leukaemia. Lancet
1989;2:746-7.

Castaigne S, Chomienne C, Daniel MT, Ballerini P,
Berger R, Fenaux P, Degos L. All-trans retinoic acid as a
differentiation therapy for acute promyelocytic leukemia. I.
Clinical results. Blood 1990;76:1704-9.

www.amepc.org/qims  Quant Imaging Med Surg 2015;5(3):453-466



Quantitative Imaging in Medicine and Surgery, Vol 5, No 3 June 2015

69.

70.

71.

72.

73.

74.

75.

76.

77.

Chen ZX, Xue YQ, Zhang R, Tao RE, Xia XM, Li C,
Wang W, Zu WY, Yao XZ, Ling BJ. A clinical and
experimental study on all-trans retinoic acid-treated acute
promyelocytic leukemia patients. Blood 1991;78:1413-9.
Warrell RP Jr, Frankel SR, Miller WH Jr, Scheinberg DA,
Itri LM, Hittelman WN;, Vyas R, Andreeff M, Tafuri A,
Jakubowski A, Gabrilove J, Gordon MS, Dmitrovsky E.
Differentiation therapy of acute promyelocytic leukemia
with tretinoin (all-trans-retinoic acid). N Engl ] Med
1991;324:1385-93.

Tallman MS, Andersen JW, Schiffer CA, Appelbaum

FR, Feusner JH, Woods WG, Ogden A, Weinstein H,
Shepherd L, Willman C, Bloomfield CD, Rowe JM,
Wiernik PH. All-trans retinoic acid in acute promyelocytic
leukemia: long-term outcome and prognostic factor
analysis from the North American Intergroup protocol.
Blood 2002;100:4298-302.

Lo-Coco E, Avvisati G, Vignetti M, Thiede C, Orlando
SM, Iacobelli S, Ferrara F, Fazi P, Cicconi L, Di Bona E,
Specchia G, Sica S, Divona M, Levis A, Fiedler W, Cerqui
E, Breccia M, Fioritoni G, Salih HR, Cazzola M, Melillo L,
Carella AM, Brandts CH, Morra E, von Lilienfeld-Toal M,
Hertenstein B, Wattad M, Liibbert M, Hinel M, Schmitz
N, Link H, Kropp MG, Rambaldi A, La Nasa G, Luppi
M, Ciceri F, Finizio O, Venditti A, Fabbiano F, Dohner K,
Sauer M, Ganser A, Amadori S, Mandelli F, Déhner H,
Ehninger G, Schlenk RF, Platzbecker U; Gruppo Italiano
Malattie Ematologiche dell’Adulto; German-Austrian
Acute Myeloid Leukemia Study Group; Study Alliance
Leukemia. Retinoic acid and arsenic trioxide for acute
promyelocytic leukemia. N Engl ] Med 2013;369:111-21.
Efficace F, Mandelli F, Avvisati G, Cottone F, Ferrara F, Di
Bona E, Specchia G, Breccia M, Levis A, Sica S, Finizio O,
Kropp MG, Fioritoni G, Cerqui E, Vignetti M, Amadori
S, Schlenk RE, Platzbecker U, Lo-Coco F. Randomized
phase III trial of retinoic acid and arsenic trioxide versus
retinoic acid and chemotherapy in patients with acute
promyelocytic leukemia: health-related quality-of-life
outcomes. J Clin Oncol 2014;32:3406-12.

Waelsch L. Uber nicht-gonorrhoische Urethritis. Arch
Derm Syph Wien 1904;70:103-24.

Budai I. Chlamydia trachomatis: milestones in clinical and
microbiological diagnostics in the last hundred years: a
review. Acta Microbiol Immunol Hung 2007;54:5-22.
Halberstaedter L, von Prowazek S. Ueber Zelleinschliisse
parasitirer Natur beim trachom. Arbeiten aus dem
Kaiserlichen Gesundheitsamte 1907;26:44-7.
Halberstaedter L, von Prowazek S. Uber

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

www.amepc.org/qims

465

Chlamydozoenbefunde bei blenorrhoea neonatorum
nongonorrhoica. Berl Klin Wochenschr 1909;46:1839-44.
Frietsch H, Hofstatter A, Lindner K. Experimentelle
Studien zur Trachomafrage. Albrecht von Graefes Arch
Clin Exp Ophthal 1910;76:547-52.

Heyman B. Uber die Fundarte der Prowazekschen
Korperchen. Berl Klin Wochenschr 1910;47:663-6.
Busacca A. Un germe aux caracteres de rickettsies
(Rickettsia trachomae) dans les tissus trachomateux.
Archives d’Ophthalmologie 1935;52:567-72.

Jones H, Rake G, Stearns B. Studies on lymphogranuloma
venereum. III. The action of the sulfonamides on the agent
of lymphogranuloma venereum. J Inf Dis 1945;76:55-69.
Page LA. Proposal for the recognition of two species in
the genus Chlamydia Jones, Rake and Stearns 1945. Int J
Syst Bacteriol 1968;18:51-66.

Storz J, Page LA. Taxonomy of the Chlamydiae: Reasons
for classifying organisms of the genus Chlamydia, Family
Chlamydiaceae, in a separate order, Chlamydiales ord. nov.
Int J Syst Bacteriol 1971;21:332-4.

Moulder JW. eds. The psittacosis group as bacteria. New
York: John Wiley and Sons; 1964.

Castaneda MR. A new stain for Rickettsia bodies. J Inf Dis
1930;47:416-7.

Woodruff AM, Goodpasture EW. The Susceptibility

of the Chorio-Allantoic Membrane of Chick Embryos

to Infection with the Fowl-Pox Virus. Am J Pathol
1931;7:209-22.

Burnet FM, Rountree PM. Psittacosis in the developing
egg. ] Pathol 1935;40:471-81.

Miyagawa Y, Mitamura T, Yaoi H, Ishii N, Okanishi

J. Studies on the virus of lymphogranuloma inguinale
Nicholas, Favre and Durand: Fourth report. Cultivation
of the virus on the chorioallantoic membrane of the chick
embryo. Jap ] Exp Med 1935;13:733-50.

Rake G, McKee CM, Shaffer MF. Agent of
lymphogranuloma venereum in the yolk-sac of the
developing chick embryo. Exp Biol Med (Maywood)
1940;43:332-4.

Tang FE, Chang HL, Huang YT, Wang KC. Studies on
the etiology of trachoma with special reference to isolation
of the virus in chick embryo. Chin Med ] 1957;75:429-47.
Tang FF, Huang YT, Chang HL, Wong KC. Isolation

of trachoma virus in chick embryo. ] Hyg Epidemiol
Microbiol Immunol 1957;1:109-20.

Collier LH, Sowa ]J. Isolation of trachoma virus in
embryonate eggs. Lancet 1958;1:993-6.

Jones BR, Collier LH, Smith CH. Isolation of virus from

Quant Imaging Med Surg 2015;5(3):453-466



466

inclusion blennorrhoea. Lancet 1959;1:902-5.

94. MacCallum FO, Findlay GM. Chemotherapeutic
experiments on the virus of lymphogranuloma inguinale.
Lancet 1938;232:136-9.

95. Thygeson P. The Treatment of Inclusion Conjunctivitis
with Sulfanilamide. Trans Am Ophthalmol Soc
1940;38:111-24.

96. Bedson SP. The mode of virus multiplication and the
susceptibility of these agents to the antibiotics. J Clin
Pathol 1956;9:83-93.

97. Available online: http://wulientehsociety.org/

98. Wu HL. eds. Plague Fighter: The Autobiography of a
Modern Chinese Physician. Heffer: W. Heffer, 1959.

99. Wu YL. Memories of Dr Wu Lien-Teh, Plague Fighter.
Worldscientific, Singapore. Available online: http://www.
worldscientific.com/worldscibooks/10.1142/2773

100.Melchart D, Streng A, Hoppe A, Brinkhaus B, Witt C,
Wagenpfeil S, Pfaffenrath V, Hammes M, Hummelsberger
J, Irnich D, Weidenhammer W, Willich SN, Linde K.
Acupuncture in patients with tension-type headache:
randomised controlled trial. BMJ 2005;331:376-82.

101.Linde K, Streng A, Jiirgens S, Hoppe A, Brinkhaus B,
Witt C, Wagenpfeil S, Pfaffenrath V, Hammes MG,
Weidenhammer W, Willich SN, Melchart D. Acupuncture
for patients with migraine: a randomized controlled trial.
JAMA 2005;293:2118-25.

102.Haake M, Miiller HH, Schade-Brittinger C, Basler
HD, Schifer H, Maier C, Endres HG, Trampisch HJ,
Molsberger A. German Acupuncture Trials (GERAC) for
chronic low back pain: randomized, multicenter, blinded,
parallel-group trial with 3 groups. Arch Intern Med
2007;167:1892-8.

103.Witt C, Brinkhaus B, Jena S, Linde K, Streng A,
Wagenpfeil S, Hummelsberger J, Walther HU, Melchart
D, Willich SN. Acupuncture in patients with osteoarthritis
of the knee: a randomised trial. Lancet 2005;366:136-43.

104.Cherkin DC, Sherman KJ, Avins AL, Erro JH, Ichikawa L,

Cite this article as: Wing YX, Xiao F. Top five medical
innovations in China mainland since Xinhai revolution
[1911]: results of AME survey-002. Quant Imaging Med Surg
2015;5(3):453-466.doi: 10.3978/j.issn.2223-4292.2015.03.10

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Wang and Xiao. Top five medical innovations in China

Barlow WE, Delaney K, Hawkes R, Hamilton L, Pressman
A, Khalsa PS, Deyo RA. A randomized trial comparing
acupuncture, simulated acupuncture, and usual care for
chronic low back pain. Arch Intern Med 2009;169:858-66.

105.Madsen MV, Gotzsche PC, Hrébjartsson A. Acupuncture
treatment for pain: systematic review of randomised
clinical trials with acupuncture, placebo acupuncture, and
no acupuncture groups. BMJ 2009;338:a3115.

106. Dworkin RH, Turk DC, McDermott MP, Peirce-Sandner
S, Burke LB, Cowan P, Farrar JT, Hertz S, Raja SN,
Rappaport BA, Rauschkolb C, Sampaio C. Interpreting
the clinical importance of group differences in chronic
pain clinical trials: IMMPACT recommendations. Pain
2009;146:238-44.

107.Vickers AJ, Cronin AM, Maschino AC, Lewith G,
MacPherson H, Foster NE, Sherman KJ, Witt CM, Linde
K; Acupuncture Trialists' Collaboration. Acupuncture for
chronic pain: individual patient data meta-analysis. Arch
Intern Med 2012;172:1444-53.

108.Ernst E, Lee MS, Choi TY. Acupuncture: does it alleviate
pain and are there serious risks? A review of reviews. Pain
2011;152:755-64.

109.Dong JL, Chen J, Mao LL. The Statistical Characters of
Science and Technology in the History of China. Journal
of Dialectics of Nature 2014;36:29-36. (In Chinese).

110.Wing YX. Physical scientists research biomedicine: a call
for caution. Chin J Cancer Res 2015;27:94-5.

111.The top 10 pharma companies by 2013 revenue. Available
online: http://www.fiercepharma.com/special-reports/top-
10-pharma-companies-2013-revenue

112.Philippides A. Top 25 Biotech Companies of 2013, which
firms made this list this time? Available online: http://www.
genengnews.com/insight-and-intelligenceand153/top-25-
biotech-companies-o0f-2013/77899858/

113.Rezaie R, McGahan AM, Daar AS, Singer PA. Innovative
drugs and vaccines in China, India and Brazil. Nat
Biotechnol 2012;30:923-6.

www.amepc.org/qims  Quant Imaging Med Surg 2015;5(3):453-466



Supplementary 1

Central Events in Medicine during 1851-1900 (Murray C,
Human Accomplishment: The Pursuit of Excellence in the Arts and
Sciences, 800 B.C. to 1950’. Page 212-213):

@ 1851: Germany, Hermann Helmholtz invents the
ophthalmoscope.
(1)) 1853: Scotland, Alexander Wood and Charles Pravaz

invent the hypodermic France syringe.
IIm) 1854: England, Florence Nightingale founds modern
nursing practice.

av 1856: France, Louis Pasteur invents pasteurization.

%) 1862: France, Louis Pasteur, the germ disease theory,
transforming the course of medical research and
practice.

(VD) 1863: France, Casimir Davaine discovers the

microorganism that causes anthrax, the first linkage
of a disease with a specific microorganism.

(VID) 1863: Germany, Johann Baeyer discovers barbituric
acid, the first barbiturate

(VIID) 1865: England, Joseph Lister introduces phenol as
a surgery disinfectant, reducing the death rate from
45% to 15%.

IX) 1865: France, Claude Bernard’s Introduction 2
IEtude de la Médecine Expérimental is instrumental
in establishing medicine as a science with
observation, hypothesis, and experimentation.

X) 1874: USA, Andrew Still discovers that dislocations
of the vertebrae are a source of disease, founding
osteopathy.

(XT) 1876: Germany, Robert Koch demonstrates that
bacilli are the cause of anthrax.

(X1 1881: France, Louis Pasteur invents anthrax inoculation,
the first effective treatment of an infectious disease with
an antibacterial vaccine.

(XTIIT) 1881: Austria, Christian Billroth successfully excises
a cancerous pylorus, beginning intestinal surgery;
sometimes said to be the beginning of the modern
era of surgery.

XI1V) 1881: Germany, Robert Koch introduces steam
sterilization.

XV) 1881: USA, William Halsted conducts the first
known human blood transfusion.

XVI) 1882: Germany, Robert Koch isolates the tubercle
bacillus.

(XVII)  1884: Austria, Sigmund Freud and Carl Koller use
cocaine as a local anesthetic.
(XVIII) 1884: England, Rickman Godlee surgically removes

a brain tumor.

XIX) 1884: Germany, Edwin Klebs and Friedrich Loffler

isolate the bacterium for diphtheria and identify it as
the causative agent.
XX) 1885: France, Louis Pasteur invents a rabies vaccine.
(XXT) 1887: France, Augustus Waller records the electrical
activity of the heart, founding electrocardiology.

(XXII)  1890: Germany, Emil von Behring develops the first
antitoxin, for tetanus.

(XXIII) 1891: Germany, Japan, France, Emil von Behring,
Kitasato Shibasaburo, and Emile Roux develop an
antitoxin for diphtheria.

(XXIV) 1893: USA, Daniel Williams conducts the first
successful heart surgery on a human.

(XXV)  1896: Germany, Hermann Strauss introduces X-rays
for diagnostic purposes.

(XXVI) 1896: Germany, Ludwig Rehn successfully sutures a

wound in a human heart.
(XXVII) 1896: Italy, Scipione Riva-Rocci invents the mercury
sphygmomanometer, the precursor of modern version.
(XXVIII) 1896: Netherlands, Christiaan Eijkman discovers
that beriberi is caused by a dietary deficiency.

(XXIX) 1897: England, Ronald Ross discovers the malaria
parasite in the anopheles mosquito.
(XXX)  1899: Sweden, Tage Sjogren achieves the first proven

cure of a patient by X-ray treatment.

Supplementary 2

Annotation of English translation of Chinese names in the text
Xinhai (Hsin-hai) revolution: 3 2 iy

Fifty-two Prescriptions: F1. T i

Mawangdui: 5 T H#E

Zhouhou Beiji Fang: il J& % &7

GE Hong: &t

LI Shizhen: 2=

Compendium of Materia Medica: AFLZ H

TU Youyou: J&H)#)

Pi Shuang: fit 7

ZHANG Ting-Dong: 7K EE#H

CHEN Zhong-Wei: [

WANG Zhen-Yi: T4 X

TANG Feifan: % ¢

WU Lien-The: {hi%EfH

Reference 16. Chinese Science Bulletin: F} 24 i
References 28,3 1. Med Pharm Heilongjiang: M2 %VT. X%
Reference 29. ] Harbin Med Univ: "4 /REEERF K 244
Reference 30. ] New Med Pharm: #2554 &
Reference 47. People’s Military Surgeon: A\ %
Reference 109. Journal of Dialectics of Nature: H 2R AHIET:
I



