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41 Naming Human Diseases: Ethical Principles of Curating Exclusive

42 Substitute for Inopportune Nosology
43

44  Abstract

45  Background: In the medical sphere, understanding naming conventions strengthen the
46  integrity of naming human diseases remains nominal rather than substantial yet. Since the
47  current nosology-based standard for human diseases could not offer a one-size-fits-all
48  corrective mechanism, many idiomatic but flawed names frequently appear in scientific
49  literature and news outlets at the cost of sociocultural impacts.

50  Objective: We attempt to examine the ethical oversights of current naming practices and
51  propose heuristic rationales and approaches to determine a pithy name instead of an
52 inopportune nosology.

53 Methods: First, we examined the compiled global online news volumes and emotional
54  tones on some inopportune nosology like German measles, Middle Eastern Respiratory
55  Syndrome, Spanish flu, Hong Kong flu, and Huntington’s disease in the wake of COVID-
56 19. Second, we prototypically scrutinize the lexical dynamics and pathological
57  differentials of German measles and common synonyms by leveraging the capacity of
58  the Google Books Ngram Corpus. Third, we demonstrated the empirical approaches to
59  curate an exclusive substitute for an anachronistic nosology German measles based on
60  deep learning models and post-hoc explanations.

61  Results: The infodemiological study shows that the public informed the offensive names
62  with extremely negative tones in textual and visual narratives. The findings of the
63  historiographical study indicate that many synonyms of German measles did not survive,
64  while German measles became an anachronistic usage, and rubella has taken the
65 dominant place since 1994. The PubMedBERT model could identify rubella as a
66  potential substitution for German measles with the highest semantic similarity. The
67  results of the semantic drift experiments further indicate that rubella tends to survive
68  during the ebb and flow of semantic drift.

69  Conclusions: Our findings indicate that the nosological evolution of anachronistic names
70 could result in sociocultural impacts without a corrective mechanism. To mitigate such
71  impacts, we introduce some ethical principles for formulating an improved naming
72 scheme. Based on deep learning models and post-hoc explanations, our illustrated
73 experiments could provide hallmark references to the remedial mechanism of naming
74  practices and pertinent credit allocations.

75

76  Keywords: human diseases; anachronistic usage; narrative ethics; credit allocation; deep
77  learning

78  Introduction

79  Background

80  Terminology is the crystallization of human scientific and technological knowledge in
81  natural language. In the medical sphere, appropriate names were deliberately invented for
82  the designation of human diseases with pathological characteristics. However,
83  underrepresented emphasis has been placed on the nomenclature of human diseases. The
84  current wave of destigmatization calls for constant introspection of the offensive
85 appellations of human diseases [1-3]. In the same week, the anachronistic usage of
86  German measles in the leading journals Nature and Science without any caution implies
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87  that some strongly-held but flawed names may brand social stigma and discrimination
88  [4-6].
89 In the 19" century, the name rubella was proposed as a substitute for German term
90  rotheln, then the epidemic neologism German measles was gradually accepted as
91 idiomatic usages [7-16]. However, anachronistic usages like that violate the latest naming
92  protocols of the World Health Organization (WHO) — stigmatizing a specific country and
93 its residents [1]. Arguably, the looming worry is to reignite the torch of discrimination
94  and fuel the current infodemic unconsciously [3,17-20].
95
96 Study Objectives
97  Based on extensive literature review, this study aims to punctuate heuristic introspection
98  of naming practices for human diseases and address the following research issues:
99 [1] Did the anachronistic names like German measles cost social impacts?
100  [2] What are the diachronic discourses of German measles and common synonyms?
101 What can we learn from the lexical evolution?
102 [3] Should we hash out inopportune names like German Measles? And How?
103 [4] What are the pertinent principles of curating the exclusive substitute for an
104 anachronistic nosology?

105  Methods

106  Rich collections of the printed or digital imprint of social individuals are formidable
107  proxies to determine the dynamic pragmatics patterns of practical utterances and reveal
108  the collective human behaviours from sociocultural preferences [21,22]. Following the
109  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
110  guidelines [23], here we orchestrate rich metadata available to unveil the scientific
111  paradigms via the following experiments (Multimedia Appendix 1).

112 Infodemiological study. In the global online news coverage experiments, we aim to
113 unveil the scientific paradigms of the diachronic discourse and emotional tone. Here, the
114  metadata analysis aims to demonstrate the emotional polarity of the public in the context
115  of global online news on German measles, Middle Eastern Respiratory Syndrome,
116  Spanish flu, Hong Kong flu, and Huntington's disease over time, respectively.

117 First, the code scheme was curated following three main principles that we established
118  before [24]. According to the code scheme, the search formulas are available in
119  Multimedia Appendix 2. Second, the unbiased and comprehensive metadata of global
120  online news coverage and emotional tone retrieved through the open project GDELT
121  Summary between December 30, 2019 (the outbreak of COVID-19) and May 8, 2021
122 (the Sixth anniversary of World Health Organization Best Practices for the Naming of
123 New Human Infectious Diseases), including the textual and visual narratives of different
124 queries [25,26]. Finally, by leveraging the capacity of GDELT’s machine translate and
125  neural network image recognition [26], the instant news portfolio in Figure 1 summarizes
126  the textual and visual narratives of different queries in 65 multilingual online news. The
127  volume ratio is the total volume of matching articles divided by the total number of all
128  articles monitored by GDELT. The emotional tone is the average tone of all matching
129  documents, and the normalized score ranges from —10 (extremely negative) to +10
130  (extremely positive) based on the tonal algorithm.

131 Historiographical study. The Google Books Ngram Corpus (GBNC) is a unique
132 linguistic landscape that benefits from centuries of development of rich grammatical and
133 lexical resources as well as its cultural context [27]. It contains n-grams from
134 approximately 8 million books, or 6% of all books published in English, Hebrew, French,
135  German, Spanish, Russian, Italian, and Chinese. The GBNC covers data logs from 1500
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136 to2019. A unigram (1-gram) is a string of characters uninterrupted by a space, and an n-
137  gram (n consecutive words) is a sequence of a 1-gram, such as morbilli (unigram),
138  rubeola (unigram), rubella (unigram), Rotheln (unigram), and German measles (bigram).
139 In this study, by retrieving the use frequency of a specific lexicon in historical
140  development, we first obtain a glimpse of the nature of historical evolution in Figure 3.
141 Then, as we continue to stockpile seminal patterns in Figure 3, some have argued that
142 correlation is threatening to unseat causation as the bedrock of scientific storytelling
143  before. We must punctuate heuristic cautions of wrestling with information from
144 retrospective sources, cross-validation, and the reassembly of the whole story. Finally,
145  we provide compelling arguments to the extent of understanding the underneath nature
146  of lexical dynamics and pathological differentials based on authentic materials and
147  critical examination.
148 Semantic similarity experiments. Based on the epistemic results of the above
149  historiographical study, as an exemplificative case, we could construct the initial
150  candidates of German measles, which includes morbilli, rubeola, rubella, and rotheln.
151  Relatedly, as prior knowledge, the term rotheln is ordinarily used as a translation of the
152  German term rotheln in literature. From the outset, it’s reasonable to expand the initial
153  candidates to morbilli, rubeola, rubella, rotheln, and rotheln.
154 Directed at five expanded candidate words, we employed the BERT model and
155 PubMedBERT model to quantify the semantic similarities between them, respectively.
156  The cosine similarity formulas to calculate semantic relevance is as follows:
— Ln=1AiBi
lAllliBIl \/E?zl(Ai)ZXJZ?=1(Bi)2,
158  where 4 and B denote two vectors, A; and B;(i = 1...n) represent the components of
159  vector 4 and B.
160 The BERT model and PubMedBERT model have the same architecture with different
161  corpora for preliminary training and pre-training (Figure 4). Coupling with a multi-layer
162  bidirectional transformer encoder and bidirectional self-attention, the BERT and
163 PubMedBERT models are more sensitive to semantics than the constrained self-attention
164  used by GPT-2 model. The former uses the BookCorpus (800M words) and English
165  Wikipedia (2,500M words) for training, its multilingual pre-training model can handle
166  over more than 100 languages [28]. The latter model uses the latest collection of PubMed
167  abstracts (14M abstracts, 3.2B words, 21GB), and its pre-training model can facilitate
168  understanding the word semantic in the medical field [29]. The two models used the
169  Wordpiece embeddings with their own token vocabularies. The two models are capable
170  to verify the homology between rotheln, and rotheln, and identify the target word with
171  the closest similarity to German measles in the initial candidates (Figure 5). For post-hoc
172 explanations, PubMedBERT-generated case studies available facilitate to demystify the
173 typical scenarios in pre-training narratives.
174 Semantic drift experiments. We analyzed the dynamic evolution of the five keywords
175  German measles, morbilli, rubeola, rubella, and rotheln. In the experiments, the two-
176  stage text corpora were retrieved from GBNC. Specifically, we choose two time periods:
177  one or two hundred years after the word appeared and 1950 to 2020. Each keyword has
178  two corpora, and each corpus has 1,000 targeted snippets published in two time periods
179  with random sampling.
180 To accurately demonstrate the semantic evolution of each keyword, we orchestrate
181  their synchronic and diachronic semantic structures. Since a word’s historical meaning
182  can be inferred by its most semantically similar words in two time periods, we could track
183  down how the semantics of words change over time [30,31]. Firstly, we used word co-
184  occurrence matrix to build semantic representations in two time periods, in this way the

157 similarity =

)
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185  meaning of the word could be approximated in the contexts over time. By the word co-
186  occurrence matrix, we curated some semantic neighbors for the keywords German
187  measles, morbilli, rubeola, rubella, and rétheln, respectively. Secondly, based on the
188  word co-occurrence matrix, positive pointwise mutual information (PPMI) matrix entries
189  are given by:

C(x,y)N
190 PPMI(x,y) = max (O' log, C((;?(y))’ "

191  where C represents word co-occurrence matrix, C(x,y) refers to the number of co-
192 occurrences of the words x and y, C(x) represents the number of occurrences of the word
193  x, C(y) represents the number of occurrences of the word y, N represents the number of
194  words in the corpus. Thirdly, we used singular value decomposition (SVD) to obtain a
195  4500%4500 matrix for the corpus of the two time periods. Finally, in Figure 6, we
196  employed principal component analysis (PCA) to reduce the dimensions of word
197  embeddings from 4,500 to 2 and then projected the uncharted latent patterns in the five
198  word-embeddings clusters.

199  Results

200  Ethical oversights of naming practices

201  May 8§, 2021 marks 6 years since the first best practices of new human infectious diseases
202 was announced by WHO [1]. In recent years, we have witnessed many outbreaks of
203  human diseases, with proper names given by stakeholders. Sometimes, diseases are
204  initially given interim names or common names. Then, the proper names are officially
205 ratified by the International Classification of Diseases (ICD) of WHO. Even so, each
206  round of naming practice is not always successful [1,32,33]. Of them, Middle Eastern
207  Respiratory Syndrome (MERS) [34], Spanish flu [35,36], Hong Kong flu (1968-
208  1969)[37-39], and Huntington's disease [40—43] have been accused of unnecessary social
209  impacts in previous studies (Figure 1).

210 Naming conventions are not merely for naming diseases but for the vitality of science
211  and the promotion of social progress [2,33,44,45]. Evidently, as shown in Figure 1, the
212 results of the infodemiological study show that the global news outlets (in 65 languages)
213 enjoy long-standing but flawed naming conventions with extremely negative tones, such
214 as German measles, Middle Eastern Respiratory Syndrome, Spanish flu, Hong Kong flu,
215  and Huntington's disease. Admittedly, the coverage of affective tones is much negative
216  than the standard portrayal assumes on average [46]. This finding highlights that these
217  controversial stereotypes confounded the generally accepted norms at the cost of social
218  progress, such as worsening acute stress of patients, provoking the backlash against
219  particular communities, triggering unjustified slaughtering of food animals, and creating
220  needless travel barriers or trade barriers [1-3,47,48].

221 Understanding how naming conventions strengthen the integrity of naming practices
222 remains nominal rather than substantial yet. In the COVID-19 infodemic, multifarious
223 monikers have become explicit consideration in the COVID-19 paper tsunami, and the
224 global profusion of tangled hashtags has found their ways in daily communication [49].
225  Just as the remarks of the editorial of Nature, “As well as naming the illness, the WHO
226  was implicitly sending a reminder to those who had erroneously been associating the virus
227  with Wuhan and with China in their news coverage — including Nature. That we did so
228 was an error on our part, for which we take responsibility and apologize.”[50]
229  Unfortunately, many more stigmatized names somewhat aggravate the collective
230  perceptual biases and contribute to recent backlash against Asians and diaspora [24,51].
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Accordingly, scientists must verse themselves in naming conventions rather than feeding
the trolls of stigma and discrimination.
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Figure 1. Prevailing stereotypes of stigmatizing names with negative tones in the wake
of COVID-19 pandemic. The global instant news portfolio on GDELT Summary
summarizes the textual and visual narratives of different queries in 65 multilingual online
news: A, German measles; B, Middle Eastern Respiratory Syndrome; C, Spanish flu; D,
Hong Kong flu; and E, Huntington's disease. The upper panels display the percent of all
global online news coverage over time. The lower panels show the average emotional
tone of all news coverage from extremely negative to extremely positive. The temporal
resolution of sampling is 15 minutes per day.

Ethical principles of naming human diseases

Of similar concern, we witness that many anachronistic names, from Spanish flu to Zika,
and from Lyme to Ebola, are named after geographic places in our daily communications.
But they are stigmatized cases and plain inaccurate (Table 1).

Table 1. Many diseases’ names have complained of both stigmatization and inaccurate.
Name Complains References
Spanish Flu ~ The 1918-19 influenza outbreak now often referred to as the Spanish  [52,53]
flu did not even originate in Spain.
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Zika virus A mosquito-borne disease caused by Zika virus was first identified [54]
disease in Uganda in 1947 in monkeys, and later identified in humans in
1952. Zika virus disease was named after the Zika forest of Uganda.

Lyme disease  Lyme disease was named after the “original location”, the town of [53]
Old Lyme, Connecticut in 1975. More than 130 years ago, a German
physician Alfred Buchwald first discovered the erythema migrans of
what is now known to be Lyme disease.

Ebola disease The hemorrhagic fever caused by the filovirus is named after the [53-55]
Ebola River at Legbala, Congo. Yambuku, a town situated 100
kilometers away from Legbala, was the first epicenter in 1976.

247 In retrospect, WHO released the latest naming protocols of newly identified infectious
248  diseases in 2015, as a supplement to the Reference Guide on the Content Model of the
249  ICD-11 alpha drafted by ICD in 2011 [1,56,57]. In May 2019, the World Health
250  Assembly (WHA) formally adopted the 11% revision of the International Classification
251  of Diseases (ICD-11). Specifically, we could crystallize the current recommendations
252  into five protocols: avoidance of geographic locations (e.g., countries, cities, regions);
253  avoidance of people’s names; avoidance of species/class of animal or food; avoidance of
254  cultural, population, industry, or occupational references; and avoidance of terms that
255  incite undue fear.

256 In theory, all Member States should follow the nosology-based standard to name a
257  newly identified human disease at a later stage. On one hand, the global response has not
258  always been smooth in practice. On the other hand, the international framework could not
259  offer a one-size-fits-all surveillance mechanism for new designations and the pre-existed
260 names. Currently, many inopportune names are widely professed in both scientific
261  literature and news outlets without any caution, such as Ebola, Rift Valley fever, Japanese
262 encephalitis, Crimean Congo hemorrhagic fever, Chagas disease, Athlete’s foot, miner’s
263  asthma, Marburg disease, Legionnaire’ disease, Creutzfeldt-Jakob disease, monkey pox,
264  bird flu, equine encephalitis, paralytic shellfish poisoning, swine flu, and so on [1,32,33].
265  Accordingly, after the swine flu of 2009 outbreak, some countries still banned pork
266  imports, although swine flu cannot be transmitted from pigs at all. Moreover, they are
267  scapegoating on the resurgence of stigma in the wake of geopolitical tensions and
268  backlashes [53].

A. Avoidance of scientific credit misallocation

-

Discoverer Who first report a new human disease

Originator Who first coin an interim name
Proposer Who propose an interim name as an official name
Auditor . Subcommittees of WHO or other stakeholders
Ratifier Plenary meeting of WHO or other stakeholders

B. Ethical principles of naming/renaming human discases

Be socially acceptable by people (e.g., naming protocols, social norms, etc.)
Brevity and convenience to survive in the ebb and flow of pragmatics
Be semantically identical with clinical manifestations

269
270  Figure 2. Proposal of ethical principles for the latest naming protocols of human diseases.
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271 Still, the most pressing challenges concerning the nomenclature of human diseases
272 depend on well-posed questions, including but not limited to: Who did coin a term to the
273  designation of a specific disease? Is it still an appropriate name today? How many
274  inopportune names garner in textbooks without any caution? How to map out an exclusive
275  substitute for a flawed name? To that end, as a supplement to the current nosology-based
276  nomenclature standard, we propose the ethical principles for naming a new human disease
277  or renaming pre-existed nosology, as well as pertinent credit allocation (Figure 2).

278 First, as shown in Figure 2, many contributors were involved in the general taxonomy
279  and nomenclature process of human diseases, including the discover(s), originator(s),
280  proposer(s), auditor(s), and ratifier(s). Without moral discernment, the Matthew effect of
281  credit misallocations always discourages individual engagement in such practices [58].
282  Scientists, who preluded the accession of a particular disease, do not always earn their
283  bona fide niches because of credit misallocation in the scientific narratives. Typically, the
284  unsung originator Dick Thompson first coined the term “Severe Acute Respiratory
285  Syndrome” (SARS) on 15 March 2003 [59]. His tour-de-force contribution is portrayed as
286  atrivial anecdote. Similarly, Dr. Jean-Jacques Muyembe-Tamfum, one of the discoverers
287  of Ebola disease, has been unsung until 2015 [60—62]. Thus, figuring out the seminal
288  motivations of nomenclatures in routine obscurity generally presupposed that we could
289  track down the original records [63,64]. To corroborate continuous introspection of
290  previous multifarious findings, historians always find themselves buried in unending
291  retrieval of tangled contingencies to pinpoint such inherent affiliations in pithy evidence.
292 Second, any proposed name of diseases should balance science, policy, and
293  communication. Human diseases are often given names by stakeholders outside of the
294  medical sphere. As a counterexample, Pneumonoultramicroscopicsilicovolcanoconiosis,
295  referred to as pneumoconiosis or silicosis, was coined by Everett M. Smith in 1935
296  [65,60]. Literally, the 45-letter neologism is “a form of a chronic lung disease caused by
297  the inhalation of fine silicate or quartz dust”, according to the Oxford English Dictionary
298  Online (OED Online). Such a long disease entity does not roll off the tongue for efficient
299  communication, and we should discard similar designations in scientific literature.

300 Third, erasing the stigmas of human diseases is a major public health priority. Whether
301  name change will ever destigmatize a human disease or not is a cliché. As a case in point,
302 Schizophrenia (also known as Kraepelin’s disease or Bleuler’s syndrome) was first
303  adoptedin 1937 as a translation of the German name Schizophrenie. To erase the potential
304  stigma of Schizophrenia, the National Federation of Families with Mentally III in Japan
305 requested the Japanese Society of Psychiatry and Neurology to replace the official term
306  Seishin Bunretsu Byo with Togo-Shicchou-Sho in 2002 [67—69]. In the same vein, South
307  Korea changed their official term jeongshin-bunyeol-byung to johyun-byung in 2011 [70].
308  Subsequently, lexical harm reduction became a bone of contention [68,71-75]. Keep the
309  twists and turns of naming practices in mind, any novel proposal should go far beyond a
310 mere semantic equivalent, as well as across cultures and languages. In practice, an
311  alphanumeric code or a Greek letter is occasionally proposed for naming a pathogen or
312 disease, but the opposers underline that such designations often introduce new confusion.
313 For example, “filovirus-associated haemorrhagic fever 1” and “filovirus-associated
314  haemorrhagic fever 2” were proposed for potential candidates instead of Marburg disease
315  and Ebola disease, respectively [32]. Similarly, some Greek letters sound alike when they
316 are translated into other languages, such as eta (the seventh letter of the Greek alphabet)
317  and theta (the eighth letter of the Greek alphabet) [76]. With unreached consensus, some
318  problematic notions are barning in our textbooks to educate generation after generation
319  without any caution. Nonetheless, reassigning a curated standard name is the corrective
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320  approach to destigmatize a flawed name of infectious diseases or noncommunicable
321  diseases.

322 Last but not at least, sociocultural costs of inappropriate disease names receive little
323  attention [53]. Scientists mostly work to reduce the physical toll of diseases, although
324  many of them endorse that disease names could be problematic [32]. Consistent with our
325 findings, in most instances, inappropriate disease names remain in our blind spot, partially
326  because the lasting damage they cause is difficult to quantify. Just as the remarks of Dr.
327  Keiji Fukuda, Assistant Director-General for Health Security of the WHO, “this may
328  seem like a trivial issue to some, but disease names really do matter to the people who
329 are directly affected.”[48] Admittedly, empirical research suggested that the common
330  usage of inappropriate names could produce a vicious circle in public communication and
331 institutional notions further reinforce collective stigmatization, discrimination, and
332 prejudice [45,72].

333 Looking back and looking forward

334  Framed within the historical coevolution of scientific contexts, understanding the
335 nosological continuity of diseases remains limit [63,77-80]. As a case in point, the
336  pathological associations between German measles and common synonyms (e.g.,
337  morbilli, rubeola, rubella, Rotheln, etc.) are in the fog of confusion, although the debate
338  has been going on over a century and a half earlier [7,81-85]. These diachronic discourses

339  and lexical dynamics also remain unclear [4,7,86—89].
100 5
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Morbilli
= Rubeola
g -
] = Rubella
Rétheln (in German)

80

70 4

60

504

40

30

Normalized frequency (per billion words)

20

10 4

340 Year

341  Figure 3. Historiographical study. Google Books Ngram Corpus (GBNC) facsimiles the
342 diachronic discourse of morbilli (English corpus), rubeola (English corpus), rubella
343 (English corpus), Rotheln (German corpus), and German measles (English corpus) from
344 1719 to 2019.

345 Nowadays, the Google Books Ngram Corpus (GBNC) is a unique linguistic landscape
346  that benefits from centuries of development of rich grammatical and lexical resources, as
347  well as its cultural context [27,90]. Arguably, the lexicographical and historiographical
348  study promises to articulate the ins and outs of scientific narratives by leveraging the
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349  capacity of these rich metadata corpora over four centuries. As shown in Figure 3, many
350  miscellaneous disease names (e.g., morbilli, morbilli scarlatinosi, rétheln, feuermasern,
351  scarlatina morbillosa, rubeola notha, rosalia idiopathica, bastard measles or scarlatina,
352 hybrid measles or scarlatina, etc.) have sunk back into merited oblivion in the ups and
353  downs of epic history, whereas German measles was destined to become an antiquated
354  and anachronistic usage, and rubella initiated a herald wave of dominant place after 1944.
355 The nosology of German measles and similar diseases is still far from being generally
356  recognized, as well as their pathological differentials [64,91]. Measles is an old English
357 disease name that classical nosologists have vainly attempted to replace by such
358  synonyms as morbilli and rubeola [92]. The English term measles was introduced by Dr.
359  John of Gaddesden as an equivalent of the Latin term morbilli around the 14" century
360  [63,93,94]. But such designation was generally criticized for “a product of semantic and
361  nosographic confusion.”[95] The term rubeola originally borrowed from the Latin word
362  Rubeus (meaning reddish) in Avicenna of Bagdad’s writings, is thought to have been
363  used for the first time as a translation of the term measles [94,96]. Indeed, the great
364  majority of scientists recognize German measles to be an independent disease.

365 According to the OED Online, the earliest known references to German measles date
366  back as far as 1856 (Table 2). Therefore, it is generally believed that the epidemic entity
367  German measles was accepted growly after 1856 [7,97,98]. But this is not the case. The
368  earliest usages could be stemmed back to about 1814 (Table 3).

369  Table 2. The debuts of German measles and its synonyms according to OED Online.
Name Debut Description References
morbilli 1526 The iuce of it with water of endyuye is good for the chyldren [99]
pockes and messeles varioli and morbilli.
rubeola 1771 Exanthemata, or eruptive fevers; comprehending 10 genera, [100]
viz. 1. Erysipelas; 2. Peftis; 3. Variola; 4. Varicella; 5.
Rubeola; 6. Miliaria; 7. Scarlatina; 8. Urticaria; 9.
Pemphigus; 10. Aphtha.
Rétheln 1 January I shall therefore use the German word Rotheln to designate [101]

1840 the mixed disease under consideration.
German 12 July With regard to the name, ‘German measles’ — its usual trite  [7]
measles 1856 designation here — seems unexceptionable for common use.
rubella 1866 Rétheln is harsh and foreign to our ears...I therefore venture [102]

to propose Rubella as a substitute for Rotheln, or, at any rate,
as a name for the disease which it has been my object in this
paper to describe.

370  Table 3. Historiographical origins of German measles and common synonymes.

Name Debut Credit Evidence References
rubeola 1768 Francgois Shortly before (1768), the two diseases had [89,103]
Boissier de been separated by Sauvages in his Nosology,

Sauvages de  and he was the first to call measles “rubeola,”
Lacroix (12 instead of “morbilli,” by which name it had

May 1706 —  always been known before. This new name,
19 February  “rubeola,” was adopted by Cullen in his
1767) Nosology, published four years later (1772).
Rétheln 1 January ~ Robert I fear that the adoption of the word rubeola [101,104]
1840 Paterson for this disease would produce confusion in
(1814 — medical nomenclature. 1 shall therefore use
1889) the German word Rétheln to designate the

mixed disease under consideration, in
preference to that of rubeola, or the use of a
new term.
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German 4 April  William On April 4, 1814, Dr. George Maton ... This [105-107]
measles 1814 George first identification of German measles as a
Maton (1774  discrete illness was published one year later,
—1835) an interval from presentation to publication
not dissimilar to that in modern experience.
rubella 1740 Friedrich Friedrich Hoffmann (1660-1742), ..., Notable [108,109]
Hoffmann among his many clinical descriptions are
(1660 — those of rubella (called “German” measles as
1742) a consequence of his description,) chlorosis,
and the diseases of the pancreas and liver.
371
372 The term German Measles was established as a separate disease in 1814 and officially

373  recognized by the International Congress of Medicine in 1881. The known clinical
374  description came from German physicians Friedrich Hoffmann in 1740, De Bergen in
375 1752, and Orlow in 1758, respectively [97,108,109]. Before 1768, for more learned
376  occasions, Rétheln and morbilli seem more decidedly to mark a distinct disease, than any
377  other yet proposed [7,89]. French physician Sauvages de Lacroix, who established the
378  first methodical nosology for disease classification in 1763 [57,110], first applied the term
379  rubeola to what had been previously termed morbilli in 1768 [89]. And while almost
380 immediately after him, the German physicians, Selle, Orlow, and Ziegler, clearly laid
381  down the distinctive marks between rubeola and morbilli. On April 4, 1814, Dr. George
382  de Maton read a paper entitled “Some Account of a Rash Liable to be Mistaken for
383  Scarlatina” at the Royal College of Physicians in London [105—107], which results in the
384  names rubella or German measles as a substitute for Rotheln [7,86]. Then, the epidemic
385  term German measles was accepted gradually as a synonym of rubella. German measles,
386  Rétheln or rubeola per se, was officially ratified as a distinct disease at the 7
387 International Medical Congress, London, August 2 to 9, 1881 [88,111-118]. A quarter-
388  century later, the term German Measles has ultimately become common usage.

389 Rubella has been “discovered — and named — multiple times” in the past centuries [119].
390  In modern literature, rubella has become a de facto synonym for German Measles after
391 1944 [7-16]. In 1740, the English name rubella is derived from Latin rubellus reddish,
392 and the clinical description of rubella was first described by Friedrich Hoffmann, the
393  author of Fundamenta Medicinae [108,109]. Then, rubella was considered by Dr. Maton
394  to be a mere variant of measles or scarlet fever in 1814 [105,106,120]. Half a century
395 later, English surgeon Henry Veale suggested the need to name the discrete disease, and
396  formally proposed the name rubella as a substitute for Rétheln in 1866 [97]. As a major
397  human infectious disease, rubella must have emerged only in the past 11,000 years for
398  which some close relatives may still exist among animals [4,64]. Indeed, consistent with
399  the historiographical results (Figure 3), rubella had been considered of ‘“minor
400  importance among the common communicable diseases” until 1940 [121]. Following the
401  rubella epidemic of 1940, the occurrence of congenital rubella syndrome (CRS) was first
402  recognized by Norman McAlister Gregg in 1941 [122,123]. As of 2018, 81 countries
403  were verified as having eliminated rubella via routine vaccination, and even today rubella
404  remains endemic in other countries [124].

405 A heuristic roadmap of exclusive substitute

406  An exclusive substitution for an anachronistic usage could be a pre-existed synonym, a
407  blend word, or a neologism. However, we should curate an exclusive substitute following
408  the ethical principles (Figure 2). Relatedly, as a heuristic case, we hash out the
409  inappropriate name like German Measles to quell confusion and avoid stigma. Here, we


https://doi.org/10.1101/2021.05.01.442270
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.05.01.442270; this version posted October 2, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

410  demonstrate an illustrational approach to determine an exclusive substitution for German
411  Measles without ambiguity.

412 First, the similarity coefficient between words is determined by deep learning models,
413  and finally screen out an exclusive substitute for German Measles according to the
414  semantic similarity scores of word embeddings. In Figure 4, the input example is first
415  constructed by summing the corresponding token, segment, and position embeddings,
416  and then word embeddings go through the BERT base model to obtain the vector
417  representations with semantic information. As for the bigram like German measles, we
418  averaged the individual word vector to get the final word vector. By quantifying the
419  cosine similarity scores between the word vectors (Figure 5), it turns out that the term
420  rotheln is substantial equivalence to rotheln with the highest semantic fidelity, and the
421  results of the BioBERT model and the PubMedBERT model shed light on each other.
422  Most notably, as a model in the medical field, the PubMedBERT model maps out that
423 Rubella should be the exclusive substitution for German measles with the highest
424  semantic similarity.
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428  Figure 5. Heatmaps of semantic similarity scores. A, the BERT model and B, the
429  PubMedBERT model. The higher scores in the heatmaps, the higher the semantic
430  similarity between two synonyms.

431 Second, some case studies are given using the same function with the PubMedBERT
432 model for post-hoc explanations (Table 4). According to syntactical function, in case #1,
433 the qualifier ‘this’ refers to rubella, so the synonymous sentence of the original sentence
434  was that rubella is another name for German measles. Semantically, rubella has an
435  equivalence relationship with German measles, with a very high semantic relevance
436  (0.954). In case #2, rotheln has a dependent relationship with German measles rather than
437  an equivalence relationship. In cases #3 and #4, morbilli and rubeola tend to the
438  appositions of measles rather than those of German measles. To sum up, the case studies
439  further emphasize the high semantic similarity between rubella and German measles.

440  Table 4. Some case studies are retrieved using the same function with the PubMedBERT
441  model.

No. Examples Semantic similarity scores
#1  Rubella: This is another name for German measles, it causes
mental retardation, deafness, and still birth.

0.954

#2  All these physicians were German, and the disease was known
as Rotheln (from the German name Roteln), hence the common 0.903
name of “German measles”.

#3  Morbilli sine catarrho has no doubt been described, but it is
always held that in these cases our test for measles is awanting,
and that it may be German measles, or something else equally
non-protective against a similar attack.

#4 By the way, German measles is not the same as regular measles
(rubeola), and having immunity from one illness does not 0.892
protect you from the other.

0.896
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443 Figure 6. The historical reconceptualization process of German measles and common
444  synonyms.

445 Third, the purpose of the semantic drift experiments is to examine how and to what
446  extent the meanings of German measles, morbilli, rubeola, rubella, and rétheln have
447  changed over time. In the meantime, estimate the semantics of words from a particular
448  period through historical synonyms. In Figure 6, we projected the latent semantic drifts
449  of German measles, morbilli, rubeola, rubella, and rotheln from their debuts to 2020
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450  (Table 2 and Table 3). To highlight the cases of semantic drift, the five keywords (in
451  colors) were shown with their historical synonyms (in gray). The closer two words are to
452  each other, the more semantically similar they are. For example, the term Rubella was
453  closely associated with the German term masern in 1740, and the dominant meaning of
454  Rubella was more semantically similar to the words fowlpox and morbillivirus in 2020.
455  As for the term German measles, its meaning was closer to pustula, flowered measles,
456  and strawberry measles when it debuted. However, the semantics of German measles is
457  closer to those of paramyxoviridae and three day measles today. Rubeola changed its
458  dominant meaning from skin disease scabies to roteln, and this change approximately
459  took place between 1768 and 2020. Comparatively, Rétheln was more often associated
460  with the word variola rather than anthrax, while Morbilli was referred to pediculosis or
461  rash rather than rosacea or red sandwort. Therefore, it is found that five keywords have
462  different degrees of semantic drift over time. Coupled with the previous results (Figure
463  3), rubella is a high-pragmatic-frequency synonym of German Measles in recent
464 literature and tends to survive in due course.

465 In short, our results strongly suggest that rubella is a geography-free, high-pragmatic-
466  frequency, and high-semantic-homology synonym of German Measles. In theory, rubella
467 1is a pithy substitute for efficient communication according to Zipf’s principle of least
468  effort, comparing with the blend-word German Measles [125]. Additionally, it rolls much
469  easier off the tongue than German Measles in daily communication. In retrospect, some
470  pioneers advocated the discarding of the offensive name German Measles before
471  [91,126,127], as the remarks, “it [rubella] is perhaps the best that has been used”’[91] and
472  “a better name for which [German Measles] is rubella.”’[127] Such foresight is also
473  consistent with our experimental results. Therefore, it should be an optimal substitute to
474  fill in the niche of German Measles in practice.

475  Discussion

476  Conclusion

477  On the anniversary of the best practices of new human infectious diseases announced by
478  WHO, we take an open mind to appreciate modest introspections and rededications to
479  celebrate the big moment. The present naming rules could not offer a one-size-fits-all
480  corrective mechanism, especially for the pre-existed names. In the scientific sphere, much
481  remains to be learned about the ins and outs of naming practices. Here, we examine what
482  we need to know and what we need to eliminate the label paradox in due course.

483 Concretely, our infodemiological study first shows that long-standing but flawed
484  names of human diseases are still going viral in both the scientific community and news
485  outlets at the cost of social impacts, whatever their seemingly harmless origins. Following
486  the best practices of WHO, curated names of human diseases should be scientifically
487  pithy and socially acceptable, with the faith of minimizing marginal impacts on nations,
488  economies, and people.

489 Our lexicographical and historiographical study could articulate the twists and turns of
490 naming human diseases over several centuries, penetrate to the essence of nosology, and
491  finally bridge the gaps of contemporary considerations. Heuristic introspection would
492  help us to determine pithy names instead of offensive counterparts. Arguably, as an
493  exemplificative case, it is reasonable that rubella should become an exclusive usage
494  substitute for German Measles with the same clinical manifestations and equivalent
495  semantics. Thus, our proposed principles and approaches are expected to provide
496  hallmark remedial mechanisms for current nosology-based standards and reframe far-
497  reaching discussions on the nomenclature of human diseases.
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498  Data availability

499  The synthetic data generated in this study and custom code supporting this study are
500 available at GitHub (https://github.com/YaChen8/Naming_human_disease).
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Multimedia Appendix 1 PRISMA-based flowchart

In this study, we orchestrate rich metadata available to unveil the scientific paradigms via four pertinent experiments, following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (PRISMA 2015; Zeraatkar and Ahmadi 2018; Jobin et al. 2019; Page et al. 2021).
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Each round of discascs naming practice is not always successful,

Example

L

Five terms of frequently accused of unnecessary social impacts

'S

We formulated the candidates of subjective scarches in daily
communication by three main principles*. Finally, the cligible

Google Books Ngram Corpus

The pathological associations belween
German measles and common synonyms are
in the fog of confusion.
The four synonyms of German
include (n=4) :

Morbilli

Rubeola

Rubella

Rotheln

measles

—*

an exclusive substitute for an anachronistic usage
German mcasles based on deep learning models
and post-hoc explanations.

We demonstrated the practical approaches to curate

¥

Models that can handle semantics include (n=11) :
WordNet
Word2Vee
GloVe
lastText
ELMo
GPT-2
BERT

(BioBERT/SciBERT/

nical BERT/PubMedBERT)

Selecting the GBNC contains book fragments
from five terms (n=2.273,400)
Five terms includes:

German measles

Morbilli

Rubceola

Rubella

Rétheln

Retrieving the use frequency of five keywords
in historical development

The large book corpuses includes:
n-grams from approximately 8 million

books

6% of all books published

languages**

Book data logs from 1500 to 2019

! L
in Eight

confounded

Studies  included in
previous  version of for examples:
review German measles
_E (n = 23,700) Middle Fastern Respiratory Syndrome
E Reports  of  studies Spanish flu
£ |included in previous | | ""“?{ K““grﬂ“_
E | version of review Ilvu_utmglun‘s disease
© (n=21.500) Rift Valley fever
Japanese encephalitis
Crimean Congo hemorrhagic fever
cte.
(n-3):
German measles
ol Middle Eastern Respiratory Syndrome
= Spanish flu
§ Hong Kong flu
“‘n-’ Huntington's di
Tormula are obtained.
GDELT Summary
This open project includes:
The textual and visual narratives of different
Total studics included queries
[ | [0 review Il 65 multilingual online news
§ (n=108) ) Machine translatc capacity
= REPO"S Qt total Network image recognition capacity
£ | included studies
n=21)
Data retrieved between 2019.12.30 and 2021.5.8:
Five terms’ volume ratio (n- 2480)
Five terms’ emotional tone (n=2480)
s
7}
% These controversial stereotypes
g accepted norms at the cost of social progress
(5]

the

generally

Total frequency of usc data (per billion words)
retrieved between 1500 to 2019:
German measles (English corpus) =
16915.83
Rubella (English corpus) = 68311.09
Rétheln (German corpus) = 53850.92
Morbilli (English corpus) = 2741.376
Rubeola (English corpus) = 11522.14

I

The findings of the historiographical study
indicate that many synonyms of German
measles did not survive, while German

measles has been on the wrong side of [

history, and rubella has taken the dominant
place since 1994

1

A model that can represent all five terms as word
veetors (n-5) :

SciBERT
Clinical BERT
PubMedBLERT

Screening time
One or two hundred years after the word
appeared
and 1950 to 2020
Filter entrics
Each corpus
published in
two time periods with random sampling
Only one terms can appear per targeted snippet

has 1000 targeted  snippets

]

The model selected after pre-experiment (n=2) :
BERT [the BookCorpus (800M words) and
English  Wikipedia (2.500M words]
PubMedBERT [PubMcd abstracts (14M
abstracts, 3.2B words, 21GB)]

We used word co-occurrence matrix to build
semantic representations in (wo time periods

¥

¥
The word vector is obtained through the filtered
model. The terms involved in the calculation

include (n 6) :
German measles
Morbilli
Rubeola
Rubella

Based on the word co-occurrence malrix, create
the positive pointwise mutual information (PPMI)
matrix

!

Using singular value decomposition (SVD) to get
a 4500x4500 matrix for the corpus of the two
time periods

Rétheln ~ Rotheln (Cognate words)
1]

Calculate the scmantic similarity between word
vectors

i
We employed principal component analysis
(PCA) to reduce the dimensions of word

cmbeddings from 4500 to 2
{

G

*

Historiographical origins of German measles
and common synonyms as distinct from OED
Online:

German measles - 1814

Rubella - 1740

Rétheln - 1840

Morbilli - 1526

Rubeola - 1768

The infodemiological study shows that the public informed the
long-standing but flawed names with cxtremely negative tones in
textual and visual narratives.

N

OED Onlinc
ISTOR
Web of Science

Wikipedia.org

cte.

oogle Books Ngram Corpus

CWSPAapCrs.com

Projecting the uncharted latent patterns in the five
word-cmbeddings  clusters,  to  show
semantic  neighbors  for German measles,
morhilli, rubeola, rubella, and rétheln

s0mc

The PubMedBERT model and BERT model could
identify rubella as a potential substitution for
German _measles  with the highest
similarity.

scmantic

Rubella is a high-pragmatic-frequency synonym
of German Measles in recent literature and tends
to survive in due course.

1

i

As an cxemplificative casc, it is rcasonable that rubella should become an cxclusive usage substitute for
German Measles with the same clinical manifestations and equivalent semantics.

1

The illustrated experiments could provide hallmark references to curating exclusive substitutes for inopportune nosology.

* We filtered candidates of subjective scarches in daily communication by three main principles: (i) Scarch intercst on the top of the ranks: (ii) Be formal and complete in spelling: (iii) As much as possible consistent with global erowd participant.
#% Hight languages are English, Hebrew, French, German, Spanish, Russian, Italian, and Chinese, respectively.

Figure Al. PRISMA-based flowchart.
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Multimedia Appendix 2 Code scheme

A defined itemized code scheme of crowd behavior in daily communication is paramount
for our understanding of the unbiased and comprehensive archive of global online news.
Firstly, the initial search candidates included German measles, Middle Eastern Respiratory
Syndrome, Spanish flu, Hong Kong flu, and Huntington's disease. They have been accused of
unnecessary social impacts before [1-10]. Then, we formulated the candidates of subjective
searches in daily communication by three main principles: (i) Search interest on the top of the
ranks; (i1) Be formal and complete in spelling; (ii1) As much as possible consistent with global
crowd participant [11]. Finally, the eligible search formulas meeting the inclusion criteria are
as following:

[1] German measles: ("German measles” OR "German Measles") AND
PublicationDate>=12/30/2019 AND PublicationDate<=5/8/2021

[2] Middle Eastern Respiratory Syndrome: ("Middle Eastern respiratory syndrome” OR
"Middle Eastern Respiratory Syndrome") AND PublicationDate>=12/30/2019 AND
PublicationDate<=5/8/2021

[3] Spanish flu: ("Spanish flu" OR "Spanish Flu" OR "Spanish influenza" OR "Spanish
Influenza") AND PublicationDate>=12/30/2019 AND PublicationDate<=5/8/2021

[4] Hong Kong flu: ("Hong Kong flu" OR "Hong Kong Flu" OR "Hong Kong influenza"
OR "Hong Kong Influenza") AND  PublicationDate>=12/30/2019 AND
PublicationDate<=5/8/2021

[5] Huntington's disease: ("Huntington's disease” OR "Huntington's chorea” OR
"huntington's disease" OR "huntington's chorea" OR "Huntington Disease"” OR
"Huntington disease” OR "Huntington chorea" OR "huntington disease" OR
"huntington chorea") AND PublicationDate>=12/30/2019 AND
PublicationDate<=5/8/2021

By leveraging the capacity of GDELT’s machine translate and neural network image
recognition, the unbiased news portfolio in 65 languages provides a unique lens into global
online news coverage from December 30, 2019 to May 8§, 2021.
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