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INTRODUCTION 

Volume 9 Issue 1 of the Creighton International and Comparative Law Journal presents 

several compelling and internationally relevant articles. The featured articles discuss the Doctrine 

of Necessity and how it should be applied to temporarily suspend commitments under international 

trade and investment agreements, as well as the interaction between cyberwarfare and international 

humanitarian law in the wake of a proliferation of cyber-attacks that have shifted the paradigm of 

warfare. The issue also features remarkable student articles taking up the pronounced talent waste 

stemming from the current treatment of skilled labor immigrants in the United States, and the 

global risks attending insufficient regulations regarding genetic modifications of the human 

genome in nations across the world.   

As the legal frameworks of varying nations and cultures collide, the pursuit of knowledge 

and understanding becomes ever more important. An open discussion of the issues faced today, 

both at home and internationally, will be instrumental in shaping the world of tomorrow. We hope 

to add to this discussion by providing a platform for presenting pertinent issues and questions that 

cut across national and cultural lines.     

I would like to express my gratitude to the board of editors, staff, authors, and our faculty 

advisor Raneta Lawson Mack for all of their hard work, which was instrumental in assembling this 

remarkable issue. This publication would not have been possible without the diligence of everyone 

involved, and so I thank each of you for your pronounced efforts.  

 

 –Austin Graves, Editor-in-Chief, Creighton International and Comparative Law Journal 
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Is this Really Necessary? 

The Scope of the Doctrine of Necessity in 21st Century Investment 

Treaties 

By: Dillon Fowler* 

Abstract 

The seismic political shifts of 2016 have threatened the international trading regime in an 

unprecedented way. Populist backlash against free trade across the developed world has made 

restructuring how trade and investment agreements are written and interpreted vital in order to 

protect the gains globalization has brought the world over the past several decades. One of the 

easiest ways to accomplish this is for international arbitration bodies like ICSID to adopt a broader 

understanding of when nations should be allowed to temporarily suspend their commitments under 

trade and investment agreements. In this article, Dillon Fowler argues that the disparate decisions 

offered by ICSID Tribunals in the aftermath of the Argentine financial crisis provide a blueprint 

for how the Doctrine of Necessity should be applied in investment disputes, allowing its invocation 

"to prevent a major breakdown, with all its social and political implications" as the Tribunal 

decided in CMS v Argentina. 

Keywords 

Investor-State dispute settlement; Doctrine of Necessity 

I. INTRODUCTION 

Despite his later leanings as a strict constructionist in constitutional interpretation, James 

Madison wrote in Federalist No. 44 that “[n]o axiom is more clearly established in law or in reason 

than that wherever the end is required, the means are authorized; wherever a general power to do 

a thing is given, every particular power necessary for doing it is included.”1 While he denounced 

                                                      

 Dillon Fowler is a dual J.D. graduate of the University of Ottawa Faculty of Law and 

American University Washington College of Law 
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attempts by the Federalists to use the Necessary and Proper clause of the Constitution to justify 

ever-expanding federal powers, this admission articulated an eternal truth that states would do well 

to remember when crafting future trade and investment agreements. 

One such agreement, the Trans-Pacific Partnership (TPP), garnered no shortage of 

controversy over the past half-decade. No part of the agreement, however, provoked as much 

passion as its investor-state dispute settlement (ISDS) mechanism. Opponents argue that ISDS 

deprives states of their sovereignty by allowing foreign corporations to subvert domestic laws 

without having to use the same judicial system as everyone else.2 By signing on to the agreement, 

critics charge, governments would have been pre-emptively depriving themselves of the ability to 

take necessary actions to protect the health of their people and the sustainability of the environment 

and their natural resources.3 

 However, even when trade agreements with ISDS mechanisms are signed, the doctrine of 

necessity still allows governments to breach their treaty commitments in certain mitigating 

circumstances.4 The problem with using this doctrine as a shield against lawsuits under ISDS is 

that, while the doctrine is universally acknowledged, its scope and applicability are in sharp 

dispute.  

                                                      
1 Federalist No. 44 (James Madison). 
2 See José E. Alvarez & Kathryn Khamsi, The Argentine Crisis and Foreign Investors: A 

Glimpse into the Heart of the Investment Regime, THE Y.B. ON INT’L INV. LAW AND POL’Y 

2008/2009, 379, 383 (Karl P. Sauvant ed., 2009) (“Many are astounded by the idea that three 

individuals, two of whom are party-appointed, in a case brought by a single foreign investor, 

who is not entitled even to be considered part of the greater democratic polity of a host state such 

as Argentina, can question how that government chooses to respond to a serious crisis.”). 
3 See Michael Geist, The Trouble With the TPP, Day 42: The Risks of Investor-State Dispute 

Settlement (March 2, 2016), http://www.michaelgeist.ca/2016/03/the-trouble-with-the-tpp-day-

42-the-risks-of-investor-state-dispute-settlement/ (unlike the Comprehensive Economic and 

Trade Agreement [CETA] between Canada and the E.U., the TPP’s ISDS section does not 

“include a clear affirmation of governmental power to regulate”). 
4 Draft Articles on Responsibility of States for Internationally Wrongful Acts, with commentaries, 

Int’l Law Comm’n, Rep. on Its Fifty-Third Session, U.N. Doc A/56/10 (2001), Art. 25, 80 

[hereinafter Draft Articles] (Under customary international law, the doctrine of necessity “arises 

where there is an irreconcilable conflict between an essential interest on the one hand and an 

obligation of the State invoking necessity on the other”). 
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One of the earliest invocations of the doctrine of necessity was by the Russian government 

concerning an effort to ban seal hunting. In a letter to the British Ambassador to Moscow, the 

Russian foreign minister outlined the four central elements of the state of necessity: “[1] the 

absolutely exceptional nature of the alleged situation; [2] the imminent character of the threat 

against an important State interest; [3] the impossibility of avoiding the risk with other means; and 

[4] the necessarily temporary nature of this justification, linked to the due danger’s persistence.”5  

Necessity itself is only a mitigant, rather than a defense. It is “an exception from illegality 

and in certain cases . . . an exception from responsibility.”6 The Draft Articles on State 

Responsibility describes the doctrine in very restrictive terms. Article 25 built on the outline from 

the Russian seal hunting case by stating that:  

Necessity may not be invoked by a State as a ground for precluding the 

wrongfulness of an act not in conformity with an international obligation of that 

State unless the act: (a) is the only way for the State to safeguard an essential interest 

against a grave and imminent peril; and (b) does not seriously impair an essential 

interest of the State or States towards which the obligation exists, or of the 

international community as a whole . . . In any case, necessity may not be invoked 

by a State as a ground for precluding wrongfulness if: (a) the international 

obligation in question excludes the possibility of invoking necessity; or (b) the State 

has contributed to the situation of necessity.7 

However, even with these qualifications meant to narrow the circumstances when necessity can 

be invoked, furious divisions have arisen over how far the doctrine can go in superseding investors’ 

rights written directly into treaties.  

This divide came to a head during the Argentine economic crisis in 2001. Argentina had 

numerous bilateral investment treaties (BITs) with provisions that the government breached in its 

                                                      
5 LG&E Energy Corp. v. Argentine Republic, ICSID Case No. ARB/02/1, Decision on Liability, 

n.64 (October 3, 2006), 21 ICSID Rev.-FILJ 203 (2006). 
6 Continental Casualty Co. v. Argentine Republic, ICSID Case No. ARB/03/9, Award, ¶160 

(Sept. 5, 2008), https://www.italaw.com/sites/default/files/case-documents/ita0228.pdf. 
7 Draft Articles, supra note 4, at 80. 



Volume 9 
Issue 1 

CREIGHTON INTERNATIONAL AND COMPARATIVE LAW JOURNAL 
 

4 

 

efforts to contain the crisis. In response to numerous claims from U.S. investors, the Argentine 

government argued that Art. XI of its BIT with the U.S. permits the State to take extreme measures 

to restore public order as a matter of necessity.8  

Necessity, according to Argentina, rests on the legitimate expectations of both of the parties 

involved. This is a departure from previous arbitration cases, since although the expectations of 

the investors are always considered, the expectations of the breaching State are usually ignored. 

The Tribunals handling the claims against Argentina split, with many rejecting the country’s 

invocation of necessity, while others held that Argentina was “excused from liability for the 

measures taken during the extreme circumstances of December 2001 until April 2003 in order to 

maintain public order and protect its essential interests.”9 That split has left a fierce debate over 

when necessity can be invoked, with many viewing the decisions against Argentina as “casebook 

examples of free traders’ insensitivity to legitimate (and vitally necessary) forms of public 

regulation.”10 

 As the Argentina cases make clear, in order to maintain the integrity of international trade 

deals that enshrine broad investors’ rights into law, States must be given more flexibility to deal 

with economic crises, rather than just those concerning ‘essential interests’ in the traditional sense 

of physical security.  

One way to deal with this could be to follow the example set by the TPP by including 

chapters in future trade agreements dealing specifically with the economic conditions that justify 

a state invoking necessity, as well as how far states can go in such circumstances.11  

                                                      
8 U.S.-Argentina Bilateral Investment Treaty, U.S.-Arg, Article XI (1994), http://2001-

2009.state.gov/documents/organization/43475.pdf (“This Treaty shall not preclude the 

application by either Party of measures necessary for the maintenance of public order, the 

fulfillment of its obligations with respect to the maintenance or restoration of international peace 

or security, or the Protection of its own essential security interests.”). 
9 LG&E, ICSID Case No. ARB/02/1, Decision on Liability at 42 n.39 (“It was fair that during 

this period of time, Argentina suspended the guarantees of the Gas Law and postponed the PPI 

tariff adjustments until such time as the Government could manage to resume its obligations.”). 
10 Alvarez & Khamsi, supra note 2, at 382. 
11 See Trans-Pacific Partnership, Ch. 29, Feb. 4, 2016, https://ustr.gov/trade-agreements/free-

trade-agreements/trans-pacific-partnership/tpp-full-text [hereinafter TPP]. 
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While including these chapters in trade agreements would certainly help alleviate the issues 

states are facing with ISDS in its current form, it would do nothing for countries operating under 

previous trade agreements that lack such provisions, and the wording of those chapters would 

likely end up being too narrow and restrictive to encapsulate the many ways that economic 

conditions should justify the invocation of necessity. Therefore, the best way to give states the 

flexibility they need is for arbitral tribunals to adopt the interpretation of the doctrine of necessity 

articulated in CMS v Argentina as a matter of customary international law, allowing invocation 

when it is needed “to prevent a major breakdown, with all its social and political implications.”12  

Greece’s ongoing struggles exemplify why this broader interpretation of necessity is 

required: while there is no external military threat to the country, its severe economic crisis, 

coupled with the strict terms of its E.U. bailout, enabled neo-fascists to place third in the country’s 

most recent elections.13 These factors have resulted in increased domestic security threats and the 

possibility of a “major breakdown” in the country’s civil society. By allowing Greece to 

temporarily forgo some of its obligations to foreign investors, the international community would 

be allowing it to deal with a festering problem before it explodes into something far harder to deal 

with. 

 Section II of this paper gives an overview of the historical development of the doctrine of 

necessity in international investment law, as well as its invocation in certain domestic legal fields. 

These include criminal law, tort law, and contracts. It also reviews five of the Argentinian cases, 

including the four “Gas Sector Cases”14 dealing with foreign investments in the country’s natural 

                                                      
12 CMS Transmission Co. v Argentina, ICSID Case No. ARB/01/8, Award of the Tribunal, ¶ 319 

(May 12, 2005), 44 ILM 1205 (2005). 
13 See Helena Smith, Neo-fascist Greek party takes third place in wave of voter fury, GUARDIAN 

(Sept. 20, 2015, 7:48 PM), http://www.theguardian.com/world/2015/sep/21/neo-fascist-greek-

party-election-golden-dawn-third-place (reporting that Golden Dawn has referred to the bailout 

accords as “ethnocide” and that the party is currently being charged with murder and other 

violent crimes). 
14 CMS Transmission Co. v. Argentina, ICSID Case No. ARB/01/8, Award (May 12, 2005); 

LG&E Energy Corp v. Argentine Republic, ICSID Case No. ARB/02/1, Decision on Liability 

(October 3, 2006); Enron Corp. v. Argentine Republic, ICSID Case No. ARB/01/3, Award (May 

22, 2007), https://www.italaw.com/sites/default/files/case-documents/ita0293.pdf; and Sempra 

Energy Int’l v Argentine Republic, ICSID Case No. ARB/02/16, Award (Sept. 28, 2007), 

http://icsidfiles.worldbank.org/icsid/ICSIDBLOBS/OnlineAwards/C8/DC694_En.pdf. 
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gas reserves. Section III analyzes the key components of the doctrine, including (1) what defines 

an “essential interest,” (2) when a threat can be considered “imminent” under the doctrine, and (3) 

how restrictive the standard is for the doctrine’s invocation. Section IV recommends four 

interpretative guides and policy suggestions for how best to adopt this expanded view of when 

invocation of necessity is warranted. 

II. BACKGROUND 

A. PRE-ARGENTINE CASES 

1. Anglo-Portuguese Dispute (1832) 

Even before the Russian seal hunting case, necessity was invoked when the Portuguese 

Government, in 1832, expropriated property owned by British subjects, in violation of a treaty.15 

Portugal argued that its actions were justified because its soldiers were “quelling internal 

disturbances,” and therefore necessitated the provisions.16 Unfortunately for the British, the 

international legal system at the time did not provide many avenues for redress. 

2. German Occupation of Belgium and Luxembourg (1914) 

Described as “[p]erhaps the classic case of such an abuse,” the German occupation of 

Luxembourg and Belgium in 1914 was justified by the Germans on the grounds that the war 

necessitated it.17 A speech by Chancellor von Bethmann-Hollweg to the Reichstag included the 

famous phrase: “We are in a state of self-defense and necessity knows no law.”18 

3. US-Nicaragua Treaty (1956) 

One of the clauses included in this treaty referred to situations where a party “considers 

necessary” certain measures. The International Court of Justice (ICJ), interpreting the treaty, found 

that a plain reading of the Treaty language made it clear that determining whether a State’s measure 

                                                      
15 Draft Articles, supra note 4, at 81. 
16 Id. 
17 Id., at 80 n.373. 
18 Id. 
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was or was not necessary to protect essential security interests was not “purely a question for the 

subjective judgment of the party.”19 

4. Gabcikovo-Nagymaros (1993) 

The ICJ contributed significantly to the international jurisprudence behind the doctrine of 

necessity with its decision in Gabcikovo-Nagymaros. While interpreting the International Law 

Commission’s (ILC) early version of the provision that eventually became Article 25 of the Draft 

Articles, the Court concluded “that the state of necessity is a ground recognized by customary 

international law . . . [that] can only be accepted on an exceptional basis . . . [t]hus, according to 

the Commission, the state of necessity can only be invoked under certain strictly defined conditions 

which must be cumulatively satisfied; and the State concerned is not the sole judge of whether 

those conditions have been met.”20 

Furthermore, the Court outlined five conditions drawn from customary international law 

that it found must be considered before determining whether the invocation of necessity is 

appropriate or not: “[1] it must have been occasioned by an ‘essential interest’ of the State which 

is the author of the act conflicting with one of its international obligations; [2] that interest must 

have been threatened by a ‘grave and imminent peril’; [3] the act being challenged must have been 

the ‘only means’ of safeguarding that interest; [4] that act must not have ‘seriously impair[ed] an 

essential interest’ of the State towards which the obligation existed; and [5] the State which is the 

author of that act must not have ‘contributed to the occurrence of the state of necessity.”21 

Finally, the decision in this case included a far broader interpretation of what constitutes 

an essential interest than is generally accepted in customary international law: that whether or not 

                                                      
19 Peter Tomka, Chapter 34: Defenses Based on Necessity Under Customary International Law 

and on Emergency Clauses in Bilateral Investment Treaties, in Meg N. Kinnear, Geraldine R. 

Fischer et al. (eds), BUILDING INTERNATIONAL INVESTMENT LAW: THE FIRST 50 YEARS OF ICSID 

(Kluwer Law International, 2015), 2, at 481. Contra Continental Casualty Co. v. Argentine 

Republic, ICSID Case No. ARB/03/9 at 181 (deciding that Article XI required “a significant 

margin of appreciation for the State applying the particular measure”). 
20 Gabcikovo-Nagymaros Project (Hung. v. Slovk.), Judgment of September 25, 1997, 1997 

I.C.J. Rep. 7, ¶ 51 [hereinafter Gabcikovo-Nagymaros]. 
21 Id. at ¶52 (in other words, a force majeur situation). 
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an interest is essential cannot be reduced to whether the very existence of the State is at issue, and 

can include more peripheral issues such as “grave danger to … the ecological preservation.”22 

B. DOMESTIC LEGAL FIELDS 

1. Criminal 

One of the most famous criminal cases in English law revolved around the invocation of 

necessity as a defense to charges of cannibalism. Regina v. Dudley & Stephens involved four 

sailors adrift at sea without food.23 In order to survive, three of them cannibalized the fourth and 

were eventually rescued.  

The court found that killing the fourth sailor was not “urgently necessary” because, at any 

moment, they all could have been saved by a passing ship. Because of this, there was no moment 

when the threat of dying from starvation was sufficiently “imminent” to justify the murder. The 

two sailors convicted of murder, Dudley and Stephens, were subsequently hanged. 

2. Tort 

In tort law, necessity is divided into two categories: private and public. Private necessity is 

when an individual uses the property of another for his or her own personal reasons. Public 

necessity, on the other hand, is the use of private property by a public official for public purposes, 

usually referred to as either expropriation or nationalization. 

The Second Restatement of Torts describes the doctrine of public necessity accordingly: 

“One is privileged to enter land in the possession of another if it is, or if the actor reasonably 

believes it to be, necessary for the purpose of averting an imminent public disaster.”24 Additionally, 

The Law of Torts stipulates that: “It would seem that the moral obligation upon the group affected 

to make compensation in such a case should be recognized by the law, but recovery usually has 

been denied.”25 

                                                      
22 Id. at ¶ 53 (quoting Report of the Comm’n to the Gen. Assembly on the work of its 32nd 

session, 1980 Y.B. Int’l L.  Comm’, U.N. Doc. A/CN.4/SER.A/1980/Add.1 (Part 2) 

http://legal.un.org/ilc/publications/yearbooks/english/ilc_1980_v2_p2.pdf). 
23 Regina v. Dudley & Stephens (1884), 14 Q.B.D. 273. 
24 RESTATEMENT (SECOND) OF TORTS §196 (Am. Law Inst. 1975). 
25 The Law of Torts, §24 (W. Page Keeton et al. eds. 5th ed. 1984). 
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In Vincent v. Lake Erie Transportation Co, which since 1910 has become the most cited 

case on the issue of private necessity, the majority ended its decision by declaring that the case 

was “not a case where life or property was menaced by any object or thing belonging to the 

plaintiff, the destruction of which became necessary to prevent the threatened disaster. Nor [was] 

it a case where, because of the act of God, or unavoidable accident, the infliction of the injury was 

beyond the control of the defendant, but is one where the defendant prudently and advisedly 

availed itself of the plaintiffs’ property for the purpose of preserving its own more valuable 

property.”26 Accordingly, the court found that the plaintiffs were entitled to compensation. The 

Supreme Court of Minnesota held in Vincent that “public necessity, in times of war or peace, may 

require the taking of private property for public purposes; but under our system of jurisprudence 

compensation must be made.”27  

The Court followed this reasoning in Wegner v Milwaukee Mutual Ins. Co, where it found 

that compensation was required and enunciated the doctrine of public necessity in cases “where 

an innocent third party’s property is taken, damaged or destroyed by the police in the course of 

apprehending a suspect.” Furthermore, the Court found that “[a]t its most basic level, the issue is 

whether it is fair to allocate the entire risk of loss to an innocent homeowner for the good of the 

public.”28 It answered in the negative, and ordered the municipality to award damages to the 

plaintiff. The decision was significant because, although the Court recognized that the police 

actions were necessary, it refused to preclude the plaintiff from seeking compensation. 

This put the decision in direct contradiction to a far earlier precedent set by the California 

Supreme Court in 1853. In Surocco v Geary, the defendant blew up the plaintiff’s house in order 

to prevent a fire that had started from spreading to the rest of the city.29 The court concluded that 

the plaintiff was not owed compensation because the house “would have been consumed had it 

been left standing. The plaintiffs [could not] recover for the value of the goods which they might 

have saved; they were as much subject to the necessities of the occasion as the house in which they 

were situate; and if in such cases a party was held liable, it would too frequently happen that the 

                                                      
26 Vincent v. Lake Erie Transp. Co., 109 Minn. 456, 460 (Minn.1910). 
27 Id. 
28 Wegner v. Milwaukee Mut. Ins. Co., 479 N.W.2d 38, 42 (Minn. 1991). 
29 Surocco v. Geary, 3 Cal 69 (Cal. 1853). 
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delay caused by the removal of the goods would render the destruction of the house useless.”30 

This state-level discrepancy has yet to be resolved by the U.S. Supreme Court. 

3. Contract 

Since international investment law is based, to a large degree, on pre-existing contract law, 

national laws of contract are helpful sources of jurisprudence. In several countries, “promises made 

under necessity are either void, voidable or the party claiming that his vulnerability was exploited 

may seek a judicial modification of the contract.”31 In contract law the term “necessity” is rarely 

used, but the doctrine is still applied in a variety of contexts. For instance, duress is a defense to 

both the formation and breach of a contract.32 

C. INTERNATIONAL INVESTMENT LAW 

1. GATT Article XX – General Exceptions 

Article XX of the General Agreement on Tariffs and Trade (GATT) lists several 

conditions where a State may, out of necessity, enact measures that would otherwise violate the 

Agreement, including to protect public morals as well as human, animal, or plant life or health.33 

2. Multilateral Trade Agreements 

NAFTA 

Many legal scholars have interpreted the phrase “applicable rules of international law” 

included in Article 1131 of NAFTA to include the customary international law definition of 

necessity.34 Furthermore, Article 2102, outlining States’ unrestricted rights to breach provisions of 

the Agreement in cases of threats to national security, includes the same three conditions that were 

found in the Multilateral Agreement on Investment (MAI): arms trafficking, wars, or 

                                                      
30 Id. at 388. 
31 Peter Cserne and Akos Szalai, On the Necessity of Necessity: An Economic Analysis of 

Contracts Concluded in a Situation of Need, 2 SILESIAN J. LEGAL STUD. 11, 11 (2010). 
32 See Duress- Contracts, http://contracts.uslegal.com/breach-of-contract-defenses/duress/ (last 

visited Aug. 31, 2017) (Among other things, the plaintiff must show that he or she “had no 

reasonable choice but to enter the contract on the terms dictated by the plaintiff”). 
33 General Agreement on Tariffs and Trade, art. XX (a)-(b), April 14, 1994, 1867 UNTS 187; 33 

I.L.M. 1153 (1994). 
34 North American Free Trade Agreement, U.S.-Can.-Mex., art. 1131, Dec. 17, 1992, 32 I.L.M. 

289 (1993) [hereinafter NAFTA]. 
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implementing national or international agreements on the non-proliferation of nuclear weapons.35 

These constitute the traditional circumstances that would permit a State to invoke the doctrine of 

necessity and breach its treaty obligations. 

CETA and TPP 

 Both CETA and the TPP included provisions on essential security interests that, in effect, 

incorporate the language from Article XX of the GATT.36  However, what is interesting is that, as 

previously stated, both also had a separate chapter on “Temporary Safeguard Measures” regarding 

capital movements and payments.37 In the TPP, this provision allowed parties to take certain 

enumerated measures when one of the listed economic conditions arises, ending with a non-

exhaustive clause allowing for “certain other economic crises, subject to certain conditions and 

disciplines.”38 The text of the Agreement notes that the measures taken cannot “exceed those 

necessary to deal with the circumstances.”39  

It will likely be years before it is understood how expansively international tribunals will 

interpret these and similar chapters. As it stands now, however, Member States seem to be viewing 

                                                      
35 Id., at art. 2102(1)(b)(i)-(iii). 
36 See Comprehensive Economic and Trade Agreement, Can.-EU., Oct. 19, 2016, 

http://international.gc.ca/trade-commerce/trade-agreements-accords-commerciaux/agr-acc/ceta-

aecg/text-texte/toc-tdm.aspx?lang=eng, [hereinafter CETA]; See also TPP, supra note 11. 
37 CETA, supra note 36, at art. X.03 (“Where, in exceptional circumstances, capital movements 

and payments, including transfers, cause or threaten to cause serious difficulties for the operation 

of the economic and monetary union of the European Union, the European Union may impose 

safeguard measures that are strictly necessary… [and do not] constitute a means of arbitrary or 

unjustifiable discrimination between a Party and a non-Party may be taken by the European 

Union with regard to capital movements and payments, including transfers, for a period not 

exceeding six months. The European Union shall inform Canada forthwith and present, as soon 

as possible, a time schedule for the removal of such measures.”); TPP, supra note 9 (“The 

chapter defines circumstances and conditions under which a Party may impose temporary 

safeguard measures restricting transfers – such as contributions to capital, transfers of profits and 

dividends, payments of interest or royalties, and payments under a contract – related to covered 

investments. The exception is important to ensure that governments retain the flexibility to 

manage volatile capital flows, including permitting countries to impose temporary safeguard 

measures or capital controls restricting investment-related transfers in the context of a balance of 

payments crisis, or certain other economic crises, subject to certain conditions and disciplines.”). 
38 TPP, supra note 11, at art. 29.3(3)(d). 
39 Id. In other words the measures must be proportionate; see Tecmed v Mexico, ICSID Case No. 

ARB (AF)/00/2, Award (May 29, 2003), 47. 
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them as far more restrictive than the sort of provisions that would have been required to avoid 

catastrophe in the Argentine cases.40 

D. BITS 

The legal disputes in the Argentina cases arose from the country’s BITs, especially the 

U.S.-Argentina BIT, which did not explicitly restrict the definition of what constituted an 

“essential security interest.”41 This is unlike some BITs, which followed the example of the MAI, 

and made sure to limit the definition of an essential interest to one of the three conditions noted 

above.42 

Another issue that differentiates the form necessity takes in various BITs is how its 

invocation is judged. The 2004 U.S. Model BIT and Canada’s Model Foreign Investment 

Promotion and Protection Agreement are explicitly self-judging (“it considers necessary”), while 

several others do not use such blatant language.43 

Finally, provisions concerning essential security interests usually apply to the treaty they 

are contained in as a whole, but some have been narrowly tailored to only apply to specific 

provisions.44 

E. ARGENTINE CASES 

                                                      
40 Government of Canada, Trade Remedies Chapter, Global Affairs Canada, 

http://www.international.gc.ca/trade-agreements-accords-commerciaux/agr-acc/tpp-

ptp/understanding-comprendre/07-TradeRemedies.aspx?lang=eng (The Government of Canada, 

summarizing the Trade Remedies Chapter in TPP, states that it “[a]llows for, in exceptional 

circumstances, bilateral safeguard measures (e.g. temporary tariff increases),” so long as they 

“are not used as a barrier to trade, but rather are limited to remedying legitimate situations of 

injury,” while at the same time restricting these measures to instances when the state must 

“protect domestic industry from injury following a surge in imports as a result of the [TPP]”). 
41 Katia Yannaca-Small, Essential Security Interests under International Investment Law. 

International Investment Perspectives 2007: Freedom of Investment in a Changing World, 

OECD, 93, 98. 
42 Id. 
43 Id. at 98-9. 
44 Id. at 99 (including the expropriation chapter of the agreement between the Belgian-

Luxembourg Economic Union and China; the non-discrimination chapter in the Japan-China 

BIT; the dispute settlement chapter of the Austria-Mexico BIT; and the application of host-

country law to the foreign investment chapter of the UK-India BIT). 
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The cases surrounding Argentina’s financial crisis and the measures the country took to 

handle it are vital to understanding how Tribunals currently interpret the doctrine of necessity. The 

four Gas Sector Cases, as well as Continental Casualty, are particularly relevant for understanding 

how the international investment regime weighs investors’ treaty rights against the right of States 

to regulate for the public good. 

1. CMS v Argentine Republic 

In CMS, Argentina asserted that it followed the criteria outlined in Article 25 of the Draft 

Articles when it invoked necessity.45 Argentina attempted to support its central claim “that 

economic interest qualifies as an essential interest of the State when threatened by grave and 

imminent peril”46 by claiming that: it did not contribute to the state of necessity in a substantive 

way; that the measures adopted were the only ones capable of protecting its essential economic 

interests, especially the “pesification” of contractual relations; and that “the essential interests of 

another State that was a beneficiary of the obligation breached or, for that matter, those of the 

international community as a whole were not affected and foreign investors were also not treated 

in a discriminatory manner.”47 

Confronted with determining whether Argentina’s crisis amounted to a grave and imminent 

threat to an essential interest, the Tribunal found that the “need to prevent a major breakdown, 

with all its social and political implications, might have entailed an essential interest,” and that 

Argentina’s situation “was of catastrophic proportions.”48  

While avoiding a determination on whether the crisis actually constituted a sufficient threat 

to an essential interest, the Tribunal nonetheless found that Argentina’s “perception of extreme 

adverse effects . . . [was] understandable, and in that light the plea of necessity or emergency [could 

                                                      
45 CMS Transmission Co. v Argentina, ICSID Case No. ARB/01/8, Award of the Tribunal, ¶ 311 

(May 12, 2005), 44 ILM 1205 (2005). 
46 Id. at ¶305. 
47 Id. at ¶312. 
48 Id. at ¶319-20. 
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not] be considered as an abuse of rights.”49 The Tribunal used the same reasoning to find that the 

government taking action was justified due to the crisis being grave and imminent.50  

However, the Tribunal found that the measures taken were not the only ones available, and 

that Argentina substantially contributed to the creation of the crisis in the first place since 

successive Argentinian administrations devised and implemented the policies that led to it.51 

2. LG&E v Argentine Republic 

This was the first case to conclude that Argentina could base their defense on Article XI of 

the Argentine-US BIT.”52 Here, the Tribunal defined essential interests even more expansively 

than in the Annulment Committee’s review of the CMS decision. According to the Tribunal, an 

essential interest “is not limited to those interests referring to the State’s existence. As evidence 

demonstrates, economic, financial or those interests related to the protection of the State against 

any danger seriously compromising its internal or external situation, are also considered essential 

interests.”53 

The Tribunal went on to cite two additional interpretations of essential interests that are 

similarly broad. The first states that essential interests “include those related to different matters 

such as the economy, ecology or other.”54 The second “affirmed that the threat to an essential 

interest would be identified by considering, among other things, a serious threat against the 

existence of the State, against its political or economic survival, against the maintenance of its 

essential services and operational possibilities, or against the conservation of internal peace or its 

territory’s ecology.”55 

                                                      
49 Id. at ¶321. 
50 Id. at ¶322. 
51 Id. at ¶323-29. 
52 Peter Tomka, Chapter 34: Defenses Based on Necessity Under Customary International Law 

and on Emergency Clauses in Bilateral Investment Treaties, in Meg N. Kinnear, Geraldine R. 

Fischer et al. (eds), BUILDING INTERNATIONAL INVESTMENT LAW: THE FIRST 50 YEARS OF ICSID 

(Kluwer Law International, 2015). 
53 LG&E Energy Corp. v. Argentine Republic, ICSID Case No. ARB/02/1, Decision on 

Liability, ¶ 251 (October 3, 2006), 21 ICSID Rev.-FILJ 203 (2006).  
54 Id. 
55 Id. 
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The Tribunal finished its analysis of essential interests by stating that “an interest’s greater 

or lesser essential, must be determined as a function of the set of conditions in which the State 

finds itself under specific situations. The requirement is to appreciate the conditions of each 

specific case where an interest is in play, since what is essential cannot be predetermined in the 

abstract.”56 While understandable in the circumstances, the inherent ambiguity of the decision has 

left most of the international legal community still seeking guidance. 

However, using this standard, the Tribunal concluded that Argentina’s essential interests 

were threatened by the economic crisis in December 2001.57 It found that Argentina “faced an 

extremely serious threat to its existence, its political and economic survival, to the possibility of 

maintaining its essential services in operation, and to the preservation of its internal peace.”58 

Interestingly, the Tribunal disagreed with the determination in CMS that Argentina contributed 

substantially to the creation of the crisis, finding that there was “no serious evidence in the record” 

suggesting that Argentina had done so.59 

3. Enron v Argentine Republic 

The Tribunal in the Enron case assessed the issue of whether Argentina’s essential interests 

were threatened differently than the Tribunal in LG&E and the Annulment Committee in CMS: 

while accepting that the crisis was severe, it found that, 

 the argument that such a situation compromised the very existence of the State and 

its independence so as to qualify as involving an essential interest of the State [was] 

not convincing. Questions of public order and social unrest could be handled as in 

fact they were, just as questions of political stabilization were handled under the 

constitutional arrangements in force.60  

 

                                                      
56 Id. at 252. 
57 Id. at 257. 
58 Id. 
59 Id. 
60 Enron Corp. v. Argentine Republic, ICSID Case No. ARB/01/3, Award ¶306 (May 22, 2007), 

https://www.italaw.com/sites/default/files/case-documents/ita0293.pdf.  

https://www.italaw.com/sites/default/files/case-documents/ita0293.pdf
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Agreeing that the government had a duty to ensure that the crisis did not worsen, the 

Tribunal nonetheless found that there was “no convincing evidence that the events were out of 

control or had become unmanageable.”61 

On the issue of whether the measures were the only ones available to the government to 

adequately deal with the crisis, the Tribunal agreed with the decision in CMS, but not with the one 

in LG&E, holding that “[a] rather sad world comparative experience in the handling of economic 

crises, shows that there are always many approaches to address and correct such critical events, 

and it is difficult to justify that none of them were available in the Argentine case.”62 

The Tribunal also held that the object and purpose of the treaty was violated by Argentina’s 

measures since the treaty was intended “to apply in situations of economic difficulty and hardship 

that require the protection of the international guaranteed rights of its beneficiaries.”63 Therefore, 

interpreting the treaty in a way that allows the state to violate this core intention runs counter to 

the reason the treaty was agreed to in the first place.64 

4. Sempra Energy v Argentine Republic 

Decided the same year as Enron, the Sempra case similarly found that, in order for 

necessity to be invoked, the state’s measures must relate to its physical self-preservation.65 While 

the Tribunal considered the economic conditions afflicting Argentina when deciding on damages, 

it nevertheless found that the extreme economic turmoil in the country did not justify the country’s 

decision to violate the investors’ rights included in the BIT.66 

5. Continental Casualty v Argentine Republic 

The Tribunal that accepted the broadest interpretation of necessity under Art XI was the 

one that decided Continental Casualty. While not one of the four Gas Cases, this decision attracted 

                                                      
61 Id. at ¶307. 
62 Id. at ¶ 308. 
63 Id. at ¶331. 
64 Id. 
65 See Sempra Energy Int’l v Argentine Republic, ICSID Case No. ARB/02/16, Award, ¶388 

(Sept. 28, 2007) (“Since the Tribunal has found […] that the crisis invoked does not meet the 

customary law requirements of Article 25 of the Articles on State Responsibility, it concludes 

that necessity or emergency is not conducive in this case to the preclusion of wrongfulness.”). 
66 Id. at ¶417. 
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both praise and criticism for its generous application of necessity, relative to most of the other 

Tribunals. Following the reasoning adopted in LG&E, the Tribunal found that the measures taken 

by Argentina need only be reasonable in the circumstances, rather than the far more restrictive 

“only way” approach adopted by the other Tribunals.67  

The measures adopted by Argentina to stem the crisis, included, “the pesification, the default and 

the subsequent restructuring of […] debt instruments.”68 Such measures,  

 were in part inevitable, or unavoidable, in part indispensable and in any case 

material or decisive in order to react positively to the crisis, to prevent the complete 

break-down of the financial system, the implosion of the economy and the growing 

threat to the fabric of Argentinian society and generally to assist in overcoming the 

crisis.69  

Therefore, the Tribunal found that invocation of Art. XI was applicable in almost all of the 

claims against Argentina.70 

F. DRAFT ARTICLES ON STATE RESPONSIBILITY (2001) 

In an effort to summarize the customary international law on state responsibility, the ILC 

released the Draft Articles on State Responsibility in 2001. Article 25 outlined the definition of 

the doctrine of necessity, and the attached Commentaries attempted to further outline the contours 

of the doctrine. The ILC found that:  

“unlike consent (art 20), self-defence (art. 21), or countermeasures (art. 22), it [necessity] 

is not dependent on the prior conduct of the injured State. Unlike force majeure (art. 23), 

it does not involve conduct which is involuntary or coerced. Unlike distress (art. 24), 

necessity consists not in danger to the lives of individuals in the charge of a State official 

                                                      
67 Continental Casualty Co. v. Argentine Republic, ICSID Case No. ARB/03/9, Award, ¶199 

(Sept. 5, 2008), https://www.italaw.com/sites/default/files/case-documents/ita0228.pdf (“Our 

task is…to evaluate only if the plea of necessity by Argentina is well-founded, in that Argentina 

had no other reasonable choice available.”). 
68 Id. at ¶197. 
69 Id. 
70 Id. at ¶266. 
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but in a grave danger either to the essential interests of the State or of the international 

community as a whole.”71 

Although necessity is usually traced to idea of the State’s self-preservation, here the ILC does not 

limit it as such, and in fact in the Commentary there is a suggestion that essential interests extend 

“to particular interests of the State and its people.”72  

However, “[m]indful of historical instances of abuse of the invocation of states of 

necessity, the formulation adopted by the ILC in Article 25 of the Articles has been carefully 

drafted and imposes strict requirements. It is to be noted that the ILC used a negative formula 

(‘[n]ecessity may not be invoked…unless’), in order ‘to emphasize the exceptional nature of’ this 

plea.”73 While these clarifications are helpful in analyzing the doctrine of necessity, there are 

several outstanding questions as to the appropriate interpretation of key terms, as well as the scope 

and frequency which are appropriate in such interpretations. 

III. ANALYSIS 

A. ESSENTIAL INTEREST 

The question of what constitutes an “essential” interest lies at the heart of the debate over 

the proper interpretation of the doctrine of necessity. In 1961 the Organization for Economic Co-

operation and Development (OECD) released its Code of Liberalisation of Capital Movements in 

order to provide “a balanced framework for countries to progressively remove unnecessary barriers 

to the movement of capital, while providing flexibility to cope with situations of economic and 

financial instability.”74 Article 3 of the Code stipulates that its provisions “shall not prevent a 

Member from taking action which it considers necessary for the  . . . protection of its essential 

security interests.” 

                                                      
71 Draft Articles, supra note 4, at 80. 
72 Draft Articles, supra note 4, at 83; see also Tomka, supra note 52, at 482. 
73 Tomka, supra note 52, at 2; but see Draft Articles, supra note 4, at 88 (affirming that 

obligations, including the duty to pay compensation, continue regardless of whether a State 

claims necessity). 
74 OECD, Code of Liberalisation of Capital Movements; Promoting Orderly Capital Flows: The 

Approach of the Code, http://www.oecd.org/investment/investment-

policy/CapMovCodeBrochure.pdf. 
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Agreements that explicitly endorse the doctrine of necessity, including most BITs, qualify 

its application by limiting essential interests to instances of war, arms trafficking, and other 

emergencies that threaten the physical security of the state and its citizens.75 The obvious reason 

for this is to prevent a State from passing “a disguised protection of economic interests or actions 

that are disproportionate in relation to the protected interests.”76 Furthermore, as stated above, such 

provisions are usually self-judging in character, since they allow the breaching State to take any 

measures “it considers necessary.”77 

It is important to note that, although related, necessity under customary international law 

is substantially different than BIT provisions allowing for invocation of the doctrine.78 These 

provisions are oftentimes referred to as “non-precluded measures” clauses or emergency clauses.79 

While necessity is enshrined in customary international law, a party to a BIT seeking to invoke it 

when it has already been prescribed in one of the treaty’s provisions is unlikely to succeed.80 

                                                      
75 See Article on General Exceptions, Multilateral Agreement on Investment (The draft of 

negotiations from 1995-1998 allows for necessity in cases of war, armed conflict, other 

emergency, or in order to implement national or international agreements concerning non-

proliferation efforts). 
76 Yannaca-Small, supra note 41, at 96. 
77 Id.; but see LG&E Energy Corp. v. Argentine Republic, ICSID Case No. ARB/02/1, Decision 

on Liability, ¶ 228 (October 3, 2006), 21 ICSID Rev.-FILJ 203 (2006) (noting that, since 1901, 

the combined emergency periods in Argentina were longer than the combined non-emergency 

periods, and that this shows why such provisions should not be entirely self-judging). 
78 Tomka, supra note 52, at 478 (suggesting that the decisions in CMS and Continental Casualty 

offer useful clarifications for the distinctions between the two). 
79 Id.; see also William W Burke-White & Andreas von Staden, Investment Protection in 

Extraordinary Times: The Interpretation and Application of Non-Precluded Measures 

Provisions in Bilateral Investment Treaties, 49 VA. J. INT’L L. 307, 386 (2008) (in most cases, 

successful invocation of an NPM provision will absolve states of international responsibility 

towards investors, since these provisions preclude the applicability of the entire treaty, meaning 

liability can only arise for harm incurred after the underlying crisis has ceased). 
80 See Tomka, supra note 49, at 493-94 (“[A]s the conditions for invocation of necessity as a 

circumstance precluding wrongfulness under the customary international law on State 

responsibility are much stricter than the conditions for relying on an emergency clause in a BIT, 

should the BIT contain such a clause, it is almost certain that if a State does not succeed with its 

defense based on an emergency clause, it will necessarily fail with its defense based on necessity 

under customary international law.”). 
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However, as stated above, while the definition of what constitutes an essential interest in 

BITs generally follows the customary international law model in restricting invocation to those 

three instances listed above, certain BITs allow for invocation outside of them. Not surprisingly, 

Argentina’s BITs played a prominent role in the development of international jurisprudence on the 

topic. 

The four Gas Sector cases, as well as Continental Casualty, display a clear and deep divide 

over how broadly to interpret which interests amount to “essential” ones. Art. XI refers to essential 

security interests, not to emergencies, and so many argue that the chapter only exists to give States 

flexibility in crises relating to security in a traditional way that centers around the government’s 

police power.81 

While defining essential interests, an argument arose over how to interpret the term “public 

order.” The debate came down to Argentina referring to its Spanish translation ‘orden publico,’ a 

civil law term referring to “a broad set of fundamental conditions of social life instituted in a 

juristic community,” while the U.S. companies relied on the traditional English definition meaning 

the absence of public disorder.82 The Tribunals sided with the U.S. definition, largely on account 

of the fact that the word “maintenance” rather than “protection of” is used in Art. XI, indicating 

that the English interpretation was intended.83 

In LG&E, the Tribunal worked with this U.S. definition and still found that essential 

interests were threatened, since the effect that the economic crisis was having on the country 

justified the State taking extraordinary measures to protect against dangers “seriously 

compromising” internal or external situations.84 In order to get to this point Argentina made the 

                                                      
81 See Alvarez & Khamsi, supra note 2, at 452-53 (Noting the strong military connotation of the 

term ‘security’ and doubting that it could be expanded to cover even the most dire emergencies 

that don’t directly involve national defense).  
82 Id. at 450. 
83 Id. at 450-51. 
84 LG&E Energy Corp. v. Argentine Republic, ICSID Case No. ARB/02/1, Decision on 

Liability, ¶ 251 (October 3, 2006), 21 ICSID Rev.-FILJ 203 (2006). 
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argument that the measures it took were the only way to avoid massive increases in utility rates, 

which would in turn have caused consumer riots.85 

The two additional principles of necessity cited by the LG&E Tribunal were even broader, 

allowing necessity to be invoked in cases where: political or economic survival is at stake; the 

maintenance of essential services and operational possibilities is threatened; and the State must 

conserve its internal peace or its territory’s ecology.86 

These definitions would provide States with far too much leeway to avoid living up to their 

treaty obligations, turning the doctrine of necessity into a catch-all excuse for States to renege on 

their commitments. The Annulment Committee in CMS approved of the invocation of necessity in 

the Argentine case without going this far, limiting its analysis to the fact that Argentina needed to 

prevent a major breakdown of society, with its attendant “social and political implications,” even 

if the country was at least partly responsible for the situation.87 

The Enron Tribunal, on the other hand, interprets the doctrine far too restrictively; if every 

Tribunal adopted the Enron Tribunal’s definition of “essential interest,” Argentina likely would 

have been plunged back into crisis. The determination that, for an interest to be essential, it must 

relate to the idea of self-preservation, was also adopted by the Tribunal in Sempra.88 What these 

Tribunals unfortunately ignored is that allowing necessity to be invoked only in cases where the 

State’s independence, or very existence, is at stake ignores the fact that economic collapse has 

become a far more potent and likely threat to most developed societies than all-out warfare.89 

When analyzed side by side, these decisions reveal that something close to the CMS 

formulation is likely the best way to interpret the doctrine of necessity in the 21st century: affirming 

                                                      
85 Id. at ¶215. Contra Alvarez & Khamsi, supra note 1, at 451 (arguing that Argentina, 

alternatively, could have subsidized consumers directly, although not explaining where that 

money would come from). 
86 LG&E, supra note 84, ¶ 251. 
87 CMS Transmission Co. v Argentina, ICSID Case No. ARB/01/8, Award of the Tribunal, ¶ 319 

(May 12, 2005), 44 ILM 1205 (2005).  
88 Tomka, supra note 52, at 488. 
89 CMS Transmission Co. v. Argentina, ICSID Case No. ARB/01/8, Award (May 12, 2005) at 

238 (comparing economic siege to military invasion); cf. Alvarez & Khamsi, supra note 1, at 453 

(recognizing the catastrophic nature of certain economic crises). 
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that States must be held to their treaty obligations in order to facilitate international commerce, but 

acknowledging that threats to the State are more likely to come from the stock market than the 

battlefield. 

B. IMMINENT 

Beyond the definition of which interests constitute essential ones, the other interpretive 

struggle lies behind the words “grave and imminent.” While the gravity of a threat to essential 

interests is somewhat tied up in the definition of the word “essential” itself, the proper scope of 

imminence has other factors that must be taken into account. 

Long before the Argentine decisions were handed down, the judgment in Gabcikovo-

Nagymaros provided some guidance on the appropriate interpretation of imminence: 

“ . . . a state of necessity could not exist without a ‘peril’ duty established at the relevant 

point in time; the mere apprehension of a possible ‘peril’ could not suffice in that respect. 

It could moreover hardly be otherwise, when the ‘peril’ constituting the state of necessity 

has at the same time to be ‘grave’ and ‘imminent’. ‘Imminence’ is synonymous with 

‘immediacy’ or ‘proximity’ and goes far beyond the concept of ‘possibility’.”90 

This common sense reading was echoed by the ILC in the Draft Articles, where it stated that 

“extremely grave and imminent peril” “have been a threat to the interest at the actual time.”91  

However, the decision in Gabcikovo-Nagymaros went further than comparing imminence 

to immediacy. The Court found that the invocation of necessity was inappropriate because the 

feared environmental damages were not only long-term, but remained uncertain.92 The Court went 

on to suggest that it did “not exclude, in the view of the Court, that a ‘peril’ appearing in the long 

term might be held to be ‘imminent’ as soon as it is established, at the relevant point in time, that 

the realization of that peril, however far off it might be, is not thereby any less certain and 

inevitable.”93  

                                                      
90 Gabcikovo-Nagymaros, supra note 20, at §54. 
91 Report of the Comm’n to the Gen. Assembly on the work of its 32nd session, 1980 Y.B. Int’l L.  

Comm’, U.N. Doc. A/CN.4/SER.A/1980/Add.1 (Part 2), 49 ¶33. 
92 Gabcikovo-Nagymaros, supra note 20, at §56. 
93 Gabcikovo-Nagymaros, supra note 20, at §54. 
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Should this interpretation be accepted, it could, for instance, potentially open up the 

doctrine of necessity to States seeking to address the long-term but undeniable threat posed by 

climate change, even if doing so meant breaching its treaty obligations to other States.  

This expanded interpretation could have been used, for instance, by the U.S. government 

to defend against the recent suit filed by TransCanada, the oil company seeking to build the 

Keystone XL pipeline. TransCanada sued the Obama administration under NAFTA’s ISDS on the 

grounds of being denied fair and equitable treatment by the President’s denial of the project.94 

While it never seemed entirely likely that the suit would succeed, a broader interpretation of 

necessity would provide a stronger safeguard against claims such as this by encapsulating efforts 

to reduce greenhouse gas emissions like the Obama administration arguably did by rejecting 

TransCanada’s pipeline application. As indicated in the Gabcikovo-Nagymaros decision, 

imminence can include long-term threats, but in such cases there must be close to absolute 

certainty. 

This interpretation would be well-grounded in English common law traditions, since it 

employs the same logic as the court in Regina v Dudley & Stephens: both stress that imminence 

depends on something being inevitable more than immediate. With no reasonable likelihood that 

a deus ex machina will save the planet from climate change as the ship saved Dudley and Stephens 

from starvation, taking extreme measures to avoid a looming, unavoidable peril should be justified 

under any reasonable interpretation of necessity. 

C. “THE ONLY WAY” 

Finally, the stipulation in most agreements that the necessary measures be “the only way” 

to avert the grave and imminent peril has been criticized by some as far too restrictive. The state’s 

chosen measures: 

“…must definitely have been its only means of warding off the extremely grave and 

imminent peril which it apprehended; in other words, the peril must not have been 

escapable by any other means, even a more costly one, that could be adopted in compliance 

                                                      
94 See Nia Williams & Valerie Volcovici, TransCanada sues U.S. over Keystone XL pipeline 

rejection, REUTERS (Jan. 6, 2016, 6:07 PM), http://www.reuters.com/article/us-transcanada-

keystone-idUSKBN0UK2JG20160107.  
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with international obligations. Also, not just part but the whole of the conduct in question 

must have proved indispensable for preserving the essential interest threatened. Any 

conduct going beyond what is strictly necessary for this purpose will inevitably constitute 

a wrongful act per se, even if the excuse of necessity is admissible as regards the remainder 

of the conduct.”95 

Two of these factors appear overly restrictive: that “even a more costly” measure must be pursued 

if it is available, without any reference to how much a state can reasonably be expected to pay; and 

that “not just part but the whole of the conduct” must be “proved indispensable,” setting a very 

high bar for measures that are likely deeply interconnected with the other emergency steps taken. 

In particular, the decisions in CMS, Enron, and Sempra “have been regarded as problematic 

insofar as they indicate that ‘simply…show[ing] that a State could have taken steps other than the 

ones it chose…would seem to defeat any defence.’”96 Together these decisions show how invoking 

necessity to justify measures intended to protect a State’s economy, rather than its physical 

security, “is exceptionally difficult, if not impossible.”97 Even more than placing an 

insurmountable burden on a country suffering severe economic turmoil, these three decisions serve 

to confirm the criticisms of opponents who argue that the entire international investment regime 

is insensitive to the legitimate need for public regulation.98 

In fact, the Argentine cases taken as a whole show the peril of setting the bar too high for 

which measures constitute the only way to deal with a crisis. As stated above, the Tribunal in 

Enron summed the dilemma up succinctly by commenting that “a rather sad world comparative 

experience in the handling of economic crises, shows that there are always many approaches to 

                                                      
95 Report of the Comm’n to the Gen. Assembly on the work of its 32nd session, 1980 Y.B. Int’l L.  

Comm’, U.N. Doc. A/CN.4/SER.A/1980/Add.1 (Part 2), at ¶ 33. 
96 Tomka, supra note 52, at 489-90, referencing Andrea Bjorklund, Emergency Exceptions: State 

of Necessity and Force Majeure, in The Oxford Handbook of International Investment Law 

(Peter T. Muchlinski, Federico Ortino and Christopher Schreuer (eds), Oxford University Press, 

2008) at 484-85. 
97 Alvarez & Khamsi, supra note 2, at 453. 
98 Alvarez & Khamsi, supra note 2, at 382 (“Some deride those rulings as callous, one-sided 

failures to recognize the dire needs of the Argentine people during a ‘financial collapse of 

catastrophic proportions.’”). 
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address and correct such critical events, and it is difficult to justify that none of them were available 

in the Argentine case.”99  

This inherent difficulty in determining whether a certain measure was the only way to deal 

with a crisis, which by its nature was likely time-sensitive, shows that interpretations of the “only 

way” element of necessity will likely need to be far less restrictive than is currently common 

practice. Furthermore, it does not reflect the proper analysis as outlined by the ILC in the Draft 

Articles, which states that this requirement should show a “sufficiently substantial and not merely 

incidental or peripheral” contribution to the state of necessity.100 

IV. RECOMMENDATIONS 

A. BROAD INTERPRETATION OF WHICH INTERESTS ARE “ESSENTIAL” 

Adhering closer to Argentina’s preferred interpretation of when a breach is necessary could 

help with concerns over ISDS’ effect on sovereignty, the notion that it sets up a parallel legal 

system open only to a few, and private attacks on laws and regulations passed for public benefit in 

a non-discriminatory way.101 Something close to the Tribunal’s decision in CMS, but permitting 

breach of treaty obligations when it is needed “to prevent a major breakdown, with all its social 

and political implications,” would be ideal.102 

Alternatively, if investors worry about the effects a broadened interpretation of these 

provisions could have on them, they could instead follow the examples set by CETA and the TPP 

and include entirely separate necessity provisions in chapters relating to exceptions in order to 

cover certain economic crises.103 While the text of CETA and the TPP are not nearly exhaustive 

                                                      
99 Enron Corp. v. Argentine Republic, ICSID Case No. ARB/01/3, Award ¶308 (May 22, 2007), 

https://www.italaw.com/sites/default/files/case-documents/ita0293.pdf. 
100 See Draft Articles, supra note 4, art. 25 §20; see also Tomka, supra note 52, at 3. 
101 See Alvarez & Khamsi, supra note 2, at 384 (explaining how ISDS can be used to “compel 

governments to engage in protracted and expensive litigation to defend regulatory actions that 

often could not be challenged under national law…or under pre-existing international law”). 
102 CMS Transmission Co. v. Argentina, ICSID Case No. ARB/01/8, Award ¶ 319 (May 12, 

2005). 
103 CETA, supra note 36; TPP, supra note 11. 
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enough to cover all the economic crises that States may find themselves in, they provide a blueprint 

for an alternative to expanding the definition of necessity as it is currently written into BITs. 

C. ARBITRATING WHEN AN INTEREST IS ESSENTIAL 

 In cases of physical emergencies, such as wars and natural disasters, invoking necessity 

should stay entirely within the judgment of the breaching State. However, in order to avoid 

“disguised protection[s] of economic interests” that could result from abuse of a broader definition 

of essential interests, invoking necessity in cases like Argentina’s crisis must still be referred to a 

third-party arbitrator. Although it is imperative that States receive more flexibility in how they 

respond to economic crises, giving States complete discretion to invoke necessity in cases lacking 

physical emergencies will almost inevitably lead to abuse. States must be free to invoke necessity 

when dealing with economic crises, but in such cases the merits of the invocation cannot be 

decided by one of the Parties. 

C. CONTINUED PERFORMANCE OF DUTY 

If States have a broader right to invoke necessity, this must be paired with firm safeguards 

and limitations. In other words, once the circumstances that necessitated the invocation have 

passed, the invoking State must resume its duty of performance.104 If the right to invoke necessity 

is to be expanded, it must be paired with a robust interpretation of Articles 29 and 30 of the Draft 

Articles: a State can escape its duties for a time when necessary, but nothing can completely 

absolve it of those duties without the consent of the affected State.105 This includes the duty to pay 

compensation, a topic that was largely ignored by the Tribunals in the Argentina cases. 

D. TRANSPARENCY 

Invoking necessity to justify a treaty breach does not absolve the breaching Party of ever 

fulfilling its duties; rather, it is a temporary reprieve from the performance of such duties. Invoking 

necessity does not excuse the obligation of a state to compensate for any material loss incurred.106 

Furthermore, enhanced transparency through notification limits “the effects of discrimination 

against foreign investors on the basis of essential security interests.”  

                                                      
104 Draft Articles, supra note 4, at 88. 
105 Draft Articles, supra note 4, at 88. 
106 Draft Articles, supra note 4, at 85. 
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Essentially, if the right to invoke necessity is going to be broadened, then states have to be 

forewarned when their treaty partners are preparing to do so in order to provide them with the 

chance to respond accordingly. Contractual provisions always carry suspension clauses to be 

triggered before termination of the contract for the same reason. In order to enhance transparency 

states should adopt the OECD Council’s recommendations on the matter.107 While the adoption of 

these recommendations will not solve all the problems that will attend an expanded interpretation 

of when invocation of necessity is appropriate, it will nevertheless help states deal with the change 

in a constructive and effective way. 

V. CONCLUSION 

 ISDS mechanisms are increasingly standard in trade and investment agreements because 

they are necessary to facilitate the movement of capital between jurisdictions that have 

significantly different judicial systems and approaches to the rule of law. However, they run the 

risk of overwhelming governments’ abilities to legislate in the best interests of the public 

depending on the wording of the treaties that contain them.  

In order to counteract this, Tribunals charged with arbitrating claims under trade and 

investment agreements must begin to interpret the doctrine of necessity to include more than just 

fears over land wars and nuclear non-proliferation. If states are able to invoke necessity “to prevent 

a major breakdown, with all its social and political implications,” they will be far more immune to 

the kinds of lawsuits that critics of ISDS fear. 108  

Finally, a broader interpretation of necessity would enable countries like Greece to take 

measures needed to reduce the ability of extremist political movements like Golden Dawn from 

gaining power. The Argentine crisis made it clear that denying States the policy flexibility they 

need during times of severe economic turmoil, especially when the measures taken are non-

                                                      
107 OECD, Code of Liberalisation of Capital Movements; Promoting Orderly Capital Flows: The 

Approach of the Code, http://www.oecd.org/investment/investment-

policy/CapMovCodeBrochure.pdf (including by making sure that such measures are 

proportionate and narrowly tailored, attempts are made to find alternative measures that would 

not discriminate against the investor, and attempts are made to mitigate any resulting harm). 
108 CMS Transmission Co. v. Argentina, ICSID Case No. ARB/01/8, Award ¶319 (May 12, 

2005). 
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discriminatory, is not a sustainable way of enforcing investors’ rights. Ensuring that investors’ 

rights are respected without restricting governments from taking necessary measures in times of 

crisis is key in building support for critical free trade agreements, which in turn is critical for 

growth and prosperity in the 21st century. James Madison himself would see such means as 

justifiable in the pursuit of such ends.
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Cyberwarfare and International Humanitarian Law 

By: Zen Chang1 

I. INTRODUCTION 

The proliferation of cyber-attacks has shifted the paradigm of warfare. In May 2017, the 

world saw the first global cyber-attack where WannaCry2 ransomware affected thousands of 

civilian infrastructures (i.e. hospitals, transport services, energy services, etc.) in over a hundred 

nations.3 The WannaCry attack is the first instance where civilian lives were directly and 

intentionally endangered by a piece of malicious code.4 However, cyber-attacks transposing 

itself into the kinetic realm is not a new phenomenon. In July 2010, Iran’s nuclear facilities in 

Natanz was hit with the Stuxnet malware (“Operation Olympic Games”), which destroyed 

nuclear centrifuges and ultimately halted Iran’s nuclear ambitions.5 In the wake of WannaCry 

ransomware attack, calls have been made to codify a “Digital Geneva Convention.”6 Although 

                                                      
1 Master of International Law Candidate, Sydney Law School, University of Sydney; Bachelor of 

Laws (Hons), 2016, College of Law, Australian National University; Bachelor of International 

Relations, 2016, School of Politics and International Relations, Australian National University. 
2 Attribution is unknown at time of writing, though inconclusive evidence points to North Korea. 
3 Cyber-attack: Europol says it was unprecedented in scale, BBC NEWS (May 13, 2017), 

http://www.bbc.com/news/world-europe-39907965. 
4 Henry Bodkin et al., Government under pressure after NHS crippled in global cyber-attack as 

weekend of chaos loom, THE TELEGRAPH (13 May 

2017), http://www.telegraph.co.uk/news/2017/05/12/nhs-hit-major-cyber-attack-hackers-

demanding-ransom. 
5 Robert McMillan, Siemens: Stuxnet Worm Hit Industrial System, (Sept. 2014), COMPUTER 

WORLD, http://www.computerworld.com/article/2515570/network-security/siemens--stuxnet-

worm-hit-industrial-systems.html. 
6 Bruce Sterling, The Microsoft Digital Geneva Convention, WIRED (April 4, 2017, 3:15 

AM), https://www.wired.com/beyond-the-beyond/2017/04/microsoft-digital-geneva-convention/. 

http://www.telegraph.co.uk/news/2017/05/12/nhs-hit-major-cyber-attack-hackers-demanding-ransom
http://www.telegraph.co.uk/news/2017/05/12/nhs-hit-major-cyber-attack-hackers-demanding-ransom
https://www.wired.com/beyond-the-beyond/2017/04/microsoft-digital-geneva-convention/
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cyberwarfares are not regulated by any international humanitarian law7 (“IHL”) treaties, “their 

development and employment in armed conflict do not occur in a legal vacuum.”8 

This paper seeks to explore the interaction between cyberwarfare and IHL. Whilst “the legal 

principles [of IHL] applies to all forms of warfare [including] those of the future,”9 how it is to 

apply remains contentious and subject to debate. This paper will critically analyse how the legal 

parameters of IHL, lex lata, apply in times of cyberwar. The scope of this paper is restricted to jus 

in bello in international armed conflicts (“IAC”) (notwithstanding Section II.) Section II will argue 

how cyber-attacks are “armed conflict[s]” under Common Article 2 to the Geneva Conventions, 

to which IHL applies. Thereafter, how cyber-attacks are “attacks” under Additional Protocol I 

(“API”) for relevant IHL restrictions to apply. Sections III, IV and V will explore how the 

principles of distinction, proportionally, and direct participation in hostilities, respectively, should 

apply in cyberwar. In arguing the above notion, this paper will attempt to interpret relevant 

provisions in the Geneva Conventions and API in the context of cyberwarfare. This paper seeks to 

explore, and perhaps show, the nuances in cyber-IHL which military commanders, and military 

legal advisors, ought to take note.  

II. THE THRESHOLD OF “ARMED CONFLICT” AND “ATTACKS” IN CYBER 

OPERATIONS 

A. CYBER “ARMED CONFLICT” IN IAC  

The starting point is Article 2 common to all four Geneva Conventions which reads:  

“[T]he present Convention shall apply to all cases of declared war or of 

any other armed conflict which may arise between two or more of the High 

Contracting Parties, even if the state of war is not recognized by one of 

them.”10 

                                                      
7 Also known as Law of Armed Conflict. 
8 No Legal Vacuum in Cyber Space, INT’L COMM. OF THE RED CROSS (Aug. 16, 

2011), https://www.icrc.org/eng/resources/documents/interview/2011/cyber-warfare-interview-

2011-08-16.htm. 
9 Legality of the Threat or Use of Nuclear Weapons, Advisory Opinion, 1996 I.C.J. 226 (July 8). 

10  Geneva Convention for the Amelioration of the Condition of the Wounded and Sick in Armed 

Forces in the Field art. 2, Aug. 12, 1949, 75 U.N.T.S. 970 (emphasis added). 

https://www.icrc.org/eng/resources/documents/interview/2011/cyber-warfare-interview-2011-08-16.htm
https://www.icrc.org/eng/resources/documents/interview/2011/cyber-warfare-interview-2011-08-16.htm
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For an IAC to exist, the performing act must constitute an “armed conflict” under Common Article 

2 to the four Geneva Conventions.11 If the act does not amount to an “armed conflict which may 

arise between two or more of the High Contracting Parties”, there is no IAC, to which IHL does 

not apply. This sentiment was also echoed in Tadić, which notes that an “international armed 

conflict arises ‘whenever there is a resort to armed force between States.’”12 Prima facie, an 

“armed conflict” denotes some sort of kinetic force, however, in cyber operations, there is a lack 

of kinetic force. The main contention is whether kinetic force is a necessary condition precedent 

for an “armed conflict” to exist under IHL.  

What amounts to an “armed conflict” or “resort to armed force” is not defined in any IHL 

treaties,13 one has to look at the jurisprudence to tease out the definition of “armed conflict,” and 

if it covers the scope of cyberwarfare. Most scholars posit the view that if a cyber-attack is 

attributable to a State, and the cyber-attack has the same effects as would kinetic force, it would 

reach the threshold of an “armed conflict.”14 This view is consistent with Pictet’s commentary 

which adopts a broad view of the term “armed conflict” as “any difference arising between two 

States and leading to the intervention of armed forces is an armed conflict within the meaning of 

Article 2.”15 According to Pictet, the first shot fired (“first shot theory”) onto opposing forces is 

                                                      
11 Id.; see also NEW TECHNOLOGIES AND THE LAW OF ARMED CONFLICT, 80-81 (Robert 

McLaughlin  Hitoshi Nasu eds., 2014). 
12 Cordula Droege, Get Off My Cloud: Cyber Warfare, International Humanitarian Law, and the 

Protection of Civilians, 94 IRRC 533, 543 (2012) (quoting Prosecutor v. Tadić, Case No. IT-94-

1, Decision on the Defence Motion for Interlocutory Appeal on Jurisdiction, ¶ 70 (Int’l Crim. 

Trib. For the Former Yugoslavia Oct. 2, 1995)). 
13 Droege, supra note 12, at 543. 
14 See, e.g., Michael N. Schmitt, The Law of Cyber Targeting, in THE TALLINN PAPERS, at 4 

(NATO CCD COE, Tallinn Paper No. 7, 2015) [hereinafter Schmitt, The Law of Cyber 

Targeting]; William H. Boothby, Where Do Cyber Hostilities Fit in the International Law 

Maze?, in NEW TECHNOLOGIES AND THE LAW OF ARMED CONFLICT, at 215 (Robert McLaughlin 

& Hitoshi Nasu eds., T.M.C. Asser Press, 2013); Nils Melzer, Cyberwarfare and International 

Law, UNITED NATIONS INST. FOR DISARMAMENT RESEARCH, 23-25 

(2011), http://unidir.org/files/publications/pdfs/cyberwarfare-and-international-law-382.pdf.    
15 COMMENTARY ON THE GENEVA CONVENTION FOR THE AMELIORATION OF THE CONDITION OF 

THE WOUNDED AND SICK IN ARMED FORCES IN THE FIELD 32 (Jean S. Pictet ed., 1952).  

http://unidir.org/files/publications/pdfs/cyberwarfare-and-international-law-382.pdf
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sufficient to trigger an IAC. The Courts in Tadíc also adopts Pictet’s broad view.16 The 

International Committee of the Red Cross (“ICRC”) notes:  

“By using the words ‘from the outset’ the authors of the Convention 

wished to show that it became applicable as soon as the first acts of 

violence were committed, even if the armed struggle did not continue. […]. 

Mere frontier incidents may make the Convention applicable, […].”17  

With the lack of a de minimis level of intervention, it can be cogently argued that cyberwarfare 

falls within the scope of an “armed conflict,” insofar the cyber act produces the same outcome as 

would kinetic force. The Tallinn Manuel 2.0 also adopts this expansive view.18  

However, what if the computer attack falls short of the threshold to produce the same 

outcome as would kinetic force (which might lead to death and injury), and produce mere 

disruptions to affect the object’s functioning? Can the expansive interpretation of an “armed 

conflict” be trigged to account for disruptions? It is difficult to enquire this non liquet due to the 

lack of state practice.19 One has to take several approaches to answer this hypothetical.  

One approach is to consider if cyber acts that lead to mere disruptions of objects constitute 

as “armed conflict.”20 The object and purpose of IHL is to avoid legal lacunas in the protection of 

the civilian population (amongst other things) from the harmful effects of war.21 This is evident in 

the explicit absence of a “violence threshold” for the existence of an IAC to occur. By extension, 

this negative definition would favour an interpretation to account for cyber disruptions to trigger 

an “armed conflict.” Furthermore, including mere disruptions into the definition of an “armed 

conflict” would serve the purpose of the apparent denial of a de minimis level of intervention to 

                                                      
16 Tadíc, para.70. 
17 COMMENTARY ON THE FOURTH GENEVA CONVENTION RELATIVE TO THE PROTECTION OF CIVILIAN 

PERSONS IN TIME OF WAR 59 (Jean S Pictet ed., 1958).  
18 TALLINN MANUAL 2.0 ON THE INTERNATIONAL LAW APPLICABLE TO CYBER OPERATIONS 415-

416 (Michael N. Schmitt eds., 2017) [hereinafter Schmitt, Tallinn Manual 2.0]. 
19 Droege, supra note 12, at 541-552. 
20 See Schmitt, The Law of Cyber Targeting, supra note 14, at 6; Droege, supra note 12, at 541. 
21 Hans-Peter Gasser, International humanitarian law and the protection of war victims, ICRC 

(Nov. 30, 1998), https://www.icrc.org/eng/resources/documents/misc/57jm93.htm. 

https://www.icrc.org/eng/resources/documents/misc/57jm93.htm
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trigger an “armed conflict.”22 States would also be keen to adopt this view as a pre-emptive 

measure to protect their infrastructures from a cyber-attack. Without an “armed conflict,” the 

protective mechanisms in IHL will not apply,23 leading States to be more vulnerable in managing 

their critical infrastructures. This is inconsistent with the object and purpose of IHL.  

Another approach is to examine the “mens rea” requirement for an “armed conflict” to 

occur. Various literature has examined different major incidents between States that have not been 

treated as “armed conflict” despite meeting the necessary threshold requirements of an IAC (i.e. 

Dogger Bank Incident; USS Liberty Incident; USS Stark Incident).24 In contrast to minor incidents 

where States have asserted that “such situations and their consequences fell within the scope of 

the Geneva Conventions” (e.g. Iran Air Incident).25 The only difference between the two scenarios 

was based largely on the perceived intentions and threat assessments of the other party, an 

assessment which is often influenced by realpolitik. Melzer notes, “in the absence of a formal 

declaration of war, an IAC requires a minimal transgression, which expresses the belligerent intent 

of the acting state against another.”26 It can be deduced that what amounts to an “armed conflict” 

is really based on intent, rather than the factual circumstance. 

If the cyber-attack amounts to a Common Article 2 “armed conflict,” IHL applies. Once 

IHL applies, it is imperative to evaluate whether a cyber-operation is an “attack” within the 

meaning of Article 49(1) in API – to which relevant IHL restrictions (i.e. distinction, 

proportionality, precaution, etc.) apply.  

B. ARE CYBER-ATTACKS “ATTACKS”?  

                                                      
22 Droege, supra note 12, at 3.  
23 Benjamin Mueller, The Laws of War and Cyberspace: On the Need for A Treaty Concerning 

Cyber Conflict, STRATEGIC UPDATE (June 2014), 

http://www.lse.ac.uk/ideas/Assets/Documents/updates/LSE-IDEAS-The-Laws-of-War-and-

Cyberspace.pdf. 
24 HEATHER HARRISON DINNIS, CYBER WARFARE AND THE LAWS OF WAR 120 (2014).  
25 Id. at 121, (citing Int’l Rev. of the Red Cross, External Activities: September–October 1987, 

27(261) IRRC 650 (1987).  
26 NILES MELZER, TARGETED KILLING IN INTERNATIONAL LAW 250 (2008) [hereinafter Melzer, 

Targeted Killing].   
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“Attacks” are defined in Article 49(1) of API, which is customary law,27 as “acts of 

violence against the adversary, whether in offence or in defence.”28 It is an effect-based approach.29 

From the travaux préparatoires, “violence” means physical violence.30 Also, the Oxford English 

Dictionary defines “violence” as “behaviour involving physical force.”31 The ICRC takes the view 

of the travaux préparatoires that the term “attack” means “combat action,” which denotes a 

physical act.32 Hence “attacks” excludes dissemination of propaganda, embargoes, or other non-

physical means of warfare (e.g. psychological, economical, or political).33 However, the drafters 

of API (and the Geneva Conventions) could not have predicted the proliferation of cyber-

technology and its harmful effects. Fortunately, Article 36 of API provides the need to apply the 

rules, lex lata, to new “development, acquisition or adoption of a new weapon, means or method 

of warfare,”34 which may extend to cyber-weapons. 

Given that “attack” denotes physical force, cyber operations which result in a physical 

outcome (i.e. blowing up a nuclear plant with malware) would be an “attack” as it is an “act of 

violence” under Article 49(1) API.35 It is not the means of attack, but the consequence of the attack. 

For example, the use of biological, radiological, and chemical weapons would constitute an 

“attack” even though it lacks physical force.36 This “consequential harm” approach is also 

                                                      
27 Knut Dörmann, Applicability of the Additional Protocols to Computer Network Attacks, INT’L 

COMM. OF THE RED CROSS, 3 (2005), 

https://www.icrc.org/eng/assets/files/other/applicabilityofihltocna.pdf. 
28 Protocol Additional to the Geneva Conventions of 12 August 1949, and relating to the 

Protection of Victims of International Armed Conflicts (Protocol I) art. 49, June 8, 1977, 1125 

U.N.T.S. 3 [hereinafter API]. 
29 Melzer, Targeted Killing, supra note 26, at 23-25. 
30 See Final Record of the Diplomatic Conference of Geneva of 1949, Vol. II, Section A 

184 (1949) [hereinafter Final Record]. 
31 Violence, OXFORD DICTIONARY OF ENGLISH (3d ed. 2010). 
32 COMMENTARY ON THE ADDITIONAL PROTOCOLS OF 8 JUNE 1977 TO THE GENEVA CONVENTIONS 

OF 12 AUGUST 1949 ¶ 1880 (Yves Sandoz et al. eds., 1987) [hereinafter AP Commentary]. 
33 MICHEAL BOTHE ET AL, NEW RULES FOR VICTIMS OF ARMED CONFLICTS: COMMENTARY TO 

THE TWO 1977 PROTOCOLS ADDITIONAL TO THE GENEVA CONVENTIONS OF 1949 325 (2013); See 

also API, supra note 28, at art. 52(2). 
34 API, supra note 28, at art. 36. 
35 See Dinniss, supra, note 24, at 62-74; Dörmann, supra note 27, at 5-6. 
36 Schmitt, Tallinn Manual 2.0, supra note 18, at 415; see also Prosecutor v. Tadić, Case No. IT-

94-1, Decision on the Defense Motion for Interlocutory Appeal on Jurisdiction, ¶120-24 (Int’l 

Crim. Trib. For the Former Yugoslavia Oct. 2, 1995) (recognizing a general consensus in the 

https://www.icrc.org/eng/assets/files/other/applicabilityofihltocna.pdf
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supported by numerous articles of API; Article 51(1) states that “civilian population and individual 

civilians shall enjoy general protection against dangers arising from military operations”;37 Article 

51(5)(b) states “loss of civilian life, injury to civilians, damage to civilian objects, […].”38 These 

articles reflect how the drafters had the intention for the “consequential harm” approach to qualify 

as an “attack.”  

What if, the cyber operation does not produce any violent consequence, but mere 

disruptions and interference to the object without causing physical damage, does this constitute an 

“attack”? There are two legal lenses to examine this hypothetical.  

Schmitt adopts a narrow approach and posits that:  

“[a] cyber operation, like any other operation, is an attack when resulting 

in death or injury of individuals, whether civilians or combatants, or 

damage to or destruction of objects, whether military objectives or civilian 

objects.”39 

To Schmitt, “damage” only refers to physical damage,40 and cyber-attacks that do not result in any 

form of physical damage (cf. interruptions and inconvenience) does not constitute as “attack” 

insofar it does not cause human suffering or loss of lives.41 With respect, Schmitt’s narrow 

approach is too under-inclusive, it would be incongruous to posit that anything which falls short 

of “physical damage” is not damage at all. If the machine, or infrastructure, has lost its function to 

operate because of a cyber-attack due to cyber interference and/or disruptions, it is “damaged” to 

the extent that the purpose of the infrastructure has been hindered (i.e. WannaCry ransomware). 

An object does not need to be physically damaged to render it unusable. Schmitt’s approach would 

not be feasible during a cyber-attack given that data and information can always be restored (due 

                                                      

international community that using chemical weapons during an internal armed conflict is a 

prohibited attack). 
37 API, supra note 28, at art. 51(a). 
38 Id. at art. 51(5)(b). 
39 Michael N. Schmitt, Cyber Operations and the Jus in Bello: Key Issues, 87 INT’L LAW STUD. 

89, 94 (2011). 
40 Id at 95. 
41 Id. 
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to cloud computing); hence, there can really be no physical destruction of the object which leads 

to permanent loss of functionality or destruction. Thus, cyber-attacks which lead to disruptions 

and interference without physical damage or destruction falls within the corpus of Article 49(1) of 

API, even if the disruption is temporary. 

A broader interpretation is more appropriate;42 cyber-operations constitute “attacks” even 

if they do not lead to the destruction of objects.43 This view turns on the intent of the drafters of 

API, as shown in Article 52(2), which states that a military objective is one “whose total or partial 

destruction, capture or neutralization, […] offers a definite military advantage.”44 The term 

“neutralization” denotes that it would be “irrelevant whether an object is disabled through 

destruction or in any other way.”45 This shows that the drafters held the view that “attacks,” may 

not only lead to the destruction of objects, but may also lead to the loss of functioning without 

necessarily destroying it. Furthermore, by examining the travaux préparatoires of API, it was 

observed that the laying of mines constituted an “attack” “whenever a person is directly 

endangered by a mine laid.”46 Analogously, a single penetration of a piece of malicious code which 

does not necessarily meet the threshold of harm required for there to be “damage” or “destruction 

of object,” constitutes as an “attack” under API.  

Once an “attack” has occurred, the relevant restrictions in IHL apply. This will be discussed 

in the next few sections.  

III. DISTINCTION IN CYBERSPACE 

  The principle of distinction is set out in Article 48 of API, which reads:  

“[T]he Parties to the conflict shall at all times distinguish between the 

civilian population and combatants and between civilian objects and 

military objectives and accordingly shall direct their operations only 

                                                      
42 Dörmann argues for a broad approach. 
43 Dörmann, supra note 27, at 5.  
44 API, supra note 28, at art. 52(2). 
45 Dörmann, supra note 27, at 6. 
46 AP Commentary, supra note 32, at ¶ 1881, see also Final Record, supra note 30, at 443-44 

(discussing the impropriety of employing prisoners of war to remove laid mines). 
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against military objectives.”47 

Furthermore, the International Court of Justice in its Nuclear Weapons Advisory Opinion held that 

the principle of distinction is the “cardinal principle contained in the texts constituting the fabric 

of humanitarian law.”48 Article 48 of API is customary international law.49 Reading Article 48 

literally, attacks may only be directed against military objectives; hence, vis-à-vis the cyber-sphere, 

attacks which are directed at civilian cyber infrastructures would amount to a breach of Article 48. 

Conversely, a “lawful” cyber-attack is one which only attacks military cyber infrastructures which 

would confer a “definite military advantage.”50 Given the distinction between civilian and military 

cyber infrastructure is not as distinct as traditional infrastructures of war, one has to tease out the 

legality of cyber distinction. This paper will examine the notion of “military objective” as noted 

in Article 48 of API, and examine how the principle of distinction applies in an interconnected 

cyber space. 

  Under IHL, civilian objects are all objects that are not military objectives.51 Military 

objectives are defined in Article 52(2) of API, which reads:  

“[…], military objectives are limited to those objects which by their nature, 

location, purpose or use make an effective contribution to military action 

and whose total or partial destruction, capture or neutralization, in the 

circumstances ruling at the time, offers a definite military advantage.”52 

Pursuant to Article 52(3), “object which is normally dedicated to civilian purposes, […], is being 

used to make an effective contribution to military action, it shall be presumed not to be so used.”53 

Unfortunately, most cyber infrastructures are dual-use – they have both a civilian and military 

                                                      
47 API, supra note 28, at art. 48. 
48 Nuclear Weapons, Advisory Opinion, 1996 I.C.J. 256 (July8). 
49 JEAN-MARIE HENCKAERTS ET AL., CUSTOMARY INTERNATIONAL HUMANITARIAN LAW 

VOLUME I: RULES, at 4 (Cambridge University Press, 2009). 
50 API, supra note 28, at art. 52(2). 
51 Id. at art. 52(1). 
52 Id. at art. 52(2). 
53 Id. at art. 52(3). 
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function.54 Data centres, for example, which are primarily used for civilians to store information 

(i.e. on the cloud computing), will inevitably carry with it military data and information. Under 

IHL, this makes the said civilian data centre a military objective, a legitimate target of attack.55 

Under Article 52(2) of API, the moment that civilian data centre (or any civilian cyber 

infrastructure) is used for a military action, it loses its civilian status and becomes a military 

objective in its entirety.56 It is noted that 98% of US owned military data are stored in civilian data 

centres around the world.57 Hence, by virtue of Article 52(2), a majority of the data centres around 

the world are legitimate military objectives. What adds to this complexity is the “purpose” criterion 

in Article 52(2). The ICRC notes that “the criterion of “purpose” is concerned with the intended 

future use of an object”;58 if the object was intended to be used militarily in the future, “they 

become military objectives.”59 As also noted by the Air and Missile Warfare Manual (“AMW 

Manual”), “[t]he purpose criterion recognizes that an attacker need not wait until [a civilian] object 

is actually used for military ends before being allowed to attack it as a military objective.”60 

Technically, all civilian data centres (and civilian cyber infrastructures) around the world would 

satisfy this “purpose” criterion and become legitimate military objectives. This problem was 

examined in the Tallinn Manual 2.0 (though no common consensus has been reached), which notes 

that “it may be impossible to know over which part of the network military transmissions, as 

distinct from civilian ones, will pass. In such cases, the entire network… qualifies as a military 

objective.”61 This would essentially lead to a global cyber war.  

  A narrower interpretation of “military objectives” needs to be adopted which will alleviate 

                                                      
54 Robin Geiß & Henning Lahmann, Cyber Warfare: Applying the Principle of Distinction in an 

Interconnected Space, 45(3) Israel L. Rev. 381, 383 (2012). 
55Henckaerts, supra note 49, at 29-32 & 175-182 (acknowledging that the Additional Protocol I 

states that military objectives are limited to those objects that contribute to military action, and 

that destruction of public property pursuant to imperative military necessity is allowable). 
56 Id.; AP Commentary, supra note 32, at ¶ 2020-23. 
57 Eric T. Jensen, Cyber Warfare and Precautions against Effects of Attacks, 88 TEX. L. REV. 

1533, 1542 (2010) [hereinafter Jensen, Cyber Warfare and Precautions]. 
58 AP Commentary, supra note 32, at ¶ 2022. 
59 Jensen, Cyber Warfare and Precautions, supra note 57, at ¶ 2022. 
60 THE PROGRAM ON HUMANITARIAN POLICY AND CONFLICT RESEARCH AT HARVARD UNIV., 

HPCR MANUAL ON INTERNATIONAL LAW APPLICABLE TO AIR AND MISSILE WARFARE 117 

(2013) [hereinafter AMW Commentary]. 
61  Schmitt, Tallinn Manual 2.0, supra note 18, at 446. 
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the complexities of distinction vis-à-vis cyber-sphere, and aim to distinguish between civilian and 

military cyber objects.62 Unfortunately, States and legal scholars have been expanding the 

definition of “military objectives”; this was most evident in Operation Enduring Freedom where 

the United States expanded the definition to include “war-sustaining” objects,63 and the 

Commentary on the AMW Manual which drastically expanded “military objectives” to include a 

“temporal” element (“temporary military objectives by nature”).64 A new and narrower approach 

has to be adopted for cyber-distinction.65 This paper will seek recourse to Articles 56 and 58 of 

API as new interpretations for “military objectives.” 

The entire scope of Article 56 delegitimizes “military objectives,” that they “shall not be 

made the object of attack, […], if such attack may cause the release of dangerous forces and 

consequent severe losses among the civilian population.”66 Analogous to cyber-space, major cyber 

infrastructures which civilians heavily rely on should not be made the object of attack even if it is 

a “military objective.” Though, it might, or might not, lead to “severe losses among the civilian 

population,” the effects of a global-outage of dual-use civilian cyber infrastructures would be to 

that effect – that the destruction or neutralization of civilian cyber infrastructures would result in 

significant civilian impact which would outweigh any military benefits.67 To argue otherwise 

would be against the object and purpose of IHL, which aims to balance between military necessity 

and humanity. Hence, to include dual-use civilian cyber objects within the ambit of “military 

objective” would not be a feasible option as doing so will give preference to military necessity 

over humanity. That is not to say that every civilian cyber object should not be made the target of 

attack, doing so will also give preference to humanity over military necessity (and getting State 

consensus over this narrow interpretation will be tenuous). Article 56(2) gives guidance as to when 

the “special protection against attack provided by paragraph 1 shall cease.”68 The ICRC 

                                                      
62  See also Geiß & Lahmann, supra note 54, at 390. 
63 U.S. Naval War College, Annotated Supplement to The Commander’s Handbook on the Law 

of Naval Operations, 73 Int’l L. Studies, ¶ 8.1.1 (A.R. Thomas & James C. Duncan eds., 1999) 

[hereinafter The Commander’s Handbook]. 
64 AMW Commentary, supra note 60, at 109. 
65 Geiß & Lahmann, supra note 54, at 381.  
66 API, supra note 28, at art. 56.  
67 Geiß & Lahmann, supra note 54, at 381, 391. 
68 API, supra note 28, at art. 56(2). 
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Commentary of Paragraph 2 notes that “the decision to deprive them of protection can only 

be taken at a high military level.”69 Likewise, any operations directed against a dual-use cyber 

infrastructure must be instructed by the highest military command (notwithstanding the 

proportionality principle). Also, Article 56(6) outlines, albeit idealistic, instructions for all “High 

Contracting Parties and the Parties to the conflict […] to conclude further agreements among 

themselves to provide additional protection for objects containing dangerous forces.”70  

Article 58 of API provides the need to segregate “civilian objects […] from the vicinity of 

military objectives.”71 The same can be said for cyber infrastructures. All States shall endeavour 

to segregate military cyber infrastructures from civilian cyber infrastructures. This approach (albeit 

idealistic) is the best way to distinguish between civilian and military cyber objects. Within Article 

58(a) (which reflects customary law),72 is the “sense of duty”73 and imposition for States to keep 

civilian and military cyber objects separated “to the maximum extent feasible.”74 The question 

therein is, how feasible is it to conduct large-scale segregation of civilian and military cyber 

objects? According to Droege, “[w]hile it might theoretically be feasible to do this, it would be so 

[…] costly.”75 States who have the available means to conduct large scale segregation should 

endeavour to do so. Failing which would breach the customary rule in Article 58(a). Furthermore, 

Article 58(c) lays out the obligation to “take the other necessary precautions to protect the civilian 

population, individual civilians and civilian objects under their control against the dangers 

resulting from military operations.”76 This can include guarding civilian property.77 It may be 

cogently argued that states, vis-à-vis cyber sphere, “to the maximum extent feasible,” will be 

obligated to ensure continuing cyber functionality despite a cyber attack insofar that cyber 

infrastructure is crucial for the civilian population.78 

                                                      
69 AP Commentary, supra note 32, at ¶ 2159. 
70 API, supra note 28, at art. 56(6). 
71 Id. at art. 58.  
72 See Henckaerts, supra note 49, at 74. 
73 AP Commentary, supra note 32, at ¶ 2247. 
74 API, supra note 28, at art. 58. 
75 Droege, supra note 12, at 575. 
76 API, supra note 28, at art. 58(c). 
77 Henckaerts, supra note 49, at 70. 
78 Geiß & Lahmann, supra note 54, at 395. 
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A narrower approach should be adopted when interpreting “military objectives” vis-à-vis 

cyber space.79 This approach would be the first step in which States are able to “direct their 

operations only against military objectives”80 in cyberspace.  

IV. PROPORTIONALITY IN CYBER SPACE 

The principle of proportionality is one of the most contentious areas in IHL due to 

unavoidable civilian deaths, or destruction to civilian objects, as collateral damage in times of an 

armed conflict.81 The application of the proportionality principle is mostly settled when it comes 

to traditional kinetic warfare;82 the same cannot be said for cyber operations. Given the dual-use 

nature of most cyber infrastructures, the principle of proportionality is paramount in protecting 

civilians and civilian objects in the cyber domain. The proportionality principle is found in Article 

51(5)(b) of API, which also reflects customary international law applicable in both IACs and 

NIACs.83 Under Article 51(5)(b), an attack is prohibited if it “may be expected to cause incidental 

loss of civilian life, injury to civilians, damage to civilian objects, or a combination thereof, which 

would be excessive in relation to the concrete and direct military advantage anticipated.”84  

As mentioned before, civilians can never be made the object of attack.85 However, the 

principle of proportionality is an “exception” insofar that civilians, though not an object of attack, 

are collateral damages as a result of a lawful attack. For a lawful attack to occur, the commander 

must determine that the death, injury, and damage are not “excessive in relation to the concrete 

and direct military advantage anticipated.”86 There has been universal acceptance that the 

proportionality principle applies to cyber conflicts that constitute attacks,87 but how it is to be 

applied remains contentious. For cyber operations that utilize the proportionality principle, two 

                                                      
79 See Dinniss, supra, note 24.  
80 API, supra note 28, at art. 48. 
81 GARY D. SOLIS, THE LAW OF ARMED CONFLICT: INTERNATIONAL HUMANITARIAN LAW IN WAR 

272 (2d ed. 2016).  
82 Eric T. Jensen, Cyber Attacks: Proportionality and Precautions in Attack, 89 Int'l L. Stud. 198, 

205-206 (2013) [hereinafter Jensen, Cyber Attacks].  
83 Droege, supra note 12, at 554. 
84 API, supra note 28, at art. (51(5)(b). 
85 Id. at art. 52(1). 
86 Id. at art. (51(5)(b). 
87 Droege, supra note 12, at 554. 
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major elements of the principle deserve a more nuanced understanding and approach: the “damage 

to civilian objects” threshold in Article 51(5)(b); and the issue of indirect effects. 

A. THRESHOLD OF “DAMAGE TO CIVILIAN OBJECTS” 

The “damage” element has been discussed in Section I, however, that is in the context of 

“attacks” under Article 49(1) of API. “Damage” in Article 51(5)(b) requires a different 

appreciation and understanding, though some overlapping principles might apply.  

While there is no doubt, that the advent of technological advances might eventually result 

in “incidental loss of civilian life [and] injury to civilians”88 vis-à-vis cyberwarfare, most reported 

cyber operations only result in “damage to civilian objects”89 (i.e. WannaCry, Stuxnet, Flame, 

NetTraveler, etc.). It is therefore imperative to interpret the “damage” element required for 

commanders to factor into their proportionality analysis when conducting cyber operations. Does 

the mere penetration of a cyber payload into dual-use civilian cyber infrastructure constitute 

“damage”? As discussed in Section I, analogizing from a kinetic attack, if what occurs from a 

cyber operation results in the same effect as would a kinetic attack, then “damage” has occurred. 

Commanders (and States) would feel comfortable with this interpretation as applying the 

proportionality principle in cyberwarfare would be no different to kinetic warfare.  

However, many of the reported cyber-operations have not resulted in the same effects as 

would kinetic force. In fact, almost all of the reported cyber-operations involve only mere 

modifications of cyber codes into civilian infrastructures.90 For example, the Stuxnet cyber incident 

involves a single penetration of the payload via a USB thumb-drive into Iranian’s digital servers, 

which then went on to modify certain programmable logic controllers which resulted in the 

destruction of nuclear centrifuges.91 Would the modification of the programmable logic controllers 

                                                      
88 API, supra note 28, at art. 51(5)(b). 
89 Id. 
90 Dan-Iulian Voitasec, Applying International Humanitarian Law to Cyber-Attacks 22(1) Lex 

ET Scientia Int'l. J. 124-131 (2015); See generally Boothby, supra note 14 (discussing different 

definitions of cyber attacks).    

91 Robert McMillan, Siemens: Stuxnet worm hit industrial systems, COMPUTERWORLD (Sept. 14, 

2010, 2:17 PM), http://www.computerworld.com/article/2515570/network-security/siemens--

stuxnet-worm-hit-industrial-systems.html. 

http://www.computerworld.com/article/2515570/network-security/siemens--stuxnet-worm-hit-industrial-systems.html
http://www.computerworld.com/article/2515570/network-security/siemens--stuxnet-worm-hit-industrial-systems.html
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by the Stuxnet malware amount to “damage to civilian objects” (even if, hypothetically, it does not 

result in the destruction of nuclear centrifuges)? The kinetic analogy approach would limit almost 

all of the reported cyber operations from the proportionality analysis since “damage to civilian 

objects” in Article 51(5)(b) is a high threshold test.92 

Conversely, some scholars have argued that a mere change or modification in digital codes 

in a cyber infrastructure would amount to “damage” under the proportionality principle.93 This 

approach would require military commanders to consider any, and every, effects on a cyber 

infrastructure in his/her proportionality analysis.94 With respect, this approach is wrong. It fails to 

understand the fundamentals of the principle of proportionality. The proportionality principle 

recognizes that collateral damage to civilians and/or civilian objects may occur,95 and setting such 

low a threshold for “damage” to account for penetrations and modifications of digital codes would 

be extremely excessive. This approach also adds more burden on military commanders having to 

take into account every aspect of a cyber operation, and whether the cyber operation would 

alter/modify a single piece of digital code. Furthermore, not all military commanders are versed in 

computer science to understand the intricacies of computer systems under their proportionality 

analysis.  

As a corollary to Section 1, this paper takes the view that “damage” encompasses serious 

interruptions in functionality insofar that “damage” has occurred if the act impairs or hinders the 

intended function of the object. In Operation Olympic Games, the penetration of the Stuxnet 

malware which modified the programmable logic controller to the extent that its function to 

regulate nuclear centrifuges has been impaired,96 constitutes as “damage to civilian objects” in the 

proportionality calculus. Thus, military commanders of Operation Olympic Games should factor 

potential loss of functionally of civilian objects into their proportionality calculus before launching 

the Stuxnet attack. If the functionality approach were to be adopted in cyber conflicts, the 

traditional kinetic approach would be of limited value. The functionality approach should be the 

                                                      
92 Jensen, Cyber Attacks, supra note 82, at 204-207. 
93 WALTER G. SHARP, SR., CYBERSPACE AND THE USE OF FORCE 102 (1999). 
94 Jensen, Cyber Attacks, supra note 82, at 204-207. 
95 Jensen, Cyber Attacks, supra note 82, at 208. 

96 McMillan, supra note 91.  
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preferred approach when dealing with the proportionality principle as it is neither too broad (i.e. 

kinetic approach), nor too narrow (i.e. mere change or modification approach).97 Also, the 

functionality approach is consistent with the general principles of IHL as already discussed in 

Section I. By focusing on functionality, commanders are able to understand and apply the 

proportionality principle during a cyber conflict.  

B. INDIRECT EFFECTS  

The issue of whether indirect effects of an attack should be factored into the proportionality 

calculus is contentious under IHL given multiple positions put forth by States.98 Indirect effects 

are “the delayed and/or displaced second-, third-, and higher-order consequences of action, created 

through intermediate events or mechanisms.”99 There has been differing State practice on this 

issue. The United States takes the view that “remote harms resulting from the attack do not need 

to be considered in a proportionality analysis,”100 while the United Kingdom maintains that “regard 

must also be had to the foreseeable effects of the attack.”101 “In any event, there is no dispute that 

indirect effects cannot be taken into account if they are too remote or cannot be reasonably 

foreseen.”102 This notion was also echoed by the ICTY Trial Chamber in Galić.103  

As Greenwood notes, the Gulf War of the 1990s highlighted the fact that indirect effects 

cause more harm to civilians than the direct effects of the attack itself.104 In cyberwarfare, indirect 

effect includes damage that was beyond the scope of the intended attack, but results from that 

attack.105 Unfortunately, most cyber infrastructures are dual-use infrastructures, and the effects of 

                                                      
97 See also Jensen, Cyber Attacks, supra note 82, at 208. 
98 Eric Boylan, Applying the law of Proportionality to Cyber Conflict: Suggestions for 

Practitioners, 50 VAND. J. TRANSNAT'L L. 217, 234-35 (2017).   
99 JOINT CHIEFS OF STAFF, JOINT PUB. 3-60, JOINT TARGETING I-10 (13 Apr. 2017). 
100 DEP’T OF DEF., LAW OF WAR MANUAL 242 (June 2015) [hereinafter US DOD LOAC 

Manual].  
101 MINISTRY OF DEFENCE, THE JOINT SERVICE MANUAL OF THE LAW OF ARMED CONFLICT, ¶ 

5.33.4, (UK) [hereinafter UK MOD LOAC Manual]. 
102 AMW Commentary, supra note 60, at 97. 
103 Prosecutor v. Galić, Case No. IT-98-29-A, Judgment, ¶58 (Int’l Crim. Trib. For the Former 

Yugoslavia Nov. 30, 2006).  
104 Christopher Greenwood, The Law of Weaponry at the Start of the New Millennium, in THE 

LAW OF ARMED CONFLICT: INTO THE NEXT MILLENNIUM 185, 202 (Michael N. Schmitt & Leslie 

C. Green eds., 1998). 
105 Jensen, Cyber Attacks, supra note 82, at 207.  
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a cyber-attack might lead to detrimental indirect effects. This was most evident in Operation 

Olympic Games when the Stuxnet malware affected multiple civilian infrastructures (i.e. banks) 

outside of Iran.106 Whilst there are differing views as to whether indirect effects should be factored 

into the proportionality calculus in kinetic warfare, with regards to cyberwarfare, this paper 

believes that it should. 

This indirect effect factor is consistent with the words “may be expected to cause” in Article 

51(5)(b) of API. Schmitt argues that indirect effects which are reasonably foreseeable, no matter 

the “tier” of effects, must be factored into the proportionality calculus as it is consistent with the 

wording of “may be expected.”107 Conversely, indirect effects which are not expected to be 

excessive are excluded from the proportionally calculus. The military commander must have 

reasonably expected what the indirect effects to be, given the information he/she had at the time 

of the operation.108 Surprisingly, despite the United States’ position on the “indirect effect” factor, 

considerations of “indirect effects” prevailed in a cyber-operation during the 2003 Iraq War, where 

the United States called off a cyber-operation to disable Saddam Hussein’s financial accounts as 

the attacks may potentially effect European banking systems and have negative repercussions on 

the financial markets in Europe.109 

V. DIRECT PARTICIPATION IN CYBER HOSTILITIES 

Direct participation in hostilities (“DPH”) is highly problematic for IHL due to the complex 

nature of the topic, and absent universal acceptance by States and legal scholars as to what amounts 

to DPH.110 Determining DPH in traditional warfare is complex, “this is a fortiori the case when it 

                                                      
106 Vincent Manzo, Stuxnet and the Dangers of Cyberwar, THE NATIONAL INTEREST (Jan. 29, 

2013), http://nationalinterest.org/commentary/stuxnet-the-dangers-cyberwar-8030. 
107 See MICHAEL N. SCHMITT, ESSAYS ON LAW AND WAR AT THE FAULT LINES 296 (2014); 

Schmitt, The Law of Cyber Targeting, supra note 14, at 19-20; see also AP Commentary, 

supra note 32, at ¶ 1945.  
108 Prosecutor v. Galić, Case No. IT-98-29-A, Judgment, ¶58 (Int’l Crim. Trib. For the Former 

Yugoslavia Nov. 30, 2006). 
109 John Markoff & Thom Shanker, Halted ’03 Iraq Plan Illustrates U.S. Fear of Cyberwar Risk, 

N.Y. TIMES, Aug. 1, 2009, http://www.nytimes.com/2009/08/02/us/politics/02cyber.html. 

110 See, e.g., Emily Crawford, Virtual Battlegrounds: Direct Participation in Cyber Warfare, 

SYDNEY LAW SCHOOL RESEARCH PAPER NO. 12/10, 2 (2012). 
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comes to cyberwarfare.”111 As a general principle, DPH denotes that civilians are not to be made 

the target of attack, “unless and for such a time as they take a direct part in hostilities.”112 The rule 

on non-combat immunity applies insofar as civilians do not take direct participation in hostilities. 

This principle is reflected in Article 51(3) of API, which is a “valuable reaffirmation of an existing 

rule of customary international law.”113 When debating the legal parameters of Article 51 of API, 

no precise definition of DPH was universally adopted by States.114 The Commentary to the 

Additional Protocols notes broadly that, “the immunity afforded individual civilians is subject to 

an overriding condition, namely, on their abstaining from all hostile acts.”115 With the lack of a 

universally accepted definition of DPH, the ICRC began a six-year study into the concept of DPH. 

The Interpretive Guidance on the Notion of Direct Participation in Hostilities 2009 (“Interpretive 

Guidance”)116 serves as a good starting point. Despite not being legally binding, the Interpretive 

Guidance may be considered a useful subsidy source of international law.117 Furthermore, military 

manuals have acknowledged that the “recommendations and approaches [in the Interpretive 

Guidance] are helpful,”118 though some States “has not accepted significant parts of the ICRC’s 

interpretive guidance as accurately reflecting customary international law.”119 With the lack of 

universal State acceptance, one can only theorize lex ferenda, how the Interpretive Guidance 

should apply vis-à-vis cyberwarfare.  

 

                                                      
111 David Turns, Cyber Warfare and the Notion of Direct Participation in Hostilities, 17 J. 

CONFLICT & SEC. L. 279, 285 (2012). 
112 API, supra note 28, at art. 51(3); Protocol Additional to the Geneva Conventions of 12 

August 1949, and relating to the Protection of Victims of Non-International Armed Conflicts 

(Protocol II) art. 13(3), June 8, 1977, 1125 U.N.T.S. 609. 
113 See also Crawford, supra note 110, at 6 (citing Rome Statue of the International Criminal 

Court art 8(2)(b)(i), (e)(i), July 17, 1998, 2187 U.N.T.S. 38544). 
114 Crawford, supra note 110, at 7. 
115 AP Commentary, supra note 32, at ¶ 1942. 
116 NILS MELZER, INT’L COMMITTEE OF THE RED CROSS, INTERPRETIVE GUIDANCE ON THE 

NOTION OF DIRECT PARTICIPATION IN HOSTILITIES UNDER INTERNATIONAL HUMANITARIAN LAW 

(2008) [hereinafter Interpretive Guidance]. 
117 Statute of the International Court of Justice, art 38, ¶ 1(d). 
118 Germany, Bundesministerium der Verteidigung, Law of Armed Conflict Manual, Joint 

Service Regulation (ZDv) 15/2, ¶ 131 (2013). 
119 US DOD LOAC Manual, supra note 100, at ¶ 5.9.1.2.  
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The Interpretive Guidance notes that DPH shall be defined as a specific act that meets three 

cumulative elements (Overall-Test):  

“(1) the act must be likely to adversely affect the military operations or 

military capacity of a party to an armed conflict or, alternatively, to inflict 

death, injury, or destruction on persons or objects protected against direct 

attack (threshold of harm), and;  

(2) there must be a direct causal link between the act and the harm likely 

to result either from that act, or from a coordinated military operation of 

which that act constitutes an integral part (direct causation), and;  

(3) the act must be specifically designed to directly cause the required 

threshold of harm in support of a party to the conflict and to the detriment 

of another (belligerent nexus).”120 

With regards to “Temporal Scope of the Loss of Protection,”121 the Interpretive Guidance adopts 

the approach in the Commentary to the Additional Protocols that civilians who take a direct part 

in hostilities will forfeit their civilian immunity for the duration of each act of direct participation 

(revolving-door approach);122 this includes “measures preparatory to the execution of a specific 

act of DPH, as well as the deployment to and the return from the location of its execution, constitute 

an integral part of the act.”123 For the purposes of this paper, this Section will not discuss the 

temporal elements in cyber DPH.  

As noted by the Israeli Court in Targeted Killings, “it is possible to take part in hostilities 

without using weapons at all.”124 Cyber-attacks were discussed in the Interpretive Guidance, 

which notes that “electronic interference with military computer network could […] suffice [as 

DPH].”125 It remains uncertain as to how the ICRC’s “Overall-Test” applies in cases of 

                                                      
120 Interpretive Guidance, supra note 116, at 46. 
121 Id. at 70. 
122 Id. at 74-77. 
123 Id. at 69. 
124 HCJ 769/02 The Public Committee against Torture in Israel v. The Government of Israel 

[2006] (Isr.). 
125 Interpretive Guidance, supra note 116, at 48. 
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cyberwarfare, this Section will attempt to interpret ICRC’s “Overall-Test” within the context of 

cyberwarfare. 

A. THRESHOLD OF HARM  

1. “likely to adversely affect the military operations or military capacity of a party to an 

armed conflict” 

Generally, the “military harm” required is explained broadly as including “essentially any 

consequence adversely affecting the military operations or military capacity of a party to the 

conflict.”126 Having regard to cyberwarfare, the Interpretive Guidance states that “electronic 

interference with military computer networks could also suffice”127 to reach the required threshold 

of harm. However, the Interpretive Guidance also notes that “the manipulation of computer 

networks […] may have serious impact on public security, health, and commerce, […] However, 

they would not, in the absence of adverse military effects, […] qualify as DPH.”128 This turns on 

whether the electronic interference and/or manipulation results in “adverse military effects,” 

without which would not trigger the first part of the “threshold of harm” element. To amount to 

“adverse military effects,” military operations must be affected.129 This is consistent with the 

requirements in Article 51(2) of API which defines “military objectives.”130 Objects which do not 

contribute militarily, or grant the adversary a military advantage, fail to qualify. Echoing the 

sentiments in the Interpretive Guidance, psychological, political or economic advantage or 

contributions, fail to suffice.131 Using this definition, if a cyber operation does not amount to 

“adverse military effect[s],” reading consistently with Article 52(2) API, harm has not occurred.  

2. “to inflict death, injury, or destruction” 

Turning to the alternative part of the “threshold of harm” element, reading literally, if the 

“harm” amounts to only mere disruptions, it would not meet the threshold required as it would not 

                                                      
126 Report Direct Participation in Hostilities 2005, pp. 22 f., 31 cited in Interpretive Guidance, 

47. 
127 Interpretive Guidance, supra note 116, at 48. 
128 Interpretive Guidance, supra note 116, at 50. 
129 Id. at 47. 
130 Michael N. Schmitt, Deconstructing Direct Participation in Hostilities: The Constitutive 

Elements, 42 N.Y.U. J. INT’L L. & POL. 697, 713-724 (2010). 

131 Interpretive Guidance, supra note 116, at 46-49. 
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have inflicted “death, injury, or destruction.” This high threshold is consistent with the purpose of 

Article 51(3) API (albeit broader in scope than the commentary in Article 51(3)), which gives 

weight to civilian protection immunity. It is important to note that the threshold of “harm” required, 

in the context of DPH, is higher than the threshold of “consequential harm” (low-threshold which 

accounts for disruptions) in the context of “attacks” in Article 49(1) API (discussed in Section I). 

Though there is a distinction between the level of “harm” required to trigger the respective 

thresholds, both are aimed at protecting civilians from the harmful effects of war. As noted in the 

Interpretive Guidance, “the manipulation of computer networks […] will not qualify as DPH.”132 

It is clear that mere cyber disruptions would not reach the required “threshold of harm.”133 If, for 

example, the cyber operation results in “death, injury, or destruction,” the “threshold of harm” 

element is triggered, and DPH has occurred, subject to the second and third elements of the overall-

test.  

B. DIRECT CAUSATION 

Unlike the “threshold of harm” criterion, “direct causation” element is subject to numerous 

debates and conflicting literature expressing differing opinions.134 The Interpretive Guidance 

states that “direct causation should be understood as meaning that the harm in question must be 

brought about in one causal step […].”135 The ICRC’s approach has serious limitations to the cyber 

domain as most cyber-attacks will be indirect in effect, which is outside the scope of “one causal 

step.” As noted in a National Research Council Report, “the desired effects of a cyber-attack are 

almost always indirect, which means that what are normally secondary effects are in fact of central 

importance.”136 The Interpretive Guidance indicates that indirect effects would not fall within the 

ambit of “one causal step,” and the harm required must be objectively likely.137 In a cyber-

                                                      
132 Id. at 50. 
133 See Collin Allan, Direct Participation in Hostilities from Cyberspace, 54 VA. J. INT’L L. 173, 

180 (2013). 
134 Schmitt, Deconstructing Direct Participation in Hostilities, supra note 130, at 725-35. 
135 Interpretive Guidance, supra note 116, at 53. 
136 Turns, supra note 111, at 288 (citing WILLIAM A. OWENS ET AL., TECHNOLOGY, POLICY, LAW, 

AND ETHICS REGARDING U.S. ACQUISITION AND USE OF CYBERATTACK CAPABILITIES 127 

(William A. Owens et al. eds., 2009)). 
137 Interpretive Guidance, supra note 116, at 58. 
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operation, the harm intended (and unintended) are likely to occur over several causal steps.138 For 

example, in Operation Olympic Games, the harm was brought about over three broad steps; 

penetration, exploitation, and modification.139 The single act of penetrating the infected USB 

thumb drive does not, in and of itself, cause direct harm to the system. Furthermore, the Stuxnet 

malware was routed through several data-streams and compromised computer networks before 

delivering the inflected payload into the programmable logic controller.140 This is too far removed 

from “one causal step” to constitute DPH. In such a circumstance, it remains unclear if 

cyberwarfare could meet the requirements of direct causation for DPH to occur. This would mean 

civilians could engage in cyber DPH without impunity.  

Schmitt argues for a “but for” standard in his deconstruction of the constitutive elements.141 

However, Schmitt’s approach is too broad; it would extend participation to almost every civilian 

who has made a causal contribution. Hypothetically, it would be unreasonable to target the cab-

driver who drove the passenger(s) carrying the infected thumb-drive to the Nuclear facility in 

Natanz, as “but for” his/her contribution, nuclear centrifuges would not be destroyed. That said, it 

remains uncertain as what amounts to “direct causation” in cyberwarfare. With the lack of 

universal State practice and consensus, “direct causation” will remain to be decided on a case-by-

case basis.142 This “case-by-case” sentiment was also echoed in Targeted Killings,143 Tadić,144 and 

                                                      
138 Turns, supra note 111, at 288. 
139 Nicolas Falliere et al., W32.Stuxnet Dossier, SYMANTEC SEC. RESPONSE, 2 (Feb. 2011), 

https://www.symantec.com/content/en/us/enterprise/media/security_response/whitepapers/w32_s

tuxnet_dossier.pdf. 
140 Id. 
141 Schmitt, Deconstructing Direct Participation in Hostilities, supra note 130, at 727-29. 
142 Crawford, supra note 110, at 9. 
143 HCJ 769/02 The Public Committee against Torture in Israel v. The Government of Israel, ¶ 

34-37 [2006] (Isr.). 
144 Prosecutor v. Tadić, Case No. IT-94-1-T, Opinion and Judgement, ¶ 616 (Int’l Crim. Trib. 

For the Former Yugoslavia May 7, 1997). 
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Strugar.145 Furthermore, the United States,146 United Kingdom,147 and Australian military 

manuals148 (and many others) cite the need for a “case-by-case” approach. 

C. BELLIGERENT NEXUS 

The “belligerent nexus” element is the least contentious amongst the three.149 The 

Interpretive Guidance is silent on how the “belligerent nexus” element applies in times of 

cyberwarfare. However, absent guidance, it is relativity straightforward to tease out the legal 

parameters of “belligerent nexus.” The Interpretive Guidance defines belligerent nexus as an act 

that “must be specifically designed to directly cause the required threshold of harm in support of 

a party to the conflict and to the detriment of another.”150 DPH is only restricted to those 

individuals whose acts are integral to the hostilities.151 Not all acts which result in harm can be 

linked to a party to the conflict as some civilian acts are driven by personal gain. If indirect 

consequence were intended, which results in foreseeable harm, “belligerent nexus” element would 

be satisfied, albeit failing the “direct causation” element. If the indirect consequence was neither 

intended nor foreseeable, but satisfies the “threshold of harm” element, DPH has not occurred as 

“belligerent nexus” and “direct causation” were not satisfied. The Interpretive Guidance gave the 

example of a bank robbery, in which a belligerent nexus does not exist as the act committed by the 

robber was not in support of a party to the conflict even though harm has been caused.152 

Schmitt argues that the “belligerent nexus” criteria should be defined differently as act in 

support or to the detriment of the party (cf. “in support of a party to the conflict and to the detriment 

of another”).153 Schmitt’s approach, not surprisingly, was adopted in the Tallinn Manual 2.0 where 

“belligerent nexus” is interpreted as an act directly related to the hostilities.154 The AMW Manual 

                                                      
145 Prosecutor v. Strugar, Case No. IT-01-42-A, Judgement, ¶ 176-79 (Int’l Crim. Trib. For the 

Former Yugoslavia July 17, 2008). 
146 The Commander’s Handbook, supra note 63, at ¶ 11.2 
147 UK MOD LOAC Manual, supra note 101, at ¶ 5.3.4. 
148 Australian Defence Force, Law of Armed Conflict, ADDP 06.4, 11 May 2006, ¶ 5.36. 
149 Schmitt, Deconstructing Direct Participation in Hostilities, supra note 130, at 735. 
150 Interpretive Guidance, supra note 116, at 58. 
151 Dan-Iulian Voitasec, Cyber Hostilities: Civilian Direct Participation, 2016 CHALLENGES OF 

THE KNOWLEDGE SOC’Y 550, 553. 
152 Interpretive Guidance, supra note 116, at 60. 
153 Schmitt, Deconstructing Direct Participation in Hostilities, supra note 130, at 736. 
154 Schmitt, Tallinn Manual 2.0, supra note 18, at 430. 
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adopts a similar position.155 The approach taken in the Tallinn Manual 2.0 would be more 

appropriate in times of cyberwarfare as there is an immediate nexus between the resulting act and 

the cyber operation. This author thinks that the nexus required in the Interpretive Guidance might 

be too far removed in times of cyberwarfare as there is no immediacy factor, it turns on whether 

the resulting act is “in support of [or detriment of] a party to the conflict.” What is “in support” of 

and “to the detriment of” a party to the conflict lacks the immediacy factor required for belligerent 

nexus to be established. It adds a layer of the resulting act being attached to the parties involved, 

instead of to the resulting harm. Uncontentiously, belligerent nexus could become relevant at an 

earlier stage of the cyberwarfare, if the malware was written and designed specifically for a 

particular operation or act.156 It may seem inconsistent with the Interpretive Guidance, but in times 

of cyberwarfare, a belligerent nexus can be established before the commission of the hostile act, 

rather than during, or after its been committed.157 

However, as before, States have agreed to take a “case-by-case” analysis of DPH. It 

remains to be seen if the Interpretive Guidance and/or the Tallinn Manual 2.0 will come to fruition 

in an actual cyber-conflict. The nature of IHL is always changing; one can only apply the law lex 

lata and theorize how the law should be applied in a given circumstance.  

VI. CONCLUSION  

This paper has critically examined the interaction between cyberwarfare and IHL. Section 

II argued how cyber-attacks are “armed conflict[s]” under Article 2 common to the four Geneva 

Conventions, which brings in the protective mechanisms of IHL. Furthermore, how cyber-attacks 

are “attacks” under Article 49(1) of API, to which relevant IHL restrictions apply. Section III has 

examined the difficulties of cyber-distinction due to dual-use objects in cyber-sphere. This paper 

has argued how a narrower interpretation of “military objectives” needs to be adopted which will 

alleviate the complexities of distinction vis-à-vis cyber-sphere. Section IV examined how the 

proportionality principle applies in cyberwarfare, and has critically examined two areas of the 

proportionality principle. In doing so, this paper argues that the functionality approach should be 

the preferred method when dealing with the proportionality principle, and that indirect effects 

                                                      
155 AMW Manual, supra note 60, at 15-16. 
156 Turns, supra note 111, at 289 
157 Id.  
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should be factored into the proportionality calculus. Lastly, Section V of the paper argued how 

DPH applies in cyberwarfare. In doing so, this paper has examined the constitutive elements in the 

Interpretive Guidance to interpret non-combat immunity as stipulated in API.  This paper can only 

theorize lex ferenda, how the Interpretive Guidance should apply vis-à-vis cyberwarfare. With the 

“unprecedented”158 May 2017 global cyber-attack, States are forced to re-examine their respective 

cyber-strategy. It is only a matter of time where a global cyber-war occurs. States are urged to 

adopt multilateral cyber-IHL treaties for the wars of tomorrow.  

                                                      
158 Cyber-attack: Europol says it was unprecedented in scale, BBC NEWS (May 13, 2017), 

http://www.bbc.com/news/world-europe-39907965. 
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Wasting Talent: How the US is Losing Revenue and Skills of 

Immigrant Workers  

By: Richard Dowse1 

I. INTRODUCTION 

 Anyone living in the United States during the past decade knows that there is one word that 

tends to get individuals fired up and speaking out, regardless of background, ethnicity, country of 

origin, or political party: immigration.2 Whether an individual was born in the United States or 

born abroad and now living in the United States [whether legally or illegally], almost everyone has 

strong opinions about public policy and the current treatment of immigrants attempting to enter 

the United States, as well as those who have already crossed the border.3  

  The recent 2016 Presidential Election brought this war of opinions to front, center stage 

with outspoken candidate [now president], Donald Trump’s criticisms of criminal immigrants, lax 

immigration enforcement,4 and even the need to build a giant wall to secure the country’s southern 

border.5 Thanks, in part, to this rhetoric of hatred and fear being broadcast to America’s citizens, 

there exists the misconception that the majority of immigrants come to the US with no education, 

no money, and no way to take care of themselves or their families.6 Unfortunately, nothing could 

be further from truth.7 What may surprise many is that, between 2011-2015, the percentage of 

                                                      
1 Juris Doctorate Candidate, 2019, Creighton University School of Law. 
2 See Claire Felter & Danielle Renwick, The US Immigration Debate, COUNCIL ON FOREIGN 

RELATIONS (last updated Sept. 6, 2017), https://www.cfr.org/backgrounder/us-immigration-

debate-0.  
3 Id. 
4Transcript of Donald Trump’s Immigration Speech, N.Y. TIMES (Sept. 1, 2016), 

https://www.nytimes.com/2016/09/02/us/politics/transcript-trump-immigration-speech.html. 
5 Michelle Ye Hee Lee, Donald Trump’s false comments connecting Mexican immigrants and 

crime, WASH. POST (July 8, 2015), https://www.washingtonpost.com/news/fact-

checker/wp/2015/07/08/donald-trumps-false-comments-connecting-mexican-immigrants-and-

crime/?utm_term=.9a980afbe908. 
6 Lisa Desjardins, The 6 new, significant things Donald Trump said on immigration, PBS (Sept. 

1, 2016), http://www.pbs.org/newshour/updates/six-new-significant-things-donald-trump-said-

immigration/. 
7 See Infra note 8. 
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immigrants who had graduated from college greatly surpassed the percentage of US-born adults 

doing the same.8 In spite of this surprising fact, there remain millions of college-educated 

immigrants who are unable to practice their chosen professions in the US due to outdated policies 

of “recertification,” limited availability of medical residencies and skilled-labor visas, and lack of 

recognition of foreign training and degrees, despite friendlier examples of transference of skills 

and training in many European countries.9 

 The background section of this article will explore “skilled labor immigration:” what it 

means, and the US’s current treatment of skilled laborers wishing to take part in the “American 

Dream,”10 as well as two examples of countries in Europe currently attempting to make the 

transition to practice medicine a bit smoother for foreign physicians.11 In the argument section, the 

author argues that not only does the current immigration system—as applied to skilled-laborers—

harm immigrants who are both willing and able to put their skills and training to use in the aid of 

US-born citizens, but harms the overall economic health of the country as millions of individuals’ 

skills are wasted and possibly billions of dollars in available, taxable revenue is lost.12 The author 

also compares these policies to two examples of European countries (Ireland and Finland) 

currently using policies that encourage a smoother transition of trained physicians into the medical 

working world in their respective areas.13 In conclusion, the author argues that by (1) increasing 

the number of available H-1B visas, (2) creating an easier path to work and citizenship for foreign 

students studying in the US, and (3) an increased effort to establish partnerships of recognized 

training and education between other countries will result in minimized “brain waste,” increased 

                                                      
8 Jeanne Batalova & Michael Fix, New Brain Gain: Rising Human Capital among Recent 

Immigrants to the United States, MIGRATION POLICY INST., 2 (May, 2017), 

https://www.migrationpolicy.org/research/new-brain-gain-rising-human-capital-among-recent-

immigrants-united-states [hereinafter Batalova & Fix, New Brain Gain]. 
9 See, e.g., Lesleyanne Hawthorne, Recognizing Foreign Qualifications: Emerging Global 

Trends, MIGRATION POLICY INST., 5 (July, 2013), 

https://emnbelgium.be/sites/default/files/publications/mpi-credentialing-globaltrends.pdf.  
10 See Infra note 21. 
11 Hawthorne, supra note 9, at 4-5 n. 13. 
12 See Infra note 34. 
13 See Infra note 60. 
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tax revenue, and the creation a country environment that welcomes the best and the brightest in 

the world.14  

II. BACKGROUND 

 While immigration law is a topic that is amorphous, of global significance, and variable 

from country to country, for the purposes of this article, the author simplifies immigration into five 

general categories:  

(1) Economic Migration; 

(2) Family Reunification; 

(3) Asylum and Refugee Immigration; 

(4) Immigration for Education; and  

(5) Acquisition (and loss) of citizenship.15 

This article focuses on categories (1) and (4), specifically as they apply to skilled-labor 

immigrants, which the US Citizenship and Immigration Services (USCIS) defines as an individual 

with a minimum of two years in training or job experience in a specific field or occupation.16 

Skilled-laborers may include many different fields and specialties including: scientists, engineers, 

medical professionals, as well as business professionals.17  

A. THE H-1B VISA PROGRAM ALLOWS US COMPANIES TO FILL CURRENT NEEDS WITH 

QUALIFIED FOREIGN PROFESSIONALS THAT THEY ARE UNABLE TO FILL WITH US 

EMPLOYEES. 

                                                      
14 See Infra note 29. 
15 See Michel Beine et al., Comparing Immigration Policies: An Overview from the IMPALA 

Database, 50 INT’L MIGRATION REV. 827, 834 (2016). 
16 Employment-Based Immigration: Third Preference EB-3, U.S. CITIZENSHIP AND IMMIGRATION 

SERVICES (last updated July 15, 2015), https://www.uscis.gov/working-united-states/permanent-

workers/employment-based-immigration-third-preference-eb-3 [hereinafter Employment-Based 

Immigration]. 
17 Id. 
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 One of the largest and most expansive program the US currently has in place to accept and 

incorporate these skilled-laborers is the H-1B visa.18 This program allows US companies to recruit 

and select foreign professionals, as well as bring them to the US, in order to fill a position a 

company is unable to fill with a US citizen in their geographic area.19 This program currently 

allows 65,000 foreign professionals to enter the US each year in order to work for established 

companies and gain temporary residence, with an exception to this cap being the first 20,000 

companies applying for an individual who has a master’s or doctorate degree.20 Typically these 

visas are authorized for three years, after which they can be renewed for up to a maximum of six 

years.21 During the worker’s time in the US, the worker is permitted to apply for a change of status, 

but there is no guarantee of that status being approved.22 After receiving an H-1B visa, including 

temporary legal status, an employee can only legally remain in the country so long as the company 

retains her services unless further status is granted on other grounds.23  

 While there are many individuals who feel that immigration for employment negatively 

impacts US professionals and workers, a study by the Journal of Labor Economics tells quite the 

opposite story.24 The study estimated that, while there remains a negative connotation to bringing 

on foreign workers in a professional firm, a 10% increase in skilled foreign laborers subsequently 

increased the total skilled workforce of the company by 6%.25 The study also found that because 

                                                      
18 H-1B Specialty Occupations, DOD Cooperative Research and Development Project Workers, 

and Fashion Models, U.S. CITIZENSHIP AND IMMIGRATION SERVICES (last updated Apr. 3, 2017), 

https://www.uscis.gov/working-united-states/temporary-workers/h-1b-specialty-occupations-

dod-cooperative-research-and-development-project-workers-and-fashion-models [hereinafter H-

1B Specialty Occupations].  
19 Employment-Based Immigration, supra note 16.   
20 H-1B Specialty Occupations, supra note 18.  
21 Id. 
22 Change My Nonimmigrant Status, U.S. CITIZENSHIP AND IMMIGRATION SERVICES (last updated 

July 15, 2015), https://www.uscis.gov/visit-united-states/change-my-nonimmigrant-status-

category/change-my-nonimmigrant-status. 
23 H-1B Specialty Occupations, supra note 18.  
24 Sari Pekkala Kerr et al., Skilled Immigration and the Employment Structures of US Firms, 33 

J. of Labor Econ. 147, 147 (2015). 
25 Id. at 150. 
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over 90% of H-1B recipients are under the age of forty, that firms may be more capable of retaining 

and attracting younger, native, skilled workers.26  

 Despite these findings the current cap of 65,000 available visas per year (plus a steep cost 

of as much as $6,700 per application, not including any attorney fees), makes the H-1B visa a tool 

that few companies can take advantage.27 In spite of these barriers, the entirety of the H-1B visas 

were claimed within the first five fiscal days of 2017, including the 20,000 additional visas under 

the advanced degree exemption.28 During the first week alone of the application period of 2014, 

the USCIS received 124,000 H-1B applications and was forced to perform a lottery to make the 

final decisions on the remaining recipients.29 

B. MILLIONS OF IMMIGRANTS LIVING IN THE US ARE UNABLE TO BENEFIT FROM THEIR 

COLLEGE EDUCATIONS OBTAINED ABROAD, RESULTING IN THE LOSS OF BILLIONS OF 

DOLLARS IN POTENTIAL, TAXABLE REVENUE.  

 Apart from foreign professionals using the H-1B visa, there are currently millions of 

migrants living legally in the US who are unable to use the education and training they worked so 

hard to achieve in their home countries.30 According to a study performed by the Migration Policy 

Institute—using information gathered from the decennial census and the American Community 

Survey (ACS)—there are now over 11.1 million foreign college-graduates living in the United 

States (including 5.8 million Asians, 2.4 million Latin Americans, and 1.8 million Europeans).31 

In fact, the population of college-educated immigrants more than tripled from 1990-2015, from 

3.1 to 11.1 million.32 The study provides that in 2015, 48% of immigrant adults, 25 years and older, 

                                                      
26 Id. at 182. 
27 H and L Filing Fees for Form I-129, Petition for a Nonimmigrant Worker, U.S. CITIZENSHIP 

AND IMMIGRATION SERVICES (last updated Feb. 17, 2017), https://www.uscis.gov/forms/h-and-l-

filing-fees-form-i-129-petition-nonimmigrant-worker.  
28 USCIS Reaches FY 2017 H-1B Cap, U.S. CITIZENSHIP AND IMMIGRATION SERVICES (Apr. 7, 

2016), https://www.uscis.gov/news/news-releases/uscis-reaches-fy-2017-h-1b-cap. 
29 USCIS Reaches FY 2014 H-1B Cap, U.S. CITIZENSHIP AND IMMIGRATION SERVICES (Apr. 8, 

2013), https://www.uscis.gov/news/uscis-reaches-fy-2014-h-1b-cap. 
30 Batalova & Fix, New Brain Gain, supra note 8, at 10.  
31 Id. at 4. 
32 Id. at 2. 

https://www.uscis.gov/forms/h-and-l-filing-fees-form-i-129-petition-nonimmigrant-worker
https://www.uscis.gov/forms/h-and-l-filing-fees-form-i-129-petition-nonimmigrant-worker
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were college-graduates versus only 31% for US-born citizen adults.33  Of all of the immigrants 

who came between 2010-2015, only 18% were unauthorized, the other 82% being temporary visa 

holders, legal permanent residents (LPR or “green-card holders”), or naturalized US citizens.34  

 Yet, with all of these available skills, talents, and education, millions of immigrants are 

unable to practice within their fields of expertise, because foreign professionals are subjected to 

the long, expansive, and expensive process of recertification.35 The issue surrounds the recognition 

of foreign professional qualifications.36   

C. FOREIGN PHYSICIANS FACE EXTREME HARDSHIPS IN ORDER TO PRACTICE MEDICINE IN 

THE US.  

 One example of foreign professionals who face great hardships in being permitted to 

practice their craft are medical professionals.37 Foreign physicians are required not only to take 

multiple exams and certifications in addition to their training (potentially costing thousands of 

dollars),38 but are required to complete a residency in a their field of expertise, which may take an 

additional 3-8 years before they are able to practice on their own.39 This residency is required 

regardless of how many years a physician may have practiced, even in a comparatively wealthy 

country abroad.40 While language and cultural barriers may pose a significant threat to many, the 

residency itself is the most daunting task in medical recertification.41 This complex system, funded 

by Congress, permits only a set number of residencies per year to which Congress refuses to add, 

in spite of the adverse effect this process has on medical graduates from abroad.42 Despite this 

                                                      
33 Id. at 3. 
34 Batalova & Fix, New Brain Gain, supra note 8, at 5. 
35 Hawthorne, supra note 9, at 3. 
36 Id. at 4. 
37 Linda Rabben, Credential Recognition in the United States for Foreign Professionals, 

MIGRATION POLICY INST., 1 (May, 2013), https://www.migrationpolicy.org/research/credential-

recognition-united-states-foreign-professionals. 
38 Id. 
39 Id. at 4-5. 
40 Hawthorne, supra note 9, at 4-5. 
41 Rabben, supra note 37, at 6. 
42 See Norman A. Desbiens & Humberto J. Vidaillet Jr., Discrimination against international 

medical graduates in the United States residency program selection process, BMC MED. EDUC., 

5 (2010), https://bmcmededuc.biomedcentral.com/track/pdf/10.1186/1472-6920-10-

5?site=bmcmededuc.biomedcentral.com. 
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nearly impossible hurdle, more than 25% of practicing physicians in the US received their training 

outside of its borders.43 

D. FINLAND AND IRELAND ARE EXAMPLES OF GOVERNMENTS ATTEMPTING TO MAKE THE 

TRANSITION INTO PRACTICE MORE EASILY ACCESSIBLE FOR FOREIGN PHYSICIANS.  

 Two countries in Europe which have been able to increase their inflow of foreign-

physicians in recent years are Finland and Ireland, based on a similar need to fill medical positions 

that citizens are unable to fill.44 Finland has seen its number of foreign physicians double since 

from 2000-2010, reaching 10% of the General Practitioners in Finland.45 While foreign physicians 

are required to speak Finnish competently, and to pass a certification test, they are also able to 

enter service in the public sector, where they can practice medicine in a hospital under supervision 

without enduring a long residency.46 Following this specified time, they can then advance to 

working unsupervised in a public health center, and eventually to private practice, if so desired.47 

Some foreign general practitioners practicing go so far as to describe being treated as “specialists,” 

even assigned fewer patients due to unique foreign training and knowledge.48 

 Ireland is another European country which relies heavily on international physicians to fill 

their countries medical workforce needs, ranking as the second highest dependency on foreign 

doctors.49 In order to fill these needs, the Irish government has gone so far as recruiting foreign 

professionals, as well as not requiring working visas for doctors who migrate in order to fill a 

specific position.50 One of the biggest draws for foreign physicians is that Ireland allows for 

                                                      
43 Fitzhugh Mullan, The Metrics of the Physician Brain Drain, 353 NEW ENG. J. OF MED. 1810, 

1811 (2005). 
44 Hawthorne, supra note 9, at 5. 
45 Hannamaria Kuusio et al., Inflows of foreign-born physicians and their access to employment 

and work experiences in health care in Finland: qualitative and quantitative study, HUM. RES. 

FOR HEALTH, 2 (2014), https://human-resources-

health.biomedcentral.com/track/pdf/10.1186/1478-4491-12-41?site=human-resources-

health.biomedcentral.com. 
46 Id. 
47 Hawthorne, supra note 9, at 5. 
48 Kuusio et al., supra note 45, at 5.  
49 Ruairí Brugha et al., Passing through – reasons why migrant doctors in Ireland plan to stay, 

return home, or migrate nnwards to new destinations countries, 14 HUM. RES. FOR HEALTH  45, 

45 (2016).  
50 Niamh Humphries et al., A cycle of brain gain, waste and drain – a qualitative study of non-

EU migrant doctors in Ireland, HUM. RES. FOR HEALTH , 2 (2013), https://human-resources-
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temporary registration of non-EU doctors who can be hired and receive further training, a period 

which can last as long as seven years, in contrast to a long and expensive residency.51 This 

temporary registration also allows time for those who wish to remain in Ireland practicing 

medicine to apply for permanent status and to continue training in the medical field, while 

providing a good living wage to support themselves and their families.52 

E. A MAJORITY OF FOREIGN STUDENTS WHO STUDY IN THE US ARE LARGELY LOST TO 

FOREIGN COMPETITION DUE TO STRICT US IMMIGRATION POLICY, DESPITE INCREASING 

NEEDS, ESPECIALLY IN STEM FIELDS.   

  Another area greatly affecting skilled-labor immigration is the US education of foreign 

students.53 The US educates hundreds of thousands of foreign students every year, but due to a 

competitive world market and an unfriendly US immigration system for foreign professionals, the 

majority of these students are taking their expertise elsewhere.54 This especially becomes 

problematic in the ever-important and ever-growing fields of STEM graduates (science, 

technology, engineering, and mathematics).55 According to a recent report by the National 

Foundation for American Policy, foreign students make up “70 percent of the full-time graduate 

students (masters and PhDs) in electrical engineering, 63 percent in computer science, 60 percent 

in industrial engineering, and more than 50 percent in economics, chemical engineering, materials 

engineering and mechanical engineering.”56  

                                                      

health.biomedcentral.com/track/pdf/10.1186/1478-4491-11-63?site=human-resources-

health.biomedcentral.com.   
51 See Jean-Christophe Dumont & Pascal Zurn, Immigrant Health Workers in OECD Countries 

in the Broader Context of Highly Skilled Migration, in INTERNATIONAL MIGRATION OUTLOOK: 

SOPEMI 2007 EDITION 161, 167 (2007).  
52 Humphries et al., supra note 50, at 9. 
53 See Jeff Papa & Jessica Whelan, Regaining the Economic Edge: Policy Proposals for High-

Skill Worker and Student Authorizations, 25 IND. INT’L & COMP. L. REV. 33, 33 (2015). 
54 See Id. at 40-41. 
55 Id. 
56 Id. at 33 (quoting Stuart Anderson, The Importance of International Students to America, 

NAT’L FOUND. FOR AM. POL’Y, 3 (2013), 

http://www.nfap.com/pdf/New%20NFAP%20Policy%20Brief%20The%20Importance%20of%2

0International%20Students%20to%20America,%20July%202013.pdf). 
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 In a world becoming ever-more dependent on science and technology, the demand for 

STEM workers is projected to increase by over twenty percent by 2020.57 Despite this higher 

demand, current supply is not keeping up with the demand in the US, due to low enrollment of US 

citizens in STEM programs combined with an increased demand for STEM-graduates among 

typically non-STEM companies.58  

 Many of these foreign students are able to take advantage of a US education thanks to F-1 

student visas.59 These visas allow foreign students to study and live temporarily in the US for the 

duration of the degree they are seeking, as long as they remain “full-time” students and maintain 

satisfactory progress toward that goal.60 Spouses and children of these F-1 recipients can apply for 

an F-2 visa, allowing them to accompany their student, yet neither can study or work during their 

time in the US, creating another roadblock for these studious immigrants to overcome.61 As for 

those students who seek to retain employment in the US after graduation, it’s quite the mountain 

to overcome.62 Foreign graduates from US universities and colleges are forced to return home to 

their countries of origin within sixty days of graduation unless they are successful in changing 

their legal status, which is extremely complex and can be very expensive.63 Making matters even 

worse, every immigrant who studies in the US and then returns to their nation of origin is banned 

from even applying for an immigrant visa until they have remained in their home country for a 

minimum of two years.64  

                                                      
57 STAFF OF J. ECON.COMM.CHAIRMAN, 112TH CONG., STEM EDUCATION: PREPARING FOR THE 

JOBS OF THE FUTURE 2 (Comm. Print 2012). 
58 Id. at 4. 
59 Students and Employment, U.S. CITIZENSHIP AND IMMIGRATION SERVICES (last updated Mar. 

11, 2016), https://www.uscis.gov/working-united-states/students-and-exchange-visitors/students-

and-employment. 
60 Nonimmigrant Services, U.S. CITIZENSHIP AND IMMIGRATION SERVICES, 37 (last visited Oct. 

31, 2017), 

https://www.uscis.gov/sites/default/files/USCIS/About%20Us/Electronic%20Reading%20Room/

Customer%20Service%20Reference%20Guide/Nonimmigrant_Services.pdf [hereinafter 

Nonimmigrant Services]. 
61 Id. at 39. 
62 Id. at 7. 
63 Id. at 38. 
64 See 8 U.S.C. § 1182(e) (2016).  

https://www.uscis.gov/working-united-states/students-and-exchange-visitors/students-and-employment
https://www.uscis.gov/working-united-states/students-and-exchange-visitors/students-and-employment
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III. ARGUMENT 

 The following sections discuss how the United States could address these barriers to 

skilled-labor immigration and how these changes could benefit the US.65 The author argues for: 

(1) adopting a system for foreign-trained physicians that allows them to be integrated into the 

medical field more quickly and smoothly,66 (2) permitting a larger number of skilled-laborers to 

enter and stay in the US by increasing the available number of available H-1B visas and,67 (3) 

creating a separate visa category for foreign-students who study in the US and wish to remain 

following graduation.68 

A. ADOPTING A SYSTEM ALLOWING FOREIGN-TRAINED PHYSICIANS TO INTEGRATE MORE 

SMOOTHLY AND QUICKLY CAN BENEFIT THE POOR AND UNDERSERVED COMMUNITIES IN 

THE US.  

 As discussed above, the pathway to practicing medicine for foreign-trained physicians in 

the US includes, sometimes insurmountable, obstacles they must overcome in order to practice 

their craft, despite an increasing need for qualifying health professionals.69 This results in “brain 

waste” of valuable human intellect and skill which might be used to improve, and even save lives.70 

The American Medical Association (AMA) has even gone so far as to issue a report recommending 

that organizations “support federal programs, and funding for such programs, that assist refugee 

physicians who wish to enter the US physician workforce, especially in specialties experiencing 

shortages  and in underserved geographic areas.”71  

 One way that the government could assist foreign-trained physicians is by looking at other 

countries who face similar issues in the way of qualifying foreign medical professionals and 

                                                      
65 See generally Hawthorne, supra note 9 (discussing the substantial costs and harm caused to the 

US government and professional immigrants caused by current barriers in skilled-labor 

immigration). 
66 See Rabben supra note 37, at 8. 
67 See Papa & Whelan, supra note 53, at 43 (entirety of 65,000 H-1B visas are claimed within the 

first seven days of availability in 2014). 
68 See id. at 42. 
69 Hawthorne, supra note 9, at 2-4. 
70 Rabben, supra note 37, at 8.  
71 Id.  
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applying those techniques which seem to be successful.72 Ireland, for example, allows temporary 

registration of non-EU doctors to be employed, while also receiving further medical instruction 

specific to the country.73 In Finland, foreign physicians follow a process where they are permitted 

to work in a hospital under the direct supervision of an approved physician, followed by prescribed 

time in a health center, only after which a physician has the opportunity to branch into the field of 

private practice.74 These two programs are great examples of paths which certify that only foreign 

physicians who are qualified are allowed to practice medicine, while still allowing them to earn a 

living, support their families, as well as contribute to the economy and government through 

subsequent purchases and taxes.75  

B. BY INCREASING THE NUMBER OF AVAILABLE H-1B VISAS, THE US GOVERNMENT CAN 

RAISE THE NUMBER OF US CITIZENS SKILLED LABORERS, AS WELL AS CREATE BILLIONS 

OF DOLLARS OF POTENTIAL TAX REVENUE.  

 The current cap on H-1B visas is simply not adequate to fill the needs of current US 

employers, clearly demonstrated by the 236,000 applications for fiscal year 2017 and 199,000 

applications for 2018, dwarfing the 85,000 limit.76 An important factor to keep in mind, is that 

these are not applications filed by immigrants, but by US companies in need of foreign skills and 

talent they are unable to fill themselves.77 While the program was introduced over twenty-seven 

years ago, there have been limited significant revisions, despite an increasingly changing 

demographic of immigrants and immigration needs.78 By increasing the amount of H-1B visas to 

100,000, as well as increasing the master’s and PHD exception to 30,000, the United States could 

potentially earn an additional $500,000 per immigrant in taxes over their lifetime.79 This increase 

                                                      
72 Hawthorne, supra note 9, at 3. 
73 Dumont & Zurn, supra note 51, at 167.  
74 Hawthorne, supra note 9, at 5. 
75 See Batalova & Fix, New Brain Gain, supra note 8, at 8 (study shows that “brain waste” 

comes at a cost of nearly $10 billion in uncollected taxes). 
76 Id. at 14 n. 42.  
77 H-1B Specialty Occupations, supra note 18. 
78 Batalova & Fix, New Brain Gain, supra note 8, at 14. 
79 Jeanne Batalova & Michael Fix, Immigrants and the New Brain Gain: Ways to Leverage 

Rising Educational Attainment, MIGRATION POLICY INST. (June 2017), 

https://www.migrationpolicy.org/news/immigrants-and-new-brain-gain-ways-leverage-rising-
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in taxes does not even attempt to calculate the immeasurable gains to the economy through 

increased business and profits of companies employing those workers, the infusion of money into 

the economy by workers adequately compensated for their skillset, or even the increased diversity, 

both in the business world and in local communities in general.80 Apart from an increase in 

administrative costs, in order to process a higher number of applications, it is difficult to find a 

downside to escalating this antiquated cap on H-1B visas.81 

C. BY CREATING A NEW VISA FOR FOREIGN STUDENTS EDUCATED IN THE US, THE US WILL 

BECOME MORE COMPETITIVE IN BRINGING FOREIGN STUDENTS AND CAN HELP FILL A 

VOID IN STEM FIELDS BY DECLINING US CITIZEN ENROLLMENT.  

 Finally, apart from those foreign professionals who could benefit the US economy, are 

those foreign students who attain a US education and wish to remain in the United States to work.82 

Due to a combination of a complex immigration system for foreign students, combined with a 

recent anti-immigrant rhetoric (also known as the “Trump Effect”), 40% of colleges have seen a 

drop in foreign applications.83 Considering that over half of the full time graduate students in 

essential STEM fields are foreign students (see above), this is a distressing number.84 In order to 

remain competitive for the best and brightest students—specifically in the areas of science, 

technology, engineering, and math—changes must be made for graduating students who wish to 

remain in the United States.85 

  First, the F-2 visa must be adjusted to allow both spouses and children of F-1 visa-holders 

to work.86 This rule may have been applicable when traveling students were typically men who 

brought their housewives with them, but is not so in a modern-world where many homes include 

                                                      

educational-attainment [hereinafter Batalova & Fix, Ways to Leverage Rising Educational 

Attainment]. 
80 Id. 
81 Papa & Whelan, supra note 53, at 42-43. 
82 Id. at 33. 
83 See Stephanie Saul, Amid ‘Trump Effect’ Fear, 40% of Colleges See Dip in Foreign 

Applications, N.Y. TIMES (Mar. 16, 2017), www.nytimes.com/2017/03/16/us/international-

students-us-colleges-trump.html.  
84 See Papa & Whelan, supra note 53, at 33. 
85 Id. at 46. 
86 Id. at 35. 
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husbands and wives who both work to support a family.87 Second, there must be an additional visa 

program, unique to graduating foreign students, who wish to remain and work in the US.88 This 

program should be completely separate from the H-1B cap and could be organized so as to require 

that graduating students fill current needs (especially in STEM) in both rural and impoverished 

areas, similar to current government programs that reward doctors, lawyers, and teachers in 

forgiving student debt and additional grants for working in underserved areas.89 Creating this 

program would benefit all parties, including those US citizens in impoverished and rural areas who 

may not have the funds or resources to recruit such professionals otherwise, demonstrated by more 

than 30% of rural areas living with a shortage of general practitioners.90 Upon completing their 

designated time on this “foreign-US graduate” visa, professionals would then have the opportunity 

to apply for lawful permanent status and eventual citizenship.91 

IV. CONCLUSION 

 While many areas of immigration law are difficult, complex, and extremely controversial, 

skilled-labor immigration should not be one of them.92 The United States educates thousands of 

foreign students every year who have the potential to fill a growing deficit in STEM professions 

but are unable to stay to work or are delayed in their return by unfriendly immigration laws.93 

There are poor and rural areas in the US where doctors are desperately needed, yet, while there is 

a supply of foreign-trained physicians ready and willing, they are unable to assist due to expensive 

                                                      
87 Id.  
88 Id. at 42.  
89 See Rural and Low-Income School Program, U.S. DEP’T OF EDUC. (last modified Sept. 1, 

2017), https://www2.ed.gov/programs/reaprlisp/index.html; Rural Attorney Recruitment 

Program, S.D. UNIFIED JUDICIAL SYS. (last visited Oct. 31, 2017), 

http://ujs.sd.gov/Information/rarprogram.aspx; $4.2 Million in Federal Grants Open to Rural 

Physicians, AM. ACAD. OF FAMILY PHYSICIANS (Feb. 15, 2016, 3:17 PM), 

http://www.aafp.org/news/government-medicine/20160215ruralfunding.html.  
90 Kuusio et al., supra note 45, at 2. 
91 Compare Papa & Whelan, supra note 53, at 42 (discussing the possibility of a new visa 

category for STEM graduates that would expedite the process for obtaining legal permanent 

resident status), with 8 U.S.C. § 1182(e) (2016) (stating current eligibility requirements to apply 

for an immigrant visa, or for permanent residence).  
92 Papa & Whelan, supra note 53, at 46.  
93 Id. at 41. 
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testing and lengthy residency requirements that make it nearly impossible to practice.94 Finally, 

even companies who can demonstrate a specific company need or position that cannot be filled by 

local professionals, are drastically limited in the number of foreign-professionals they can hire 

because current demands more than double the amount of available H-1B visas.95 The US can 

remedy these issues by: (1) creating a separate visa program for foreign students educated in the 

US,96 (2) adopting a system similar to Ireland or Finland where foreign professionals can integrate 

their training and skills gradually while being supervised by local, qualified physicians,97 and (3) 

increasing the number of available H-1B visas, resulting in benefits to US companies as well as 

the Federal treasury.98  

 Immigration isn’t going stop.  Regardless of policies, laws, or opinions, millions of 

immigrants will continue to pass through the borders into the United States, hoping to become part 

of a country that has stood as a light and a beacon to the world for hundreds of years.  Immigrants 

come from different backgrounds, families, cultures and educations. Of those who have already 

come, there are millions of individuals who have the education and training available to build the 

US in ways that are currently not being utilized.  Enabling those professionals who are currently 

here, as well as easing the process for those foreign students who will soon become the 

professionals of the future, will not only increase the amount of money in the US treasury, but will 

breathe new life into areas of the country that may be weak and dying.  Increasing the amount of 

H-1B visas will not only give opportunities to thousands of professionals world-wide, but will give 

new life to companies across the nation who have needs they cannot fill.  It will increase the 

number of skilled-professional citizens who can contribute not only to the government and the 

economy, but to society as a whole.  It’s not a matter of letting in those who simply want to take 

part in the “American Dream,” but permitting those who have the ability to create that dream for 

others to do so. 

                                                      
94 See Rabben, supra note 37, at 8. 
95 See Batalova & Fix, New Brain Gain, supra note 8, at 14 n. 42. 
96 See Papa & Whelan, supra note 53, at 41. 
97 See Hawthorne, supra note 9, at 5. 
98 See Batalova & Fix, Ways to Leverage Rising Educational Attainment, supra note 79. 
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The Human Germline Modification Index: An International Risk 

Assessment for the Production of Genetically Modified Humans 

By: Jason Glanzer1 

I. INTRODUCTION  

In 2015, the world scientific community was surprised by the announcement that a 

genetically modified human embryo was created in a Chinese laboratory.2 These modifications 

were germline in their effect, meaning that if the embryo matured into an adult, that person could 

have children that also carried the same genetic modifications.3 This experiment highlighted a 

breakthrough method recently developed in the field of molecular biology, the CRISPR-Cas9 

system, which can modify genomes in living organisms for a fraction of the labor and cost of 

previous methods.4 Although not allowed to progress to a fully developed human, the experiment 

was marked by concern by many in the scientific world as possibly crossing a moral and ethical 

line, or at least as an experiment that was performed before proper regulatory guidelines were in 

place.5  

In the months following the announcement, several scientific and international groups 

gathered to develop a consensus of what limitations should be placed on the production of germline 

modified humans (“GMHs”).6 Although consensus has not been reached for most specific issues 

relating to GMHs, most agreed that germline modification tools, such as CRISPR-Cas9, are 

                                                      
1 Jason Glanzer, PhD, J.D. Candidate, 2018, Creighton University School of Law. 
2 See generally Puping Liang et al., CRISPR/Cas9-mediated gene editing in human tripronuclear 

zygotes, 6 PROTEIN CELL 363 (2015) (This study is the first published study of a genetically 

modified human embryo). 
3 Id. 
4 Renjie Jiao & Caixia Gao, The CRISPR/Cas9 Genome Editing Revolution, 43 J. GENETICS AND 

GENOMICS 227, 227-28 (2016). 
5 Kewal Krishan et al., Human Genome Editing and Ethical Considerations, 22 SCI. AND 

ENGINEERING ETHICS 597, 597-99 (2015). 
6 John Travis, Germline editing dominates DNA summit, 350 SCI. 1299, 1299 (2015). 
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currently not yet refined enough to risk experimentation on humans.7 However, as we saw in the 

last decade with human cloning in South Korea, general consensus on risk does not prevent rogue 

countries or laboratories from performing experiments that much of the world abhors.8 This is 

especially true with the current issue of GMHs, as CRISPR-Cas9 technology is particularly easy 

to use.9 Any country that has both modest capabilities for biotechnology and in-vitro fertilization 

(“IVF”) clinic is capable of producing GMHs.10 For these countries, regulations that prohibit GMH 

production are extremely important and should “be required to express preventive measures 

against abuses of germline genome editing.”11 Araki et al., has tracked GMH regulation in 39 

mostly industrialized nations.12 Many countries with highly established biotech industries also 

have highly regulated guidelines regarding GMH production.13 However, countries with newly 

developing biotech capabilities have not been similarly tracked.14  

To discern which countries are at risk for producing GMHs, the present article submits a 

Human Germline Modification Index (“HGMI”) that tracks what countries have the capability of 

producing GMHs, and whether or not they also have regulatory control over these processes.15 The 

article begins by providing a background on the discovery of the CRISPR-Cas9 system, its 

modification for use in animals and the relative ease by which this technology can be used on 

humans.16 Upon this foundation, the article describes how each criterion for the HGMI was 

                                                      
7 Committee on Science, Technology, and Law, Policy and Global Affairs, National Academies 

of Sciences, Engineering, and Medicine, International Summit on Human Gene Editing: A 

Global Discussion, 44-45 (Steven Olson, 2015). 
8 Gina Kolata, Cloning Creates Human Embryos, N.Y. TIMES, Feb. 12, 2004. 
9 Masahito Watanabe & Hiroshi Nagashima, Genomic Editing of Pig, 1630 METHODS IN 

MOLECULAR BIOLOGY 121, 121 (2017). 
10 See Motoko Araki & Tetsuya Ishii, International regulatory landscape and integration of 

corrective genome editing into in vitro fertilization, 12 REPROD. BIOLOGY AND ENDOCRINOLOGY 

1, 2 (2014) (CRISPR is a rapidly developing technology that is relatively easy to implement, and 

can be added to an IVF protocol). 
11 Id. at 10.  
12 Id. at 8. 
13 See Id. 
14 See generally Id. (Araki’s list of 39 countries are for the most part all industrialized. Most non-

industrialized countries have not been tracked). 
15 See infra note 54. 
16 See infra notes 19-27. 
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researched and quantified.17 Finally, the article gives an in-depth look at four countries that scored 

highest in the HGMI: Iran, Malaysia, Taiwan, and the Philippines.18 

II. BACKGROUND 

A. CRISPR-CAS9: AN INTRODUCTION 

Before its modification for use in animals, CRISPR-Cas9 was initially discovered as a 

defense system that allows bacteria to protect themselves from assault by viruses.19 If a viral 

genome is exposed when invading a bacterium, some bacteria are capable of cutting out a small 

piece of the viral DNA and pasting it within the bacterium’s own genome, in a region specifically 

defined as having clustered, regularly interspaced short palindromic repeats, which is the basis for 

the anagram, ‘CRISPR’.20 The bacterium then creates a single-stranded RNA containing the viral 

sequence, and using the Cas9 endonuclease, an enzyme produced by bacteria that cuts DNA, 

searches throughout bacterium, looking for any DNA that also contains the viral sequence.21 When 

viral DNA that matches this sequence is found, The Cas9 endonuclease cleaves the viral genome, 

rendering the virus unable to replicate.22  

Scientists have adapted CRISPR-Cas9 for use in eukaryotic systems, allowing researchers 

to synthesize custom RNA molecules that can target specific regions within animal genomes.23 

The targeting RNA can be injected into embryonic cells, where they find and cleave the DNA.24 

Synthetic DNA of the corrected sequence is also injected into the cell, and is picked up by the 

cell’s own DNA repair proteins and used to patch the cleaved DNA, creating a genetically modified 

                                                      
17 See infra notes 56-85. 
18 See infra notes 92-124. 
19 Rodolphe Barrangou, CRISPR Provides Acquired Resistance Against Viruses in Prokaryotes, 

315 SCI. 1709, 1709-10 (2007); Rimantas Sapranauskas, The Streptococcus thermophilus 

CRISPR/Cas system provides immunity in Escherichia coli, 39 NUCLEIC ACIDS RES. 9275, 9275 

(2011). 
20 Barrangou, supra note 19, at 1710-12. 
21 Sapranauskas supra note 19, at 9275-76.  
22 Martin Jinek et al., A programmable dual-RNA-guided DNA endonuclease in adaptive 

bacterial immunity, 337 SCI. 816, 816 (2012). 
23 Daisuke Mashiko et al., Feasibility for a large scale mouse mutagenesis by injecting 

CRISPR/Cas plasmid into zygotes, 56 DEV. GROWTH AND DIFFERENTIATION 122, 123 (2014). 
24 Id. at 122-23. 
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cell.25 Animals are diploid creatures, having two copies of every gene.26 CRISPR-Cas9 is capable 

of modifying both copies of a targeted animal gene at once, which is a great improvement over 

traditional methods where only one copy can be targeted each generation.27 

B. BANNING GMHS: A BIOLOGICAL ARGUMENT 

Although CRISPR-Cas9 is highly efficient in targeting and modifying genes in mammalian 

embryos, it is not perfect, and currently is prone to having activity at off-target sites.28 As only 

three percent of the human genome is used for coding proteins, it is likely that a CRISPR-Cas9 

modified human born with a few off-target modifications would not look any different than the 

general population or have any genetic diseases.29 For couples that are both homolozygous 

recessive for the same genetic disease, such as hemophilia, CRISPR-Cas9 would likely allow them 

to have a child free from their disease.30 However, the small, off-target mutations in the child 

would live on and be transferred to their children.31  

If CRISPR-Cas9 is widely used, while still having the problem of off-target modifications, 

there will be people with aggregations of these mutations in the future, which eventually may 

spawn new genetic problems and diseases, lowering the genetic health of the world population.32 

This cataclysmic prediction has been echoed by other scientists.33 Thus, CRISPR-Cas9 can now 

                                                      
25 Id. at 124. 
26 Anton Wutz, Haploid animal cells, 141 DEVELOPMENT 1423, 1423 (2014). 
27 Andrew R. Bassett et al., Mutagenesis and homologous recombination in Drosophila cell lines 

using CRISPR/Cas9, 3 BIOLOGY OPEN 42, 42 (2014). 
28 Liang et al., supra note 2, at 368. 
29 Wojciech Makalowshi, The human genome structure and organization, 48 ACTA BIOCHIMICA 

POLONICA 587, 589 (2001). 
30 See Tatjiana I Cornu et al., Refining strategies to translate genome editing to the clinic, 23 

NATURE MED. 415, 416 (2017). 
31 See Dana Carroll, A Perspective on the State of Genome Editing, 24 MOLECULAR THERAPY 

412, 412 (2016) (discussing the current inadequacies in detecting and minimizing off-target 

effects of heritable modifications). 
32 Michael McCarthy, Scientists Call for Moratorium on Clinical Use of Human Germline 

Editing, 351 BRITISH MED. J. h6603, 1 (2015). 
33 Edward Lanphier et al., Don’t edit the human germline, 519 NATURE 410, 410-11 (2015). 
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give a short-term benefit to couples trying to produce a healthy child, but the long-term effects of 

CRISPR-Cas9 for our population as a whole are murky, and likely quite dangerous.34   

C. DEMAND, COST, AND REGULATION 

Concerns that GMHs will be produced are derived from several factors, including demand, 

cost, and regulation.35 Demand for GMHs will exist for as long as parents wish for their children 

to avoid genetically related illnesses.36 The low cost of CRISPR-Cas9 is a particularly powerful 

incentive for producing GMHs.37 For embryo injection, the only components that the clinician 

needs is a purified Cas9 mRNA (or protein), two guide RNAs, and a corrected DNA template.38 

Cas9 mRNA can be purchased for $500.39 Guide RNAs are custom made and can be purchased 

for $99 each.40 DNA templates can be purchased for $150.41 A person designing and purchasing 

these reagents would likely require some biotechnological training.42 However, once the items are 

available, they can be readily combined and injected into embryos using a technique nearly 

identical to intracytoplasmic sperm injection (“ICSI”), a method common to IVF clinics.43 

                                                      
34 McCarthy, supra note 32, at 1.  
35 Erika C. Hayden, Should You Edit your Children’s Genes?, 530 NATURE 402, 403-04 (2016); 

Heidi Ledford, CRISPR, the disruptor, 522 NATURE 20, 21 (2015). 
36 Hayden, supra note 35, at 403-04. 
37 Ledford, supra note 35, at 21. 
38 F Ann Ran et al., Genome engineering using the CRISPR-Cas9 system, 8 NATURE PROTOCOLS 

2281, 2281-82 (2013). 
39 SIGMA-ALDRICH, 

http://www.sigmaaldrich.com/catalog/product/sigma/cas9mrna?lang=en&region=US (last visited 

Oct. 29, 2017). 
40 DHARMACON, http://dharmacon.gelifesciences.com/gene-editing/crispr-rna-configurator/ (last 

visited Oct. 29, 2017). 
41 INTEGRATED DNA TECHNOLOGIES, http://www.idtdna.com/pages/products/genes/gblocks-

gene-fragments (last visited Oct. 29, 2017). 
42 See e.g., EUROPEAN MOLECULAR BIOLOGY LABORATORY, 

https://www.embl.de/training/events/2017/GEE17-01/ (last visited Aug. 19, 2017) (The website 

advertises a hands-on course for teaching CRISPR techniques.  This course is aimed at 

researchers having basic skills in cellular and molecular biology, with no previous experience in 

CRISPR required.  Those taking the course do not need to have an advanced science degree). 
43 Araki & Ishii, supra note 10, at 2. 
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Although these CRISPR-Cas9 reagents are intended for experimental use only, they can be used 

for production of GMHs, and their cost is only a fraction of a typical IVF treatment.44 

Attempts to regulate GMH production has been piecemeal across different countries.45 

Scientific organizations have attempted to rein in scientists and clinicians by calling for a 

moratorium on the production of GMHs.46 The Council of Europe has also formulated an 

international treaty, known as the Oviedo Convention, which prohibits the production of GMHs.47 

This treaty is currently ratified by 29 countries.48 A cloning ban was adopted by the United Nations 

in 2005.49 However, the ban fails to adequately cover newer technologies that modify, rather than 

clone, human genomes.50 Countries that did not ratify the Oviedo Convention would have to 

depend on their own legislative and regulatory agencies to ensure legal protection against the 

production of GMHs.51 Thus, the demand for GMHs, the low cost of GMH technology, and the 

lack of an international ban of GMHs have created a palpable risk that GMHs could now be 

produced by any country that has the technology and lacks the proper legislation or regulation.52 

D. THE HUMAN GERMLINE MODIFICATION INDEX 

As aforementioned, countries need only require the addition of three items to create a 

GMH: an IVF clinic, biotech-trained personnel, and a non-restrictive regulatory apparatus.53 The 

                                                      
44

 See IVF-WORLDWIDE, http://www.ivf-worldwide.com/education/introduction/ivf-costs-

worldwide/the-costs-of-ivf-in-different-countries.html (last visited Aug. 19, 2017) (listing the 

prices for IVF in numerous countries). 
45 Araki & Ishii, supra note 10, at 8-9. 
46 McCarthy, supra note 32, at 1. 
47 Convention for the protection of Human Rights and Dignity of the Human Being with regard 

to the Application of Biology and Medicine: Convention on Human Rights and Biomedicine, Ch. 

4 Art. 13, Apr. 4, 1997, E.T.S. 164 [hereinafter Orveido Convention].  
48 Id. 
49 G.A. Res. A59/280, § B, United Nations Declaration on Human Cloning (Mar. 8, 2005). 
50 See Id. at § C (Section C prohibits human genetic modification that is “contrary to human 

dignity.” Therapeutic use of this technology would likely be considered not contrary to human 

dignity). 
51 Araki & Ishii, supra note 10, at 8, 10. 
52 Araki & Ishii, supra note 10, at 9; Ledford, supra note 35, at 21.  
53 See Araki & Ishii, supra note 10, at 2, 9 (besides access to an IVF clinic and a relaxed 

regulatory process, the authors infer that a country would need trained personnel to perform the 

CRISPR technique). 
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HGMI combines all three of these components into a single index, which can be used to help 

predict which countries are most likely to produce GMHs.54 To calculate the Index, the three 

components were evaluated and quantified separately.55  

E. IN VITRO FERTILIZATION CLINICS 

In an in-vitro fertilization clinic, a woman’s ovaries are stimulated to ovulate, and the 

resultant eggs are collected and fertilized with sperm in a small container of media.56 The resultant 

fertilized egg, or zygote, undergoes embryo culture for up to a week before transfer back into the 

uterus, and development resumes.57 For GMH production, IVF would be used in a similar fashion, 

with the only difference being a point in time where the CRISPR-Cas9 reagents are microinjected 

into the embryo or transfected using lipid reagents.58  

After its development in 1978, IVF first spread to other industrialized countries, with 53 

countries developing their own IVF clinics within 15 years.59 Four decades later, IVF use is nearly 

ubiquitous, with 132 countries supporting IVF clinics.60 Countries capable of performing IVF are 

given a score of three in the HGMI.61  

F. BIOTECHNOLOGY INFRASTRUCTURE  

                                                      
54 See Infra Appendix, at Table 1 (listing every country in the world, and providing information 

for each country regarding clinical capabilities); see Infra Appendix, at Table 2 (listing every 

country in the world, and providing information for each country regarding technical 

infrastructures); see Infra Appendix, at Table 3 (listing every country in the world, and providing 

information for each country regarding biotech regulatory frameworks); See Infra Appendix, at 

Table 4 (listing every country in the world and assigning each country a score based on the three 

categories in Tables 1-3 to generate a HGMI score that indicates the risk that a country will 

produce a modified human). 
55 See Infra Appendix.  
56 Basak Balaban et al., Laboratory Procedures for Human In Vitro Fertilization, 32 SEMINARS 

IN REPROD MED. 272, 273 (2014). 
57 Id. at 279. 
58 F Ann Ran et al., Genome engineering using the CRISPR-Cas9 system, 8 NATURE PROTOCOLS 

2281, 2282 (2013). 
59 Yoseff Ezra & Joseph G. Schenker, Appraisal of In Vitro Fertilization, 48 EUR. J. OF 

OBSTETRICS & GYNECOLOGY REPROD. BIOLOGY 127, 127 (1993). 
60 See Infra Appendix, at Table 1. 
61 See Infra Appendix, at Table 1. 
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Countries that perform genetic methods like CRISPR-Cas9 require a biotechnological 

infrastructure: a core group of knowledgeable scientists and clinicians that have the skills to design, 

produce, and use CRISPR-Cas9 reagents.62 Academic institutions are typically major players in a 

country’s biotechnology infrastructure.63 Biotech researchers within academic institutions often 

rely on authorship of peer-reviewed publications as a measurement of their status within the 

institution, as well as a way to communicate with other laboratories for possible collaboration.64 

Thus, searching through scientific bibliographical databases, such as Medline, should be a 

competent method for determining a country’s biotechnology infrastructure and their ability to 

perform CRISPR-Cas9.65 This method has been used similarly to determine wholesale science 

comparisons between countries.66  

For the HGMI, two methods of determining biotechnology infrastructure were used.67 

First, Medline was used to search for publications where CRISPR-Cas9 was used experimentally 

and that the corresponding author was from the country of interest.68 Using these guidelines, 22 

countries that have IVF clinics also published on CRISPR-Cas9, and had three points added to 

their HGMI score.69 Second, because CRISPR-Cas9 is a relatively new technology, there is a 

possibility that there are countries that also have the ability to use CRISPR-Cas9, but have not as 

yet published results using this method.70 To identify countries that likely used, but have not yet 

published on, CRISPR-cas9 technology, the Index includes countries that have published results 

                                                      
62 See generally Wondwossen A. Gebreyes et al. The Global One Health Paradigm: Challenges 

and Opportunities for Tackling Infectious Diseases at the Human, Animal, and Environment 

Interface in Low-Resource Settings, 8 PLOS NEGLECTED TROPICAL DISEASES 1 (2014) (The 

author states that a biotechnological infrastructure, consisting of academic and industry partners, 

is required for successful development of a country’s disease prevention program. Similarly, 

development of a gene modification laboratory would likely require the collaboration of 

academic and industry leaders). 
63 Id. at 2.  
64 Christopher R. Carpenter et al., Using Publication Metrics to Highlight Academic Productivity 

and Research Impact, 21 ACAD. EMERGENCY MED. 1160, 1160 (2014). 
65 See Id. 
66 OECD, OECD Science, Technology and Industry Scoreboard 2015: Innovation for growth and 

society 106 (2015). 
67 See Infra Appendix, at Table 2. 
68 See Infra Appendix, at Table 2. 
69 See Infra Appendix, at Table 2.  
70 See Infra Appendix, at Table 2. 
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using the RNA interference reagents siRNA (“short interfering RNA”) or shRNA (“short hairpin 

RNA”).71 When injected or transfected into cells, siRNA/shRNA bind to target mRNA, cleaving 

them, and resulting in lower protein expression.72 siRNA/shRNAs are similar to CRISPR-Cas9 

reagents, as the reagents are designed to target a nuclear acid sequence, and are injected or 

transfected into cells.73 A laboratory that is competent in designing and using siRNA/shRNA is 

also competent to use CRISPR-Cas9.74 In the HGMI, there are currently 40 countries that have not 

published on CRISPR-Cas9, but have published on either siRNA or shRNA, resulting in the 

addition of two point to their HGMI score.75 

G. REGULATORY LANDSCAPE  

Araki and Ishii were the first bioethicists to publish on the state of international regulatory 

guidelines of GMHs in the CRISPR age.76 In looking at 39 mostly-industrialized countries, Araki 

found that while some countries had legislation in place that banned the production of GMHs, 

many countries placed non-legislative regulations on the practice.77 Many legislative and 

regulatory efforts were also ambiguous in nature, and provided possible loopholes where GMHs 

could be produced.78 This study also implies that countries that have recently acquired the 

technology to make GMHs should pursue legislative or regulatory guidelines to properly address 

these technological advances.79  

                                                      
71 See Infra Appendix, at Table 2. 
72 Peter F. Renz & Tobias A. Beyer, A Concise Protocol for siRNA-Mediated Gene Suppression 

in Human Embryonic Stem Cells, 1341 METHODS IN MOLECULAR BIOLOGY 369, 370 (2016). 
73 Id. 
74 See Michael Boettcher & Michael T. McManus, Choosing the Right Tool for the Job: RNAi, 

TALEN, or CRISPR, 58 MOLECULAR CELL 575, 581-82 (2015) (This manuscript describes how 

CRISPR is overtaking siRNA technology as the molecular biologist’s tool of choice, implying 

along the way that there is no leap of technological expertise required for the switch from siRNA 

to CRISPR). 
75 See Infra Appendix, at Table 2. 
76 Araki & Ishii, supra note 10, at 8. 
77 Id. 
78 See Id. (the authors imply that countries with ambiguous rules regarding human genetic 

modification would not effectively ban this practice). 
79 Id. at 10. 
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Since 2008, the Center for Genetics and Society has maintained a website, available at: 

www.biopolicywiki.org, dedicated to collecting data on national laws and rules on a host of 

reproductive technologies, including production of GMHs.80 This database, possesses legislative 

and regulatory data on 23 countries not included in the Araki manuscript.81 The HGMI has 

combined data from both the Araki paper and the biopolicy.org website.82 Countries that have an 

outright legislative ban against production of GMHs have the lowest risk of producing GMHs, and 

were given a score of zero; countries that have non-legislative regulatory bans were given a score 

of one; countries that have no known legislative or regulatory bans against the production of 

GMHs, but have ratified the Oveido Convention were given a score of two; countries with no 

indication of any legislative, regulatory, or regional/international agreements against these 

technologies were given a score of three.83 Finally, any country that explicitly allows for the 

production of GMHs was given a score of four.84 

At first glance, the Index gives some straightforward views on the global risk for producing 

GMHs.85 Countries with low indices (four or less) predominately came from industrially 

underdeveloped countries.86 Countries with moderate indices (five to six) were either highly 

advanced, and highly regulated countries, such as United States and China, or countries with IVF 

clinics, but had no biotechnology infrastructure or regulation, such as Sudan and Haiti.87 Twenty-

six countries were given high index scores (seven and above), and were predominately in countries 

with emerging biotechnology industries with little regulatory control, such as Argentina and 

Kuwait.88 Of this high index group only Iran, Malaysia, Taiwan, and the Philippines had the 

highest score of nine.89  

                                                      
80 BIOPOLICYWIKI, http://www.biopolicywiki.org (last visited Nov. 4, 2017). 
81 See Infra Appendix. 
82 See Infra Appendix, at Table 3. 
83 See Infra Appendix, at Table 3.  
84 See Infra Table 1; See Infra Table 2; See Infra Table 3; See Infra Table 4. 
85 See Infra Appendix. 
86 See Infra Appendix, at Table 4. 
87 See Infra Appendix, at Table 4. 
88 See Infra Appendix, at Table 4. 
89 See Infra Appendix, at Table 1 (referring to Iran, Malaysia, Taiwan, and the Philippines); see 

Infra Appendix, at Table 2 (referring to Iran, Malaysia, Taiwan, and the Philippines); see Infra 
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1. The Philippines 

The Philippines currently have at least four IVF clinics.90 Although the Philippines does not 

have an advanced biomedical industry for human medicine, it houses the International Rice 

Research Institute (“IRRI”), which offers the most advanced biotechnological methods for the 

cultivation of rice.91 These methods include the use of CRISPR-Cas9 in creating germline 

mutations, which resulted in publication.92 The corresponding author in this study, Anindya 

Bandyopadhyay, is well trained in CRISPR-Cas9 technology, and would not have difficulty in 

designing CRISPR-Cas9 reagents for human use, rather than for rice.93  

The Philippines appears to not have any legislative or regulatory ban on the production of 

GMHs.94 However, agricultural biotechnology in the Philippines is regulated by the National 

Committee on Biosafety of the Philippines (“NCBP”), which was established by executive order 

in 1990.95 The Committee provides extensive oversight on the production of genetically modified 

organisms for use in agriculture.96 Extensive regulation in this sector of biotechnology suggests 

that similar regulation will occur once the medical biotechnology sector becomes more 

developed.97 Furthermore, the Philippines is predominately Roman Catholic, comprising over 80% 

of the population.98 IVF is generally prohibited by Roman Catholic Law, which would likely lower 

                                                      

Appendix, at Table 3 (referring to Iran, Malaysia, Taiwan, and the Philippines); see Infra 

Appendix, at Table 4 (referring to  Iran, Malaysia, Taiwan, and the Philippines).  
90 IVF-WORLDWIDE,  http://www.ivf-worldwide.com/ivf-directory/233-philippines.html (last 

visited Nov. 4, 2017). 
91 INTERNATIONAL RICE RESEARCH INSTITUTE, http://irri.org/about-us/our-organization/plant-

breeding-genetics-and-biotechnology-division (last visited Nov. 4, 2017). 
92 Xiaojia Yin et al,. CRISPR-Cas9 and CRISPR-Cpf1 mediated targeting of a stomatal 

developmental gene EPFL9 in rice, 36 PLANT CELL REP 745, 745 (2017). 
93 INTERNATIONAL RICE RESEARCH INSTITUTE, http://irri.org/about-us/our-

people/specialists/anindya-bandyopadhyay (last visited Nov. 4, 2017). 
94 See Infra Appendix, at Table 3. 
95 Constituting the National Committee on Biosafety (NCBP) and for Other Purposes, §1, 

Recitals, Exec. Ord. No. 430 (Oct. 15, 1990) (Phil.).  
96 Id. at § 4. 
97 See Id. 
98 CENTRAL INTELLIGENCE AGENCY, https://www.cia.gov/library/publications/the-world-

factbook/geos/rp.html (last visited Nov. 4, 2017). 
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the use of CRISPR-Cas9 for human germline purposes in this country.99 Of the four high-risk 

countries in the HGMI, the Philippines likely has the lowest risk of producing a GMH.100 

2. Iran  

Since the mid 1980’s, Iran has developed an extensive biotechnology program, as evidenced 

by its publication record as well as the development of its research facilities.101 In 2012, Iran had 

the fastest growing science output worldwide, as determined by peer-reviewed publications.102 

One particular research facility of interest is the Avicenna Research Institute.103 This research 

center houses the Reproductive Biotechnology Research Center, as well as the Avicenna Infertility 

Clinic, where IVF is commonly performed.104  

As a theocracy, Iran‘s legal code is heavily influenced by Islamic law.105 The legislative 

branch of Iran, the Islamic Consultative Assembly, cannot enact laws contrary to the principles of 

Islamic teachings.106 To date, the Islamic Consultative Assembly has not legislated any laws for 

or against production of GMHs.107 The Islamic Fiqh Council, an affiliate of the Muslim World 

League that issues rulings based on interpretation of Islamic texts and traditions, has ruled that 

production of GMHs is acceptable if it is to cure disease.108 The Islamic Fiqh Council had ruled 

                                                      
99 JOSEPH RATZINGER, CONGREGATION FOR THE DOCTRINE OF THE FAITH, INSTRUCTION ON 

RESPECT FOR HUMAN LIFE IN ITS ORIGIN AND ON THE DIGNITY OF PROCREATION: REPLIES TO 

CERTAIN QUESTIONS OF THE DAY II(B)(5) (1987).  
100 See Infra Appendix. 
101 TAHEREH MIREMADI, BIOTECHNOLOGY IN IRAN: A STUDY OF THE STRUCTURE AND FUNCTIONS 

OF THE TECHNOLOGY INNOVATION SYSTEM 139-140 (SCIENCE AND INNOVATION IN IRAN 2013). 
102 Shahin Akhondzadeh, Iranian science shows world’s fastest growth: ranks 17th in science 

production in 2012, 5 AVICENNA J. MED. BIOTECHNOLOGY 139, 139 (2013). 
103 OMICS INTERNATIONAL, 

https://www.omicsonline.org/universities/Avicenna_Research_Institute/ (last visited Nov. 8, 

2017). 
104 AVICENNA FERTILITY CENTER, https://www.avic.ir/en (last visited Nov. 4, 2017). 
105 CONSTITUTION OF THE ISLAMIC REPUBLIC OF IRAN, Oct. 24, 1979, Art. 72. 
106 Id. 
107 See Infra Appendix, at Table 3.  
108 The Islamic Fiqh Council, 15th Sess., Oct. 31 – Nov. 4, 1998, 11-15 Rajab 1419H, available 

at http://en.themwl.org/2012/05/23/resolutions-of-the-islamic-fiqh-council-15th-session-1419h 

[hereinafter Islamic Fiqh Council 15th Session]. 

http://en.themwl.org/2012/05/23/resolutions-of-the-islamic-fiqh-council-15th-session-1419h
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previously that IVF is also acceptable, so long as both egg and sperm come from the same 

couple.109  

The demand for GMHs in Iran may be higher than other countries due to the increasing 

number of genetic diseases that arise in Iran resulting from consanguinity.110 It is estimated that 

over 38% of all marriages in Iran involve blood related individuals, with over 25% involving first 

cousins.111 In some rural pockets, the rate of consanguinity was as high as 86%.112 For these 

reasons, Iran has high rates of autosomal recessive genetic diseases, such as beta-thalassemia.113 

The high rates of consanguinity and specific genetic disease in Iran, combined with Iran’s highly 

developed biotechnological and reproductive medicine technologies, may provide a perfect storm 

that will result in GMH production.114 

3. Taiwan 

Taiwan possesses the most advanced biotechnology industry of the high HGMI scoring 

group, with research and development spending at over 33 billion dollars in 2015 alone.115 The 

island nation has at least two IVF clinics, where it has already performed a subtype of genetic 

modification, mitochondrial transfer, which has resulted in five live births.116 Married couples in 

                                                      
109 The Islamic Fiqh Council, 7th Sess., Jan. 14 – 19, 1983, 11-16 Rabi Al-Aakhir 1404H, 

available at http://en.themwl.org/2012/05/09/202. 
110 Mostafa Saadat & Mahdis Zargami, Consanguineous marriages among Iranian Mandaeans 

living in south-west Iran, J. OF BIOSOCIAL SCI., 1 June 6, 2017, 

https://www.cambridge.org/core/journals/journal-of-biosocial-science/article/consanguineous-

marriages-among-iranian-mandaeans-living-in-southwest-

iran/810D58BF3E40995C3F4FEAD8B8C35DC3. 
111 Mostafa Saadat et al., Consanguineous marriage in Iran, 31 ANNALS OF HUM. BIOLOGY 263, 

263 (2004). 
112 Saadat & Zargami, supra note 111, at 3.  
113 Hossein Najmabadi et al., The beta-thalassemia mutation spectrum in the Iranian population, 

25 HEMOGLOBIN 285, 285 (2001). 
114 See AVICENNA FERTILITY CENTER, supra note 105; Saadat & Zargami, supra note 111, at 1; 

Najmabadi, supra note 114, at 285. 
115 Alex Philippidis, Top Eight Asia Biopharma Clusters 2017, GENETIC ENGINEERING & 

BIOTECHNOLOGY NEWS (June 30, 2017), https://www.genengnews.com/the-lists/top-eight-asia-

biopharma-clusters-2017/77900935.  
116 See Infra Appendix, at Table 1; Chun-Chia Huang et al., Birth after the injection of sperm and 

the cytoplasm of tripronucleate zygotes into metaphase II oocytes in patients with repeated 

http://en.themwl.org/2012/05/09/202
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Taiwan are allowed to receive the full gamut of assisted reproductive technologies, and there is no 

outright ban on human germline modification.117 Overall, Taiwan is highly capable of producing 

GMHs and currently has no legislation or regulation banning the outright production of GMHs.118  

4. Malaysia 

Malaysia has by far the most prolific IVF industry of the high GMHI scoring countries, with 

at least 57 clinics, which is more than the other high scoring countries combined.119 Malaysia’s 

biotech industry is not as developed as that of Taiwan, but was given a boost in June of 2016, when 

the state sponsored Malaysian Bioeconomy Development Corporation was given an expanded role 

for advancing biotech economic development.120 Since 2005, the Malaysian government has set 

goals of generating 5% of their gross national product from the biotech industry.121  

Similar to Iran, Malaysia has a majority Muslim population.122 Article three of the Malaysian 

constitution states that Islam is the official religion of Malaysia.123 The Malaysian government 

consists of a secular federal government with authority over states that are themselves heavily 

                                                      

implantation failure after assisted fertilization procedures, 72 FERTILITY AND STERILITY 702, 

702 (1999).  
117 BIOPOLICYWIKI, http://www.biopolicywiki.org/index.php?title=Taiwan (last visited Nov. 6, 

2017). 
118 See Infra Appendix. 
119 Compare IVF-Worldwide directory, IVF Worldwide (last visited Nov. 6, 

2017), http://www.ivf-worldwide.com/ivf-directory/192-malaysia.html, and IVF-Worldwide 

directory, IVF Worldwide (last visited Nov. 6, 2017), http://www.ivf-worldwide.com/ivf-

directory/3096-fatemieh-infertility-center.html, with IVF-Worldwide directory, IVF 

Worldwide (last visited Nov. 6, 2017), http://www.ivf-worldwide.com/ivf-directory/3106-

victory-art-laboratory-philippines.html, and IVF-Worldwide directory, IVF Worldwide (last 

visited Nov. 6, 2017), http://www.ivf-worldwide.com/ivf-directory/3306-taichung-veteraqns-

general-hospital.html. 
120 Philippidis, supra note 116. 
121 Id. 
122 THE WORLD FACTBOOK, https://www.cia.gov/library/publications/the-world-

factbook/geos/my.html (last visited Nov. 6, 2017). 
123 MALAYSIA: FEDERAL CONSITUTION, Aug. 27, 1957, Art. III. 

http://www.ivf-worldwide.com/ivf-directory/192-malaysia.html
http://www.ivf-worldwide.com/ivf-directory/3096-fatemieh-infertility-center.html
http://www.ivf-worldwide.com/ivf-directory/3096-fatemieh-infertility-center.html
http://www.ivf-worldwide.com/ivf-directory/3106-victory-art-laboratory-philippines.html
http://www.ivf-worldwide.com/ivf-directory/3106-victory-art-laboratory-philippines.html
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influenced by Muslim teachings.124 Therefore, regulation of GMHs in Malaysia would likely be 

affected by both secular and non-secular rules.125 

The federal government of Malaysia has no current legislation banning GMHs.126 In a recent 

meeting held by the National Academy of Sciences and National Academy of Medicine’s 

Committee on Human Gene Editing, Malaysian professor Rahman Jamal confirmed the lack of 

federal law regarding GMHs, but said that the “International Islamic Code for Medical and Health 

Ethics of 2005 provides that the introduction of foreign genetic material into genital cells will 

change their structure, and will initiate effects on future generations and produce mixing of 

lineages, which is not permissible.”127 However, Professor Jamal follows this statement by stating 

that “[t]his Code provides that using genetic engineering for human beings is permissible if it is 

for purposes of disease prevention or therapy, provided that controls are applied to seek benefit, 

avoid harm, and prevent any confusion of lineage.”128 Although Professor Jamal later implies that 

germline editing of humans would be prohibited in Malaysia, there is no dispositive rule or 

regulation that affirms this.129 Malaysia’s increased efforts towards development of their 

biotechnology infrastructure, considerable clinical infrastructure, and lack of regulation gives this 

county a high-risk of producing GMHs.130 

                                                      
124 See Malaysia 2013 International Religious Freedom Report, Bureau of Democracy, Human 

Rights, and Labor, 1-2 (last visited Nov. 6, 

2017), https://www.state.gov/documents/organization/222357.pdf [hereinafter Malaysia 2013 

International Religious Freedom Report]. 
125 See Caroline Simons, In Depth Report from April 29th Paris Human Gene Edit Meeting, The 

Niche: Knoepfler Lab Stem Cell Blog (May 11, 2016), https://ipscell.com/2016/05/meeting-

report-from-april-29th-paris-human-gene-edit-meeting/ (referring to Malaysia’s dual system of 

law when discussing national guidelines regarding reproductive technology in Malaysia). See 

generally Malaysia 2013 International Religious Freedom Report, supra note 125, at 1-2 

(discussing Malaysia’s dual legal system, under which different courts rule on issues pertaining 

to Muslims versus members of the general population). 
126 Simons, supra note 126. 
127 Id. 
128 Id. 
129 Id. 
130 See Infra Appendix; See Philippidis, supra note 116; See IVF-Worldwide directory, supra 

note 120. 

https://www.state.gov/documents/organization/222357.pdf
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The HGMI provides a quick glance at those countries that are at most risk for producing 

GMHs.131 At its first iteration, we see Taiwan, Iran, Malaysia, and the Philippines as those 

countries most at risk for producing GMHs.132 When focusing on these countries, we see the 

Philippines as not as high a risk as the other three, as their only use of the CRISPR-cas9 technology 

is plant-based, that genetic modification is likely against their cultural norms, and that there are 

only a few IVF clinics in the country.133  

III. ARGUMENT 

Although curative in the short run, long-term use of genetic engineering methods that are 

not 100% accurate will be catastrophic for the human population.134 There are many countries that 

now have the clinical and scientific expertise to create humans that have their genetic diseases 

cured at the embryo stage, albeit using genetic engineering methods that are not perfected.135 A 

large subset of these countries have no legislation or regulation that would ban these activities.136 

Therefore, our world human genome is now in peril of being compromised.137 

Development of GMHs using CRISPR-Cas9 methods that are not 100% accurate will 

eventually result in large-scale genetic disease.138 This is so because there are no genome-altering 

methods, such as CRISPR-Cas9, that have been perfected.139 At this moment, a parent could use 

CRISPR-Cas9 to produce children that are free from diseases inherited from the parent, and most 

of the off-target modifications that CRISPR-Cas9 may add to the child’s genome would likely not 

affect the child’s health.140 However, after several generations of imperfect CRISPR-Cas9 usage, 

                                                      
131 See Infra Appendix. 
132 See Infra Appendix, at Table 1 (referring to Iran, Malaysia, Taiwan, and the Philippines); see 

Infra Appendix, at Table 2 (referring to Iran, Malaysia, Taiwan, and the Philippines); see Infra 

Appendix, at Table 3 (referring to Iran, Malaysia, Taiwan, and the Philippines); see Infra 

Appendix, at Table 4 (referring to Iran, Malaysia, Taiwan, and the Philippines). 
133 See IVF-WORLDWIDE, supra note 91; See Yin et al., supra note 93 at 745; See RATZINGER, 

supra note 100. 
134 See Lanphier et al., supra note 33, at 410-11. 
135 See Infra Appendix; see Liang et al., supra note 2, at 368. 
136 See Infra Appendix, at Table 3. 
137 Lanphier et al., supra note 33, at 410-11. 
138 See Id.  
139 Id. 
140 See Id.  
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these small mutations would aggregate within the world population, spawning numerous genetic 

problems that may be more difficult to treat.141   

The HGMI has identified four countries that are at high-risk of using unperfected CRISPR-

Cas9 methods for the production of GMHs: Iran, Malaysia, Taiwan, and the Philippines.142 Iran 

has well-established fertility clinics that perform IVF, as well as an increasingly advanced 

biotechnological infrastructure.143 Iran may be particularly tempted to use CRISPR-Cas9 with IVF 

to cure genetic diseases, particularly in regions of high consanguinity where genetic diseases such 

as thalassemia are endemic.144 Taiwan has already performed a type of human genetic engineering 

with mitochondrial DNA, and could use their clinical and biotech resources to take this human 

engineering one step further.145 Malaysia has numerous IVF clinics and a government that is 

pushing its country to compete in the world biotech marketplace: conditions that may stimulate 

GMH research and production.146 Cultural forces in Iran, Malaysia, and Taiwan appear not to 

condemn the practice of genetic engineering in humans, as long as the efforts are therapeutic in 

nature.147 Catholic influence in the Philippines may stifle interest in producing GMHs.148 However, 

the Philippines has shown that they have the biotech acumen and IVF clinics necessary to perform 

such tasks.149 Each country in the high-risk category possesses the scientific capacity for 

performing CRISPR-Cas9 in an IVF setting to produce a genetically altered child.150 

                                                      
141 Id. (The authors imply that small mistakes in human genetic modification would, over time, 

result in large negative effects). 
142 See Infra Appendix, at Table 4. 
143 See MIREMADI, supra note 102, at 139-40; see AVICENNA FERTILITY CENTER, supra note 105. 
144 See Saadat et al., supra note 112, at 263; see Najmabadi et al., supra note 114, at 285. 
145 See Huang et al., supra note 117 at 702; see Philippidis, supra note 116. 
146 See IVF-Worldwide directory, supra note 120; See Philippidis, supra note 116. 
147 See Islamic Fiqh Council 15th Session, supra note 109; see Simons, supra note 

126; see Huang et al., supra note 117, at 701 (The publication of a mitochondrial transfer study 

in Taiwan indicates that the country has a relaxed view of human genetic modification). 
148 See INTERNATIONAL RICE RESEARCH INSTITUTE, supra note 92; See Yin et al., supra note 93 

at 745, See INTERNATIONAL RICE RESEARCH INSTITUTE, supra note 94; See CENTRAL 

INTELLIGENCE AGENCY, supra note 99. 
149 See IVF-WORLDWIDE supra note 91; See INTERNATIONAL RICE RESEARCH INSTITUTE, supra 

note 92; See Yin et al., supra note 93, at 745; See INTERNATIONAL RICE RESEARCH INSTITUTE, 

supra note 94.  
150 See Infra Appendix. 
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The mere ability of a country to produce a GMH does not mean a country is at high-risk 

for making that happen. 151 Rather, the high-risk of a country using unperfected CRISPR-Cas9 in 

IVF comes mainly from the lack of legislation or regulation that these countries have to control 

these technologies.152 In theocratic Iran, the Islamic Fiqh Council has issued rulings that suggest 

they would find this technology acceptable for use in humans.153 Similar sentiments are likely 

within the Muslim-ruled states in Malaysia, where the Federal government has yet to legislate on 

this topic.154 The governments of Taiwan and Philippines are also silent on the legality of GMH 

production.155 The lack of any legislative or regulatory control on GMHs by these countries 

essentially gives a green light to those people who intend to cure genetic diseases at the embryonic 

stage.156 

The world is currently at risk of initiating an irreversible and cataclysmic process upon the 

human genome.157 By calling attention to those countries that have the capability to create GMHs, 

while lacking the regulation to prevent GMH production, the HGMI intends to induce world 

leaders to implore these countries to develop regulations that will prevent the creation of GMHs 

by unperfected means.158 

IV. CONCLUSION 

Since its discovery and implementation in eukaryotic systems, the CRISPR-Cas9 method 

has revolutionized how scientists create transgenic animals.159 This revolution now requires 

governments to make decisions on whether to allow this method to produce modified humans.160 

Current opinion from most scientists suggests that modifying humans now is premature, as the 

process needs to be refined.161 However, the need for parents to have children without genetic 

                                                      
151 Araki & Ishii, supra note 10, at 8.  
152 Id. at 10.  
153 See Simons, supra note 126.  
154 See Infra Appendix, at Table 3. 
155 See Infra Appendix, at Table 3 (referring to Taiwan and the Philippines).  
156 See Araki & Ishii, supra note 10, at 10; see Lanphier et al., supra note 33, at 410-11. 
157  Lanphier et al., supra note 33, at 410-11. 
158 See Infra Appendix. 
159 Araki & Ishii, supra note 10, at 2. 
160 Id. at 10. 
161 Lanphier et al., supra note 33, at 410-11. 
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disease will likely push forward the production of GMHs, particularly in countries that have no 

legislative or regulatory ban against it.162  

The HGMI seeks to find which countries are most at risk for using CRISPR-Cas9 clinically 

in germline modifications. In building the HGMI database, we see that the number of countries 

that have IVF clinics is quite large, as is the number of countries with IVF clinics that are also 

competent in using CRISPR-Cas9 and CRISPR-Cas9-like techniques. The dearth of IVF and 

biotech competent countries with adequate legislation for genetic modification of humans is 

troubling. Countries need to modernize their legislative and regulatory systems to ensure that 

premature use of CRISPR-Cas9 in the human germline is prevented, saving the collective human 

genome from future cataclysm. 

                                                      
162 Araki & Ishii, supra note 10, at 4, 10; Lanphier et al., supra note 33, at 410-11. 
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APPENDIX 

The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Abkhazia   0 

Afghanistan   0 

Albania 

Ursula Fertility Center  

Rr.Myslym Shyri  

Tirana, Albania 

http://fertility.treatmentabroa

d.com/clinics/ursula-fertility-

center-Tirana-Albania 

3 

Algeria 

TIZIRI Private IVF Center  

Address: 01,rue des freres djeroud  

El Biar Algiers 

City:Algiers  

Zip Code:16000  

Country:Algeria  

Telephone number:00213772664757  

Fax:0021321907000  

Unit Director:Amina Oumeziane  

Unit Services 

http://www.ivf-

worldwide.com/ivf-

directory/3603-tiziri-private-

ivf-center.html 

3 

Andorra   0 

Angola   0 

Antigua and 

Barbuda 
  0 

Argentina 

Mater Medicina Reproductiva  

Address: Indalecio Gomez 260 

City:Salta  

Country:Argentina  

Telephone number:54 387 422 0601  

Fax:54 387 422 0601  

Unit Director:Pablo Rodriguez Faraldo 

http://www.ivf-

worldwide.com/ivf-

directory/3018-mater-

medicina-reproductiva.html 

3 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Armenia 

VITROMED Reproductive Health Center  

Address: 123, Armenakyan str 

City:Yerevan  

Zip Code:0047  

Country:Armenia  

Telephone number:+37410653434 

 Fax:+37410654343  

Unit Director:Mr. Hakob Melikyan  

Websitehttp://www.vitromed.am 

http://www.ivf-

worldwide.com/ivf-

directory/3711-vitromed-

reproductive-health-

center.html 

3 

Australia 

Repromed Darwin  

Address: Rocklands Drive  

City:Tiwi  

Zip Code:810  

Country:Australia  

Telephone number:+61 (0)8 8945 4211  

Fax:+61 (0)8 8945 4255  

Unit Director:Dr. Stephanie Girle   

Websitehttp://www.repromed.com.au 

http://www.ivf-

worldwide.com/ivf-

directory/391-repromed-

darwin.html 

3 

Austria 

Das Kinderwunsch Institut Schenk GmbH  

Address: Am Sendergrund 11 

City:Dobl Styria  

Zip Code:8143  

Country:Austria  

Telephone number:+43 3136 55 111 22  

Fax:+43 3136 55111 15  

Websitehttp://www.kinderwunsch-institut.at 

http://www.ivf-

worldwide.com/ivf-

directory/1540-das-

kinderwunsch-institut-

schenk-gmbh.html 

3 

Azerbaijan 

AVA Clinic- Baku  

Address: I. Hidayetzade str. 1911-yard 

City:Baku  

Zip Code:1033  

Country:Azerbaijan  

Telephone number:+994 12 567 8910  

Fax:+994 50 208 0367  

Websitehttp://www.avaclinic.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/856-ava-clinic-

baku.html 

3 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Bahamas 

IVF Bahamas Ltd. P.O.Box CB-13839,   

Nassau, Bahamas.  

Tel: 242-322-6619  

Fax: 242-322-0731 

http://blitzbitztechnology.com

/ivfbahamas.com/contact.html 
3 

Bahrain 

Janeen Fertility and Genetic center  

Address: 4TH FLOOR , IBN AL NAFEES 

HOSPITAL POBOX 54533 

City:MANAMA Zip Code:973  

Country:Bahrain  

Telephone number:00973 17828207  

Fax:00973-17689959  

Unit Director:Dr Shaikha Al Arrayed, 

MBCHB,DHCG,PHD 

http://www.ivf-

worldwide.com/ivf-

directory/4041-janeen-

fertility-and-genetic-

center.html 

3 

Bangladesh 

ICRC  

Address: humayun road  

City:dhaka  

Zip Code:1207  

Country:Bangladesh  

Unit Director:Dr Rashida Begum 

http://www.ivf-

worldwide.com/ivf-

directory/3830-icrc.html 

3 

Barbados 

Barbados Fertility Centre  

Address: Seaston House Hastings 

City:Christ Church  

Country:Barbados  

Telephone number:+1 246 435 7467  

Fax:+1 246 436 7467  

Unit Director:Dr. Juliet Skinner  

Websitehttp://www.barbadosivf.org/welcome.htm 

http://www.ivf-

worldwide.com/ivf-

directory/857-barbados-

fertility-centre.html 

3 

Belarus 

Gomel Medical Genetic Center  

Address: Kirova 57 

City:Gomel  

Zip Code:246000  

Country:Belarus  

Telephone number:+ 0232 558789 526240  

Fax:+0232 555468 

http://www.ivf-

worldwide.com/ivf-

directory/858-gomel-medical-

genetic-center.html 

3 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Belgium 

Virga Jesse Ziekenhuis 

Address: Stadsomvaart 11 

City:Hasselt  

Zip Code:3500  

Country:Belgium  

Telephone number:+32 (0)11 30 97 10  

Fax:011 30 84 48  

Unit Director:Dr. A. Wisanto  

Websitehttp://www.virgajesse.be 

http://www.ivf-

worldwide.com/ivf-

directory/876-virga-jesse-

ziekenhuis.html 

3 

Belize   0 

Benin   0 

Bhutan   0 

Bolivia 

Centro De Fertilidad Y Ginecologia Del Sur  

Address: Calle Lechugal 405 Oficina 212 

City:Cusco  

Country:Peru  

Telephone number:51-84-229835, 51-84-

984109498  

Unit Director:Dr. Luis Vargas Tominaga  

Websitehttp://www.fertilidadcusco.com 

http://www.ivf-

worldwide.com/ivf-

directory/2042-centro-de-

fertilidad-y-ginecologia-del-

sur.html 

3 

Bosnia and 

Herzegovina 

Medico-S 

 Address: Jevrejska 58/ a 

City:Banja Luka  

Zip Code:78000  

Country:Bosnia and Herzegovina  

Telephone number:00387 51 309-777  

Fax:00387 51 346-404  

Unit Director:Assis.Prof. Sanja Sibincic MD  

Websitehttp://www.medico-s.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/3297-medico-s.html 

3 

Botswana   0 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Brazil 

LAVITTA - CENTRO DE 

MEDICIN.REPROD.AMAZONAS 

Address: RUA MONSENHOR COUTINHO, 656 

City:MANAUS  

Zip Code:69010110  

Country:Brazil  

Telephone number:55-92-3234-8890  

Fax:55-92-3231-1713  

Unit Director:LOURIVALDO R. SOUZA  

Websitehttp://lavitta.net 

http://www.ivf-

worldwide.com/ivf-

directory/3606-lavitta-centro-

de-

medicinreprodamazonas.html 

3 

Brunei Jerudong Park Medical Centre 

http://www.jpmc.com.bn/the-

jerudong-park-medical-

centre-partners-with-

sengenics-brunei-sdn-bhd-

for-in-vitro-fertilisation-

genetic-screening/ 

3 

Bulgaria 

Clinical Institute for Reproductive Medicine  

Address: 20 Scobelev Blvd. 

City:Pleven  

Country:Bulgaria  

Telephone number:+64 804 790  

Fax:+64 804 847  

Unit Director:Emiliana Konova, MD, PhD  

Websitehttp://www.ivfpleven.com 

http://www.ivf-

worldwide.com/ivf-

directory/3061-clinical-

institute-for-reproductive-

medicine.html 

3 

Burkina Faso 

Clinique La Gracemarie 

Address: 11 bp 998 cms 11 

City:ouagadougou  

Country:Burkina Faso  

Telephone number:0022650341816  

Fax:0022650341816  

Unit Director:Dr Eric Konyaole 

http://www.ivf-

worldwide.com/ivf-

directory/3313-clinique-la-

gracemarie.html 

3 

Burundi   0 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Cambodia 

Fertility Clinic of Cambodia  

Address: #31, Street 178, Daun Penh District 

City:Phnom Penh  

Country:Cambodia  

Telephone number:(+855) 12 35 53 08  

Unit Director:Mr. Hor Samnang Website 

http://www.fertilityclinic.com.kh/ 

http://www.ivf-

worldwide.com/ivf-

directory/3991-fertility-clinic-

of-cambodia.html 

3 

Cameroon 

Clinique Médicale Odyssée  

Address: PO box 3702  

City:DOUALA  

Country:Cameroon  

Telephone number:+ 237 33 42 82 20  

Fax:+ 237 33 43 36 37  

Unit Director:Dr Gwet Bell Ernestine   

Websitehttp://www.cliniqueodyssee.com 

http://www.ivf-

worldwide.com/ivf-

directory/3364-clinique-

medicale-odyssee.html 

3 

Canada 

Artus Centre Department of Obstetrics and 

Gynecology  

Address: 103 Hospital Drive Royal University 

Hospital 

City:Saskatoon  

Zip Code:S7N 0W8  

Country:Canada  

Telephone number:306 966 2729  

Fax:306 966 8040  

Unit Director:Olufemi (Femi) A. Olatunbosun 

MD  

Websitehttp://www.medicine.usask.ca/medicine/o

bgyn/ 

http://www.ivf-

worldwide.com/ivf-

directory/667-artus-centre-

department-of-obstetrics-and-

gynecology.html 

3 

Cape Verde   0 

Central 

African 

Republic 

  0 

Chad   0 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Chile 

Instituto De Medicina Reproductiva Concepcion  

Address: Junge 75-A 8 Piso 

City:Concepcion  

Country:Chile  

Telephone number:041 733180 041 733198  

Unit Director:Dr. Italo Ciuffardi Cozzani  

Websitehttp://www.imr.cl 

http://www.ivf-

worldwide.com/ivf-

directory/669-instituto-de-

medicina-reproductiva-

concepcion.html 

3 

China 

The Center for Reproductive  

Address: Victory South st 

City:Yinchuan  

Zip Code:750004  

Country:China  

number:+86-951-6743715  

Fax:+86-951-6743179  

Unit Director:Xian Xu  

Websitehttp://www.nyfy.com.cn/deptInfob/index.

asp?deptId=29 

http://www.ivf-

worldwide.com/ivf-

directory/3761-the-center-for-

reproductive.html 

3 

Colombia 

Reprotec  

Address: Av. 9 No. 117-20 Piso 4 

City:Bogota  

Country:Colombia  

Telephone number:+571 215 1807 +571 214 6220  

Fax:+571 637 4401  

Unit Director:Andres Gutierrez Aparicio M. D  

Websitehttp://www.reprotectucentro.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/624-reprotec.html 

3 

Comoros   0 

Cook Islands   0 

Costa Rica 

Centro Fecundar- Costa Rica  

Address: Hospital CIMA San Jose, consultorios 

417-419Jose  

Country:Costa Rica  

Telephone number:+506 2208 8419 +506 2258 

1485  

Unit Director:Dr. Ariel Perez Young Dr. Claudio 

Regueyra Edelman  

Websitehttp://www.centrofecundar.com 

http://www.ivf-

worldwide.com/ivf-

directory/1085-centro-

fecundar-costa-rica.html 

3 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Côte d'Ivoire   0 

Croatia 

Poliklinika Cito  

Address: Moliških Hrvata 4 

City:Split  

Zip Code:21000  

Country:Croatia  

Telephone number:+38521457800 

Fax:+38521457805  

Unit Director:Boris Poljak  

Websitehttp://www.cito.hr 

http://www.ivf-

worldwide.com/ivf-

directory/2952-poliklinika-

cito.html 

3 

Cuba 

Hamidreza  

Address: cuba 

City:havana  

Zip Code:00537  

Country:Cuba  

Telephone number:2141056 

http://www.ivf-

worldwide.com/ivf-

directory/3022-

hamidreza.html 

3 

Cyprus 

Fertility Center - Akeso Address: Penelopis 11 

City:Nicosia Zip Code:1076  

Country:Cyprus  

Telephone number:+357 2 766222 Fax:+357 2 

769800  

Unit Director:Dr. Michalis Pelekanos Dr. 

Charalambos Sergiou  

Websitehttp://www.cfc.com.cy/ 

http://www.ivf-

worldwide.com/ivf-

directory/537-fertility-center-

akeso.html 

3 

Czech 

Republic 

GENNET Liberec  

Address: Liliova 1 

City:Liberec  

Zip Code:46001  

Country:Czech Republic  

Telephone number:420 483 101 300  

Fax:420 483 101 399  

Websitehttp://www.gennet.eu 

http://www.ivf-

worldwide.com/ivf-

directory/449-gennet-

liberec.html 

3 

Democratic 

Republic of the 

Congo 

Kinshasa hospital 
http://news.bbc.co.uk/2/hi/afri

ca/2191355.stm 
3 
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The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Denmark 

Fertilitetsklinikken Regionshospitalet Skive  

Address: Resensvej 25 

City:Skive  

Zip Code:7800  

Country:Denmark  

Telephone number:+45 89 27 27 27  

Websitehttp://www.sygehusviborg.dk 

http://www.ivf-

worldwide.com/ivf-

directory/3209-

fertilitetsklinikken-

regionshospitalet-skive.html 

3 

Djibouti   0 

Dominica   0 

Dominican 

Republic 

Fertilam  

Address: Av. Pedro Henríquez Ureña No.137, 

Suite 509 

City:Santo Domingo  

Zip Code:00000  

Telephone number:809-732-0290  

Unit Director:Alexis Martinez, MD 

http://www.ivf-

worldwide.com/ivf-

directory/3883-fertilam.html 

3 

East Timor   0 

Ecuador 

Endogyn Manabi 

 Address: Ed. Argomed Calle Carmen y Junin  

City:Portoviejo Manabi  

Country:Ecuador  

Telephone number:52930676  

Unit Director:Dr. Geovanni Luque  

Websitehttp://www.endogyn.com.ec/ 

http://www.ivf-

worldwide.com/ivf-

directory/585-endogyn-

manabi.html 

3 

Egypt 

Alahram Fertility Center 

Address: Gehan st. over Delta hospital 

City:Mansoura  

Country:Egypt  

Telephone number:002 0128550505  

Fax:002 050 2241705  

Unit Director:Muhammad Fawzy  

Websitehttp://www.alahram-fc.com 

http://www.ivf-

worldwide.com/ivf-

directory/3405-alahram-

fertility-center.html 

3 
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Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

El Salvador 

Repromedic - Centro De Fertilidad  

Address: Medicentro Plaza, local 13, planta 1, 

Col. Medica 

City:San Salvador  

Zip Code:00000  

Country:El Salvador  

Telephone number:(503)2225-8361 Fax:2225-

8361  

Unit Director:Sigfredo Lopez Bernal  

Websitehttp://www.repromedic.net 

http://www.ivf-

worldwide.com/ivf-

directory/3439-repromedic-

centro-de-fertilidad.html 

3 

Equatorial 

Guinea 
  0 

Eritrea   0 

Estonia 

Private Clinic “ELITE” 

Address: Sangla 63 

City:Tartu  

Zip Code:50407  

Country:Estonia  

Telephone number:+372 7 40 99 30  

Fax:+372-7-409931  

Websitehttp://www.fert-c.ee/elite/ 

http://www.ivf-

worldwide.com/ivf-

directory/3211-private-clinic-

elite.html 

3 

Ethiopia 

ALHIKMAH FERTILITY CENTER  

Address: BOLE 

City:ADDIS ABABA  

Zip Code:1250  

Country:Ethiopia  

Telephone number:+251 116616663/65  

Unit Director:Dr. IBRAHIM SALEH  

Websitehttp://www.alhikmah-ivf.com 

http://www.ivf-

worldwide.com/ivf-

directory/4090-alhikmah-

fertility-center.html 

3 

Fiji   0 
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Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Finland 

Klinikka In-Tiimi Jyvaskyla  

Address: Jyvaskylassa Keskustie 18 D1 

City:Jyvaskyla  

Zip Code:40100  

Country:Finland  

Telephone number:014 263 000  

Fax:014 262 000  

Unit Director:Dr. Anna Kivijarvi  

Websitehttp://www.in-tiimi.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/2688-klinikka-in-

tiimi-jyvaskyla.html 

3 

France 

CH De Tours  

Address: 2 Boulevard Tonnelle 

City:Tours  

Zip Code:37000  

Country:France  

Telephone number:02 47 47 47 47  

Fax:02 47 47 47 84 

http://www.ivf-

worldwide.com/ivf-

directory/1490-ch-de-

tours.html 

3 

Gabon 

Engogo  

Address: BP 27/28  

City:Moanda Zip Code:02728   

Country:Gabon  

Telephone number:+24104290081 

http://www.ivf-

worldwide.com/ivf-

directory/3704-engogo.html 

3 

Georgia 

Zhordania Institute of H R 

 Address: Kostava street 43 

City:Tbilisi  

Zip Code:179  

Country:Georgia  

Telephone number:+995 32 98 8135  

Fax:+995 32 98 8135  

Unit Director:Dr. G Tsagareishvili 

http://www.ivf-

worldwide.com/ivf-

directory/2700-zhordania-

institute-of-h-r.html 

3 
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Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Germany 

Kinderwunschzentrum Mittelhessen  

Address: Sportparkstraße 9 

City:Wetzlar  

Zip Code:35578  

Country:Germany  

Telephone number:06441-2002020  

Fax:06441-20020299  

Unit Director:Dr. med. Amir Hajimohammad 

Berthold Oels  

Websitehttp://www.kinderwunschzentrum-mh.de 

http://www.ivf-

worldwide.com/ivf-

directory/3100-

kinderwunschzentrum-

mittelhessen.html 

3 

Ghana 

Finney Hospital and Fertility Centre  

Address: 1 Hospital RoadNew Bortianor Mile 11 

Junction McCarthy Hill- Weija Road 

City:Accra Zip Code:11895  

Country:Ghana  

Telephone number:+233 21 851702 +233 21 

851703  

Fax:+233 21 851704  

Websitehttp://www.finneyhospital.com 

http://www.ivf-

worldwide.com/ivf-

directory/2469-finney-

hospital-and-fertility-

centre.html 

3 

Greece 

Mitrotita Centre for Human Reproduction  

Address: 150 K. Kartali Street 

City:Volos  

Country:Greece  

Telephone number:+30 2421039398  

Unit Director:Dafereras Alexandros 

http://www.ivf-

worldwide.com/ivf-

directory/3169-mitrotita-

centre-for-human-

reproduction.html 

3 

Grenada   0 

Guatemala 

Clinica Santa Maria  

Address: Boulevard Vista Hermos 2a. Calle 25.19 

Z. 15 V.H.I. Edificio Multimedica Clinica 402 

City:Guatemala Country:Guatemala  

Telephone number:+502 2385 7578 +502 2385 

7579 +502 2385 7580  

Unit Director:Dr. Juan Francisco Solis Bercian  

Websitehttp://www.clinicasantamaria.net/ 

http://www.ivf-

worldwide.com/ivf-

directory/2481-clinica-santa-

maria.html 

3 

Guinea   0 
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Clinical Component 
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Guinea-

Bissau 
  0 

Guyana 

Dr Balwant Singh's Hospital  

Address: 314 East st, South Cummingsburg 

City:Georgetown  

Zip Code:101049  

Country:Guyana  

Unit Director:Dr Madhu P Singh  

Websitehttp://drbalwantsinghshospital.com 

http://www.ivf-

worldwide.com/ivf-

directory/3885-dr-balwant-

singhs-hospital.html 

3 

Haiti 

CHITAI 

 Address: Avenue Jean Paul II # 16 

City:Port-au-Prince  

Country:Haiti  

Telephone number:509-2944-4337  

Unit Director:Dr Harry Beauvais  

Websitehttp://chitaihaiti.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/3887-chitai.html 

3 

Honduras   0 

Hungary 

Pannon Reproduction Institute 

 Address: Bartok B. Str.3. 

City:Tapolca  

Zip Code:8300  

Country:Hungary  

Telephone number:+3687510365  

Fax:+3687510366  

Unit Director:Dr.Attila Török  

Websitehttp://www.pri.hu 

http://www.ivf-

worldwide.com/ivf-

directory/3566-pannon-

reproduction-institute.html 

3 

Iceland 

Art Medica  

Address: Baejarlind 12 

City:Kopavogur  

Zip Code:200  

Country:Iceland  

Telephone number:+354 515 8100  

Fax:+354 515 8103  

Unit Director:Dr. Gudmundur Arason Dr. Tanja 

Thorsteinsson Dr. Thordur Oskarsson  

Websitehttp://www.artmedica.is 

http://www.ivf-

worldwide.com/ivf-

directory/2490-art-

medica.html 

3 
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Clinical Component 

IVF Clinic Clinic Reference Score 

India 

Vridhi Fertility Centre  

Address: vardhman hospital,13 civil lines, 

City:ambala  

Zip Code:134003  

Country:India Telephone 

number:09416800020,09812025005  

Fax:01712551656  

Unit Director:dr. vipin jain  

Websitehttp://www.vardmanhospitalambala.com 

http://www.ivf-

worldwide.com/ivf-

directory/3310-vridhi-

fertility-centre.html 

3 

Indonesia 

BinaKasih Hospital  

Address: Jl Samanhudi 3-5 

City:Pekanbaru Code:28151  

Country:Indonesia  

Telephone number:+62761 32195 ext: 106 

Fax:+62812 75111869  

Unit Director:Dr. Azharul Yusri  

Websitehttp://www.conceptfertility.com.my 

http://www.ivf-

worldwide.com/ivf-

directory/2604-binakasih-

hospital.html 

3 

Iran 

Fatemieh Infertility Center 

 Address: Fatemieh Hospital , Pasdaran street 

City:Hamadan  

Country:Iran  

Telephone number:+98-811-8255474 Fax:+98-

811-8283939  

Unit Director:Dr. Iraj Amiri Unit Services 

http://www.ivf-

worldwide.com/ivf-

directory/3096-fatemieh-

infertility-center.html 

3 

Iraq 

Soran Private Hospital  

Address: ERBIL 

City:KURDESTAN  

Zip Code:964  

Country:Iraq  

Telephone number:+9647706408668  

Unit Director:DR.Atyaf Hasan  

Websitehttp://www.ivfsoran.com 

http://www.ivf-

worldwide.com/ivf-

directory/3506-soran-private-

hospital.html 

3 
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Ireland 

Galway Fertility Unit  

Address: Brooklawn House Galway West 

Business Park Rahoon 

City:Galway  

Country:Ireland  

Telephone number:353 91 515600  

Fax:353 91 515280  

Websitehttp://www.galwayfertilityunit.ie 

http://www.ivf-

worldwide.com/ivf-

directory/1398-galway-

fertility-unit.html 

3 

Israel 

Soroka IVF Unit 

 Address: Soroka Hospital 

City:Be'er sheva  

Zip Code:84101  

Country:Israel  

Telephone number:08 6400562 08 6403761  

Websitehttp://www.soroka.org/ 

http://www.ivf-

worldwide.com/ivf-

directory/2609-soroka-ivf-

unit.html 

3 

Italy 

Associazione Professionale Belgrano E Colongo - 

C/o Mag. Medica  

Address: Via Armelio 14 

City:Imperia Zip Code:18100  

Country:Italy  

Telephone number:0183 299130  

Fax:0183 272248  

Unit Director:Dott. Belgrano Giovanni 

http://www.ivf-

worldwide.com/ivf-

directory/2782-associazione-

professionale-belgrano-e-

colongo-co-mag-medica.html 

3 

Jamaica 

Hugh Wynter Fertility Management Unit  

Address: The Hugh Wynter Fertility Management 

Unit The University of the West Indies Mona 

City:Kingston  

Zip Code:Kgn 7  

Country:Jamaica  

Telephone number:876 970 2388  

Fax:876 927 0100  

Unit Director:Professor J Frederick 

http://www.ivf-

worldwide.com/ivf-

directory/1040-hugh-wynter-

fertility-management-

unit.html 

3 
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Japan 

Kyono ART Clinic  

Address: 1-1-1-3F Honcho Aoba 

City:Sendai  

Zip Code:980 0014  

Country:Japan  

Telephone number:022 722 8841  

Fax:02 722 8823  

Unit Director:Koichi Kyono M.D. Ph.D   

Websitehttp://www.ivf-kyono.or.jp 

http://www.ivf-

worldwide.com/ivf-

directory/464-kyono-art-

clinic.html 

3 

Jordan 

Jordan Hospital IVF Centre  

Address: Queen Noor StCity:Amman 

Country:Jordan Telephone number:00962-6-

5678778 Fax:00962-6-5620333 Unit 

Director:Dr.Aiman Smadi 

Websitehttp://www.ivfjh.com 

http://www.ivf-

worldwide.com/ivf-

directory/4113-jordan-

hospital-ivf-centre.html 

3 

Kazakhstan 

Medical Center DL-EKO  

Address: Elshibek Batera 68-70 

City:shymkent  

Zip Code:160000  

Country:Kazakhstan  

Telephone number:+77252570080  

Unit Director:Anvar Abdurahmanov 

http://www.ivf-

worldwide.com/ivf-

directory/3888-medical-

center-dl-eko.html 

3 

Kenya 

Mombasa Assisted Reproductive Centre 

(MARC)Address: P.O. Box 40088 , Mombasa 

HospitalCity:Mombasa Zip Code:80100 

Country:Kenya Telephone number:+254 722 

412214  

Fax:+254 41 2229254 Unit Director:Dr. Mahesh 

Chudasama 

http://www.ivf-

worldwide.com/ivf-

directory/3254-mombasa-

assisted-reproductive-centre-

marc.html 

3 

Kiribati   0 

Kosovo 

Kosovo IVF Center & Speciality Hospital 

 Address : Magjistralja Prishtinë-Shkup km i 9-th  

Prishtinë, KOSOVË 

Phone : +381 38 582 222 

Fax : +381 38 582 220 

E-Mail : info@bahceci.com 

http://www.bahceci.com/diya

rbakir-ivf-

center/centers/kosovo-

speciality-hospital-ivf-center 

3 
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Kuwait 

IVF Center Al-Hadi Clinic 

City:Safat  

Zip Code:10352  

Country:Kuwait  

Telephone number:+965 531 11 785  

Fax:+965 531 47 17 

http://www.ivf-

worldwide.com/ivf-

directory/2314-ivf-center-al-

hadi-clinic.html 

3 

Kyrgyzstan   0 

Laos   0 

Latvia 

Clinic MAMA RĪGA  

Address: 1 Vingrotaju Street 

City:Riga  

Zip Code:LV-1010  

Country:Latvia  

Telephone number:+371 66900400  

Unit Director:IMANTS SMIRNOVS 

http://www.ivf-

worldwide.com/ivf-

directory/4045-clinic-mama-

riga.html 

3 

Lebanon 

Centre De Fertilite Et De Medecine Foetale 

 Address: Centre versailles 

City:Jounieh  

Country:Lebanon  

Telephone number:+961 9934800 +961 3200410 

http://www.ivf-

worldwide.com/ivf-

directory/2305-centre-de-

fertilite-et-de-medecine-

foetale.html 

3 

Lesotho   0 

Liberia   0 

Libya 

Alamal Fertility Center  

Address: 58th the second circular road 

 Garden city 

City:Benghazi  

Country:Libyan Arab Jamahiriya  

Telephone number:+ 218 0 61 22 27041  

Unit Director:Dr. Tareq Sharif 

http://www.ivf-

worldwide.com/ivf-

directory/3083-alamal-

fertility-center.html 

3 
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Liechtenstein 

IVF Zentren Prof. Zech- Vaduz Zollstrasse 

349490  

Vaduz, Liechtenstein  

Tel. +423 237 6655 

Fax. +423 237 6659 

E-Mail: zech@ivf.li www.ivf.li 

http://www.ivf.at/en-

us/zentren/(li)vaduz.aspx 
3 

Lithuania 

IVF Medical Center  

Address: Deimes g. 6 

City:Klaipeda  

Zip Code:LT-93184  

Country:Lithuania  

Telephone number:+37046314700  

Unit Director:Jolanta Salygiene  

Websitehttp://www.jolsana.lt 

http://www.ivf-

worldwide.com/ivf-

directory/3580-ivf-medical-

center.html 

3 

Luxembourg 

Cabinet Dr Serge Ginter  

Address: 9 rue Pierre Federspiel 

City:Luxembourg  

Zip Code:L-1512  

Country:Luxembourg  

Telephone number:+352 33 65 64 1  

Fax:+352 33 65 64 75  

Unit Director:Dr Serge Ginter   

Websitehttp://www.ivf.lu 

http://www.ivf-

worldwide.com/ivf-

directory/447-cabinet-dr-

serge-ginter.html 

3 

Macedonia 

Plodnost  

Address: Boris Kidric 30 

City:Bitola  

Zip Code:7000  

Country:Macedonia  

Telephone number:+389 47 228288  

Fax:+389 47 203125  

Unit Director:D-r Tase Trpcevski 

http://www.ivf-

worldwide.com/ivf-

directory/2961-plodnost.html 

3 

Madagascar   0 

Malawi   0 
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Malaysia 

Gleneagles Intan Medical Centre  

Address: 282-286 Jalan Ampang 

City:Kuala Lumpur  

Zip Code:50450  

Country:Malaysia  

Telephone number:+603 4257 1300  

Fax:+603 4257 9233  

Unit Director:Dr Andy Low Dr Jean Woo Dr 

Jimmy Tang Sek Cheong Dr Tan Lay Seng  

Websitehttp://gimc.tmsasia.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/2282-gleneagles-

intan-medical-centre.html 

3 

Maldives   0 

Mali Karamogo 

http://www.rbmsociety.com/a

rticle/S2405-6618(16)30020-

X/pdf 

3 

Malta 

Saint James Hospital  

Address: George Borg Olivier 

City:Sliema  

Zip Code:SLM 1807  

Country:Malta  

Telephone number:+356 21335235  

Fax:+356 21330226  

Unit Director:J. Muscat 

http://www.ivf-

worldwide.com/ivf-

directory/3210-saint-james-

hospital.html 

3 

Marshall 

Islands 
  0 

Mauritania   0 

Mauritius 

St. Esprit Clinic  

Address: Stevenson & Naz Avenue  

City:Quatre Bornes  

Country:Mauritius  Telephone number:+230 424 

5471 +230 424 4187  

Fax:+230 425 4542  Unit Director:Dr. Brigitte Ng 

Kuet Leong Dr. Mario Ng Kuet Leong 

http://www.ivf-

worldwide.com/ivf-

directory/2245-st-esprit-

clinic.html 

3 
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Mexico 

IECH Centro De Fertilidad - Chihuahua  

Address: Av. Periferico Ortiz Mena 3406-1 Col. 

Lomas del Santuario II 

City:Chihuahua  

Zip Code:32280  

Country:Mexico  

Telephone number:+52 614 433 4833 4723  

Fax:+52 614 433 4833 4723  

Unit Director:Dr. Oscar Leon Martinez  

Websitehttp://www.iech.com.mx 

http://www.ivf-

worldwide.com/ivf-

directory/2239-iech-centro-

de-fertilidad-chihuahua.html 

3 

Micronesia   0 

Moldova 

Medpark International Hospital 

 +1 (303) 500-3821  

Location: 24, A.Doga str., MD 2024  

Chisinau, Moldova 

http://www.placidway.com/pa

ckage/1849/MedPark-IVF-

Treatment-in-Chisinau-

Moldova 

3 

Monaco   0 

Mongolia 
Anuuhai-Med IVF clinic,  

Ulaanbaatar, Mongolia 

https://www.facebook.com/A

nuuhaiMed 
3 

Montenegro 

Human Reproduction Department  

Address: Vuka Micunovica str. bbCity:Cetinje  

Zip Code:382  

Country:Montenegro  

Telephone number:+382 41 232 690 Fax:+382 41 

231 212  

Unit Director:Tatjana Motrenko  

Websitehttp://www.danilo-prvi.org 

http://www.ivf-

worldwide.com/ivf-

directory/642-human-

reproduction-department.html 

3 

Morocco 

Polyclinic Temara 

Address: temara,vieux marocain 

City:temara  

Zip Code:10000  

Country:Morocco  

Telephone number:00212537747293  

Unit Director:dr Zahi 

http://www.ivf-

worldwide.com/ivf-

directory/3735-polyclinic-

temara.html 

3 

Mozambique   0 
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Myanmar 

Bahosi Fertility Centre  

31-36 Bogyoke Aung San Rd. 6F Building 

1/2,Bahosi Housing,  

Lanmadaw Tsp, Yangon. 

http://bahosifertilitycentremy

anmar.com/content/dr-may-

thu-myo-nyunt 

3 

Namibia   0 

Nauru Namibia Fertility Clinic 
http://allafrica.com/stories/20

1304100934.html 
3 

Nepal   0 

Netherlands 

Onze Lieve Vrouwe Gasthuis 

 Address: 1e Oosterparkstraat 279 Postbus 95500 

City:Amsterdam  

Zip Code:1090  

Country:Netherlands  

Telephone number:020 599 34 81 Fax:020 599 38 

01  

Unit Director:Dr. D.J. Bekedam  

Websitehttp://www.olvg.nl/ 

http://www.ivf-

worldwide.com/ivf-

directory/2158-onze-lieve-

vrouwe-gasthuis.html 

3 

New Zealand 

Fertility Associates New Plymouth 

 Address: 132 Vivian Street 

City:New Plymouth  

 Zip Code:4310   

Country:New Zealand   

Telephone number:06 769 6673   

Unit Director:Dr Natalia Andreianova   

Websitehttp://www.fertilityassociates.co.nz 

http://www.ivf-

worldwide.com/ivf-

directory/2073-fertility-

associates-new-

plymouth.html 

3 

Nicaragua 

Centro De Fertilidad De Nicaragua  

Address: Rotonda el Gueguense 1 1/2 cuadra 

abajo Clinica Plaza Espana  

Country:Nicaragua  

Telephone number:266 5279 268 9304  

Fax:268 9420  

Unit Director:Dr. Juan Jose Lugo K.  

Websitehttp://centrodefertilidadnic.com 

http://www.ivf-

worldwide.com/ivf-

directory/2067-centro-de-

fertilidad-de-nicaragua.html 

3 

Niger   0 
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Nigeria 

ASSISTED REPRODUCTIVE TECHNOLOGY 

UNIT  

Address: UNIVERSITY OF ILORIN TEACHING 

HOSPITAL  

City:ILORIN  

Zip Code:+234  

Country:Nigeria   

Telephone number:08033630497   

Unit Director:Prof.AWO OLATINWO   

Websitehttp://www.uith.com 

http://www.ivf-

worldwide.com/ivf-

directory/3663-assisted-

reproductive-technology-

unit.html 

3 

Niue   0 

North Korea   0 

Northern 

Cyprus 

North Cyprus IVF Center  

143 Bedrettin Demirel Avenue,  

Kumsal - Nicosia North Cyprus 

http://www.donasyon.net/con

tact-us.html 
3 

Norway 

Medicus Fertilityclinic  

Address: Sverresgt. 15 E 

City:Trondheim  

Zip Code:7012  

Country:Norway  

Telephone number:+4773871480  

Fax:+4773871479  

Unit Director:Terje Soerdal  

Websitehttp://www.medicus.no 

http://www.ivf-

worldwide.com/ivf-

directory/3528-medicus-

fertilityclinic.html 

3 

Oman 

NewLife Healthcare LLC 

 Address: Way 4429, Villa 2029  

City:Muscat  

Zip Code:122  

Country:Oman  

Telephone number:24490737  

Fax:24494415  

Unit Director:Vera Christiande Neusser  

Websitehttp://www.muscat-ivf.com 

http://www.ivf-

worldwide.com/ivf-

directory/3655-newlife-

healthcare-llc.html 

3 
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Pakistan 

Concept Fertility Center  

Address: F-6/1, Block 8, KDA Scheme 5, Clifton 

City:Karachi  

Country:Pakistan  

Telephone number:92-215361846 &5810049-50  

Fax:92-21-5871482  

Unit Director:Dr. Faridoon Setna  

Websitehttp://www.conceptfert.com.au 

http://www.ivf-

worldwide.com/ivf-

directory/3383-concept-

fertility-center.html 

3 

Palau   0 

Palestine 

Al Maram IVF Center  

Address: Aahar Street 

City:Rafah  

Zip Code:8026  

Country:Palestinian Territory  

Telephone number:+970822148535  

Fax:+970822148535  

Unit Director:Abdul Razek A El-KKurd  

Websitehttp://www.drkurd..com 

http://www.ivf-

worldwide.com/ivf-

directory/3694-al-maram-ivf-

center.html 

3 

Panama 

IVI Panama 

 Address: Calle 50 y 57 Obarrio Local Planta Baja 

City:Panama  

Country:Panama  

number:+507 212 5484  

Fax:+507 264 0097  

Unit Director:Dr. Roberto Epifanio Malpassi  

Websitehttp://www.ivi.es/ivi/panama.htm 

http://www.ivf-

worldwide.com/ivf-

directory/2045-ivi-

panama.html 

3 

Papua New 

Guinea 
  0 

Paraguay 

Centro De Fertilidad Humana  

Address: Av. Espana 841calle Peru 

City:Asuncion  

Country:Paraguay  

Telephone number:+595 21 225 182  

Unit Director:Dr. Mario Villalba Mangiaterra 

http://www.ivf-

worldwide.com/ivf-

directory/2046-centro-de-

fertilidad-humana.html 

3 
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Peru 

FERTILAB Laboratorio De Reproducción Asistid  

Address: Av. San Felipe 1017 

City:Lima11  

Country:Peru  

Telephone number:51-1-4711111  

Unit Director:Dr. Javier García Ph.D, M.Sc.  

Websitehttp://www.fertilab.pe 

http://www.ivf-

worldwide.com/ivf-

directory/3688-fertilab-

laboratorio-de-reproduccion-

asistid.html 

3 

Philippines 

Victory A.R.T. Laboratory (Philippines) 

 Address: Unit D-1, Medical Plaza Makati, 

Amorsolo cor. Dela rosa Sts, Legaspi Village  

City:Makati City, Manila  

Zip Code:1229  

Country:Philippines  

Telephone number:632 8842290  

Fax:632 8842293  

Unit Director:Chan Wing Cheng  

Websitehttp://www.victoryivf.com 

http://www.ivf-

worldwide.com/ivf-

directory/3106-victory-art-

laboratory-philippines.html 

3 

Poland 

Klinika Polozniectwa I Chorob Kobiecych  

Address: Ul. Ujejskiego 75City:Bydgoszcz  

Zip Code:85-168  

Country:Poland  

Telephone number:+48 52 712 636 

http://www.ivf-

worldwide.com/ivf-

directory/2030-klinika-

polozniectwa-i-chorob-

kobiecych.html 

3 

Portugal 

Clinica Do Bom Jesus 

 Address: Avenida Principe de Monaco  

City:Ponta Delgada  

Zip Code:9500  

Country:Portugal  

Telephone number:296285352 296285356  

Fax:296284845  

Websitehttp://www.clinicabomjesus.org 

http://www.ivf-

worldwide.com/ivf-

directory/2024-clinica-do-

bom-jesus.html 

3 

Qatar 

Al-Ahli Hospital 

 Ahmed Bin Ali StreetP.O.Box 6401 

Doha, Qatar 

http://www.ahlihospital.com/i

ndex.php/news/al-ahli-

hospital-to-start-ivf-facility-

in-qatar-39/ 

3 

Republic of 

the Congo 
  0 
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Romania 

CLINICA DE REPRODUCERE UMANA 

MURES  

Address: Str.Transilvaniei Nr.161 

City:Singeorgiu de Mures  

Country:Romania  

Telephone number:+40 365882805  

Fax:+40365882805  

Unit Director:Dr. Carstea Bogdan  

Websitehttp://www.fivmures.ro 

http://www.ivf-

worldwide.com/ivf-

directory/3715-clinica-de-

reproducere-umana-

mures.html 

3 

Russia 

Krasnoyarsk Center for Reproductive Medicine  

 Address: P. iron ore  

City:Krasnoyarsk   

Zip Code:660022   

Country:Russian Federation   

Telephone number:+ 3912 6248 79   

Websitehttp://www.kcrm.ru 

http://www.ivf-

worldwide.com/ivf-

directory/1982-krasnoyarsk-

center-for-reproductive-

medicine.html 

3 

Rwanda 
The Kigali IVF and Fertility Clinic,  

Kimironko suburb of Gasabo District, Kigali 

http://www.newtimes.co.rw/s

ection/article/2014-04-

02/74296/ 

3 

Sahrawi Arab 

Democratic 

Republic 

  0 

Saint Kitts 

and Nevis 
  0 

Saint Lucia   0 

Saint Vincent 

and the 

Grenadines 

  0 

Samoa   0 

San Marino   0 

São Tomé 

and Príncipe 
  0 
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Saudi Arabia 

PKBS IVF Unit  

Address: KSA- TABUK- NWAFH  

City:Tabuk  

Country:Saudi Arabia  

Telephone number:0096644411088 85881 

Fax:0096644411056 

http://www.ivf-

worldwide.com/ivf-

directory/3085-pkbs-ivf-

unit.html 

3 

Senegal   0 

Serbia 

SPEBO Medical  

Address: Norvezanska 16 

City:Leskovac  

Zip Code:16000  

Country:Serbia  

Telephone number:00381 16 21 81 71  

Fax:00381 16 21 81 71  

Unit Director:Nebojsa Markovic  

Websitehttp://www.spebo.co.rs/ 

http://www.ivf-

worldwide.com/ivf-

directory/3671-spebo-

medical.html 

3 

Seychelles   0 

Sierra Leone   0 

Singapore   0 

Slovakia 

Pasteurs Teaching Hospital Obst-Gyn Clinic  

Address: Moyzesova 9 

City:Kosice  

Zip Code:040 01  

Country:Slovakia  

Telephone number:+421 95 622 1131 ext. 271 

http://www.ivf-

worldwide.com/ivf-

directory/1943-pasteurs-

teaching-hospital-obst-gyn-

clinic.html 

3 

Slovenia 

Dravlje Medical Centre  

Address: Ulica bratov Babnik 10 

City:Ljubljana  

Zip Code:1000  

Country:Slovenia  

Telephone number:+ 386 1 510 68 00  

Fax:+ 386 1 510 68 04  

Websitehttp://www.neplodnost.com 

http://www.ivf-

worldwide.com/ivf-

directory/1319-dravlje-

medical-centre.html 

3 



Volume 9 
Issue 1 

CREIGHTON INTERNATIONAL AND COMPARATIVE LAW JOURNAL 
 

113 

 

The Human Genome Modification Index - Table 1 

Country 
Clinical Component 

IVF Clinic Clinic Reference Score 

Solomon 

Islands 
  0 

Somalia   0 

Somaliland   0 

South Africa 

Panorama Medi-Clinic 

Address: Rothschild Boulevard, Panarama 

City:Cape Town  

Country:South Africa  

Telephone number:021 938 2111  

Fax:021 930 7134 

http://www.ivf-

worldwide.com/ivf-

directory/3318-panorama-

medi-clinic.html 

3 

South Korea 

Dongsan Medical Center 

 Address: 194 Dongsandong 

City:Daegu  

Zip Code:700712  

Country:Korea  

Unit Director:Joon Cheol PARK 

http://www.ivf-

worldwide.com/ivf-

directory/3626-dongsan-

medical-center.html 

3 

South Ossetia   0 

South Sudan   0 

Spain 

Hospital Virgen De La Salud 

 Address: Avd. de Barber 30 

City:Toledo  

Zip Code:45004  

Country:Spain  

Telephone number:925 269 200 

http://www.ivf-

worldwide.com/ivf-

directory/1734-hospital-

virgen-de-la-salud.html 

3 

Sri Lanka 

Vindana Reproductive Health Center 

 Address: 9 Barnes place 

City:Colombo  

Country:Sri Lanka  

Telephone number:+94112682102  

Fax:+94112667424  

Websitehttp://www.vindana.lk 

http://www.ivf-

worldwide.com/ivf-

directory/1514-vindana-

reproductive-health-

center.html 

3 
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Sudan 

Khartoum Fertility Centre  

Address: P O BOX 2136 

City:khartoum  

Zip Code:11111  

Country:Sudan Telephone 

number:+249912318247  

Unit Director:Dr Yagoub Magid, FRCOG 

http://www.ivf-

worldwide.com/ivf-

directory/3302-khartoum-

fertility-centre.html 

3 

Suriname Medilab, Paramaribo 

http://www.bearingpointcarib

bean.com/reageerbuisbaby-

geboren-in-suriname/ 

3 

Swaziland   0 

Sweden 

IVF Kliniken Falun  

Address: Falu lasarett 

City:Falun  

Zip Code:791 82  

Country:Sweden  

Telephone number:023 49 28 50  

Fax :023 49 07 63  

Unit Director:Dr. Staffan Nilsson  

Websitehttp://www.ivfsverige.se 

http://www.ivf-

worldwide.com/ivf-

directory/1704-ivf-kliniken-

falun.html 

3 

Switzerland 

fertisuisse, infertility clinic, women's and men's 

medicine 

 Address: Tannwaldstrasse 2 

City:Olten  

Zip Code:4600  

Country:Switzerland  

Unit Director:PD Dr. G. Sartorius, Dr. R. Moffat, 

Dr. A. Raggi and Dr.O.Sterthaus  

Websitehttp://www.fertisuisse.ch 

http://www.ivf-

worldwide.com/ivf-

directory/4022-fertisuisse-

infertility-clinic-womens-and-

mens-medicine.html 

3 

Syria 

ALAMIN CENTER  

Address: aljoumhourya street 

City:LATAKIA  

Zip Code:00963  

Country:Syrian Arab Republic  

Telephone number:00963944656325  

Unit Director:DR.mohammad amin alabrahem 

http://www.ivf-

worldwide.com/ivf-

directory/3905-alamin-

center.html 

3 
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Taiwan 

Taichung Veteraqns General Hospital  

Address: No. 160, Section 3, Taichung Harbor 

Road 

City:Taichung  

Zip Code:40705  

Country:Taiwan  

Telephone number:886-4-23592525  

Fax:886-4-23503021  

Unit Director:Ming-Jer Chen M.D.  

Websitehttp://www.vghtc.gov.tw/portal/index_pu

blic.jsp 

http://www.ivf-

worldwide.com/ivf-

directory/3306-taichung-

veteraqns-general-

hospital.html 

3 

Tajikistan   0 

Tanzania 

Dar IVF and Fertility Clinic   

Address: 47 Cocacola Road 

City:Dar es salaam  

Country:Tanzania  

Telephone number:+255222780612  

Fax:+255222780612  

Unit Director:Dr edward Tamale-Sali  

Websitehttp://www.darivf.com 

http://www.ivf-

worldwide.com/ivf-

directory/3708-dar-ivf-and-

fertility-clinic.html 

3 

Thailand 

Kullapat Clinic for Assisted Conception  

Address: 117/26 Potharam Road, Chang Puek 

City:Chiang Mai 

 Zip Code:50300  

Country:Thailand  

Telephone number:66-53-409779, 6653-409780 

Unit Director:Dr Teraporn Vutyavanich 

Websitehttp://kullapat.com 

http://www.ivf-

worldwide.com/ivf-

directory/3082-kullapat-

clinic-for-assisted-

conception.html 

3 

Togo   3 

Tonga   0 

Transnistria   0 
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Trinidad and 

Tobago 

Trinidad IVF  

Address: 1B Rookery Nook, Maraval 

City:Maraval, Port of Spain  

Country:Trinidad and Tobago  

Telephone number:+1-868-6228869  

Unit Director:Dr Catherine Minto-Bain  

Websitehttp://www.trinidadivf.com 

http://www.ivf-

worldwide.com/ivf-

directory/3541-trinidad-

ivf.html 

3 

Tunisia 

Hospital Farhat Hached 

 Address: Avenue Mohamed El Kaiovi  

City:Sousee  

Zip Code:4000  

Country:Tunisia  

Telephone number:+216 73 419 188 

http://www.ivf-

worldwide.com/ivf-

directory/1653-hospital-

farhat-hached.html 

3 

Turkey 

Acibadem Bursa Hastanesi 

 Address: Fatih Sultan Mehmet Bulvar? Sümer 

Sok 1 

City:Nilufer  

Zip Code:16110  

Country:Turkey  

Telephone number:224 270 44 44 Fax:224 270 44 

40  

Unit Director:Doc. Dr. Sahin Zeteroglu  

Websitehttp://www.acibademtupbebek.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/1035-acibadem-

bursa-hastanesi.html 

3 

Turkmenistan   0 

Tuvalu   0 

Uganda 

Gulu Indepedent Hospital  

Address: Airfiled Road 

City:Gulu  

Country:Uganda  

Telephone number:25647132279  

Websitehttp://www.guluindepedenthospital.com 

http://www.ivf-

worldwide.com/ivf-

directory/1616-gulu-

indepedent-hospital.html 

3 
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Ukraine 

GENESIS DNEPR IVF Reproductive Medicine  

Address: 119-120 Rybinskaya Street 

City:Dnepropetrovsk  

Zip Code:49050  

Telephone number:+38 (056) 370-13-23 (rus)  

Fax:+38 (067) 630-06-87 (eng)  

Unit Director:Dr. Igor Perelygin  

Websitehttp://www.gyn.dp.ua 

http://www.ivf-

worldwide.com/ivf-

directory/3375-genesis-dnepr-

ivf-reproductive-

medicine.html 

3 

United Arab 

Emirates 

Dubai Gynaecology and Fertility Centre  

Address: PO Box 8729 

City:Dubai  

Country:United Arab Emirates  

Telephone number:971 4 3344300  

Websitehttp://dgfc.ae 

http://www.ivf-

worldwide.com/ivf-

directory/1285-dubai-

gynaecology-and-fertility-

centre.html 

3 

United 

Kingdom 

The Hull IVF Unit Womens & Childrens Hospital  

Address: Anlaby Road 

City:Hull  

Zip Code:HU3 2JZ  

Country:United Kingdom  

Telephone number:01482 382648  

Fax:01482 382672  

Unit Director:Mr Steve Maguiness MD FRCOG  

Websitehttp://www.hullivf.org.uk 

http://www.ivf-

worldwide.com/ivf-

directory/697-the-hull-ivf-

unit-womens-and-childrens-

hospita.html 

3 

United States 

Florida Institute for Reproductive Medicine  

Address: 836 Prudential Drive, Ste 902 

City:Jacksonville  

Zip Code:32207  

Country:USA  

Florida Unit Director:Travis W. McCoy, MD  

Websitehttp://www.fertilityjacksonville.com 

http://www.ivf-

worldwide.com/ivf-

directory/3774-florida-

institute-for-reproductive-

medicine.html 

3 
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Uruguay 

CERHIN - Centro De Reproduccion Humana Del 

Interior -Salto 

 Address: Treinta y Tres N 89 esq. Artigas 

City:Salto  

Country:Uruguay  

Telephone number:+598 73 23825  

Fax:+598 73 23826  

Unit Director:Dr. Sergio Oehninger MD PhD  

Websitehttp://www.cerhin.com/ 

http://www.ivf-

worldwide.com/ivf-

directory/1556-cerhin-centro-

de-reproduccion-humana-del-

interior-salto.html 

3 

Uzbekistan 

Healthy Family JV 

 Address: 15, str. UstaAlim  

City:Tashkent  

Zip Code:100019  

Country:Uzbekistan 

 Unit Director:Boris Goikhman 

http://www.ivf-

worldwide.com/ivf-

directory/3251-healthy-

family-jv.html 

3 

Vanuatu   0 

Vatican   0 

Venezuela 

ProFertil - Clinica De Fertilidad  

Address: Avenida Intercomunal Cruce con Calle 8 

Urbanizacion Colinas del Neveri. Al Lado de 

Policia Municipal de Bolivar  

City:Barcelona  

Country:Venezuela  

Telephone number:+58 281 2862004 +58 281 

2863247  

Unit Director:Dr. Juan Carlos Alvarez Sanchez  

Websitehttp://www.profertil.net/ 

http://www.ivf-

worldwide.com/ivf-

directory/1555-profertil-

clinica-de-fertilidad.html 

3 

Vietnam 

Tu Du IVF  

Address: Cong Quynh 284 

City:Ho Chi Minh  

Country:Viet Nam  

Telephone number:+84 8 9254856  

Websitehttp://www.ivftudu.com.vn 

http://www.ivf-

worldwide.com/ivf-

directory/1542-tu-du-ivf.html 

3 
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Yemen 

C.plas Hospital  

Address: assar 

City:sana,a  

Zip Code:00967  

Country:Yemen  

Telephone number:00967714200041  

Fax:0096701212006  

Unit Director:dr.mohammed shehata  

Websitehttp://c.plas.net 

http://www.ivf-

worldwide.com/ivf-

directory/3451-cplas-

hospital.html 

3 

Zambia 

Lusaka IVF and Fertility Clinic  

 PLot 23, Ngulube Road, Woodlands area 

Lusaka, Zambia 

http://lusakaivf.com/services.

html 
3 

Zimbabwe 

Sandton Fertility Centre 

Address: 200 rivonia road 

City:Johannesburg  

Zip Code:2146  

Country:Zimbabwe  

Telephone number:27 11 883 176  

Unit Director:Sandton Fertility Centre 

http://www.ivf-

worldwide.com/ivf-

directory/1320-sandton-

fertility-centre.html 

3 
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CRISPR Paper siRNA Paper Score 

Abkhazia   0 

Afghanistan   0 

Albania   0 

Algeria  
10.3109/03639045.2015.1091469. 

Epub 2015 Oct 16. 
2 

Andorra   0 

Angola   0 

Antigua and 

Barbuda 
  0 

Argentina 
10.1016/j.theriogenology.2016.06.0

10 
 3 

Armenia   2 

Australia 10.1038/tp.2017.81  3 

Austria PMID: 27702987  3 

Azerbaijan   0 

Bahamas   0 

Bahrain   0 

Bangladesh  
10.1002/eji.201243046. Epub 2013 

Jul 1. 
2 

Barbados   0 

Belarus   0 

Belgium 10.1073/pnas.1617392114  3 

Belize   0 

Benin   0 

Bhutan   3 

Bolivia   0 

Bosnia and 

Herzegovina 
  0 

Botswana   0 

Brazil 10.3389/fbioe.2016.00099  3 

Brunei   0 

Bulgaria  
10.1007/s00403-008-0832-7. Epub 

2008 Feb 8. 
2 

Burkina Faso   0 

Burundi   0 

Cambodia   0 

Cameroon   0 

Canada 10.2217/epi-2016-0141  3 
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Cape Verde   0 

Central 

African 

Republic 

  0 

Chad   0 

Chile PMID: 27795824  3 

China PMID: 28484254  3 

Colombia  
10.1017/S0031182015001304. 

Epub 2015 Oct 7. 
2 

Comoros   0 

Cook Islands   0 

Costa Rica   0 

Côte d'Ivoire   0 

Croatia 10.1093/nar/gkw159.  3 

Cuba  10.1007/s11248-005-5238-0 2 

Cyprus  10.18632/oncotarget.16062. 2 

Czech 

Republic 
10.1016/j.ymgme.2016.08.004  3 

Democratic 

Republic of 

the Congo 

  0 

Denmark 10.18632/oncotarget.16350  3 

Djibouti   0 

Dominica   0 

Dominican 

Republic 
  0 

East Timor   0 

Ecuador   0 

Egypt  doi: 10.1111/asj.12530 2 

El Salvador   0 

Equatorial 

Guinea 
  0 

Eritrea   0 

Estonia  10.1080/15384101.2016.1160972 2 

Ethiopia   0 

Fiji   0 

Finland 10.1016/j.celrep.2017.03.055  3 

France 10.1038/srep46019  3 

Gabon   0 
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Georgia   0 

Germany 10.1080/15384101.2017.1314407  3 

Ghana   0 

Greece  
10.1038/bjc.2016.202. Epub 2016 

Jul 5. 
2 

Grenada   0 

Guatemala   0 

Guinea   0 

Guinea-Bissau   0 

Guyana   0 

Haiti   0 

Honduras   0 

Hungary 10.1038/s41598-017-01050-6  3 

Iceland  10.1016/j.molimm.2014.10.007 2 

India 10.1042/BCJ20160304.  3 

Indonesia   0 

Iran 10.1002/jgm.2928.  3 

Iraq   0 

Ireland 10.1007/s00299-017-2125-0  3 

Israel 10.1038/nature21034.  3 

Italy 10.1007/s00018-017-2524-y  3 

Jamaica   0 

Japan 10.1155/2017/9210494  3 

Jordan  10.1007/s10616-014-9799-8. 2 

Kazakhstan   0 

Kenya  10.1186/1746-4811-10-16 2 

Kiribati   0 

Kosovo   0 

Kuwait  10.1159/000447798 2 

Kyrgyzstan   0 

Laos   0 

Latvia   0 

Lebanon  10.1371/journal.pone.0165876 2 

Lesotho   0 

Liberia   0 

Libya   0 

Liechtenstein   0 

Lithuania 10.1186/s13059-015-0818-7.  3 
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Luxembourg   0 

Macedonia   0 

Madagascar   0 

Malawi   0 

Malaysia 10.1371/journal.pone.0165535  3 

Maldives   0 

Mali   0 

Malta  10.1530/ERC-13-0043 2 

Marshall 

Islands 
  0 

Mauritania   0 

Mauritius   0 

Mexico  10.1016/j.yexcr.2016.11.025. 2 

Micronesia   0 

Moldova   0 

Monaco  doi: 10.1002/jcp.24930. 2 

Mongolia   0 

Montenegro   0 

Morocco  10.18632/oncotarget.2813 2 

Mozambique   0 

Myanmar   0 

Namibia   0 

Nauru   0 

Nepal   0 

Netherlands 10.1038/srep41968.  3 

New Zealand 10.1038/srep11735. znf 5 

Nicaragua   0 

Niger   0 

Nigeria   0 

Niue   0 

North Korea   0 

Northern 

Cyprus 
  0 

Norway 10.1038/srep24951.  3 

Oman  10.1007/s10495-017-1366-2 2 

Pakistan  10.1089/vim.2015.0034 2 

Palau   0 

Palestine   0 

Panama   0 
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Papua New 

Guinea 
  0 

Paraguay   0 

Peru  10.1111/j.1364-3703.2008.00480.x. 2 

Philippines 10.1007/s00299-017-2118-z  3 

Poland 10.1016/j.bbamcr.2017.02.002  3 

Portugal   0 

Qatar   0 

Republic of 

the Congo 
  0 

Romania  10.1007/s10120-017-0712-y 2 

Russia  10.1016/j.omtn.2016.12.011. 2 

Rwanda   0 

Sahrawi Arab 

Democratic 

Republic 

  0 

Saint Kitts and 

Nevis 
  0 

Saint Lucia   0 

Saint Vincent 

and the 

Grenadines 

  0 

Samoa   0 

San Marino   0 

São Tomé and 

Príncipe 
  0 

Saudi Arabia 10.1007/s00299-016-2000-4  3 

Senegal   0 

Serbia  10.2337/db12-0222 2 

Seychelles   0 

Sierra Leone   0 

Singapore 10.1016/j.stemcr.2017.02.019  3 

Slovakia  10.3389/fphys.2013.00271 2 

Slovenia 10.1021/acssynbio.5b00259  3 

Solomon 

Islands 
  0 

Somalia   0 

Somaliland   0 

South Africa  10.18632/oncotarget.15834. 2 
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South Korea 10.1002/jcp.25912.  3 

South Ossetia   0 

South Sudan   0 

Spain 10.15252/emmm.201707550  3 

Sri Lanka   0 

Sudan   0 

Suriname   0 

Swaziland   0 

Sweden 10.1007/s10620-016-4422-9  3 

Switzerland 10.1016/j.molcel.2016.10.038.  3 

Syria   0 

Taiwan 10.1080/10495398.2015.1027774  3 

Tajikistan   0 

Tanzania   0 

Thailand   0 

Togo   0 

Tonga   0 

Transnistria   0 

Trinidad and 

Tobago 
  0 

Tunisia  10.1111/cmi.12298. 2 

Turkey 10.1111/cmi.12298.  3 

Turkmenistan   0 

Tuvalu   0 

Uganda  10.1111/j.1364-3703.2012.00812.x 2 

Ukraine  10.5604/20831862.1196509 2 

United Arab 

Emirates 
 10.1111/acer.12503. 2 

United 

Kingdom 
10.18632/oncotarget.16838  3 

United States 10.1074/jbc.M116.773051  3 

Uruguay 10.1371/journal.pone.0136690  3 

Uzbekistan  10.1186/1471-2229-8-93. 2 

Vanuatu   0 

Vatican   0 

Venezuela  10.1016/j.bcp.2014.01.025 2 

Vietnam  10.1080/10799893.2016.1247862 2 

Yemen   0 

Zambia   0 
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Zimbabwe   0 
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Akari BioPolicyWiki Oviedo Score 

Abkhazia    3 

Afghanistan  ? n/a 3 

Albania  ?  3 

Algeria  ? n/a 3 

Andorra  ?  3 

Angola  ? n/a 3 

Antigua and 

Barbuda 
 ? n/a 3 

Argentina ambiguous no policy n/a 2 

Armenia  ?  3 

Australia ban prohibited n/a 0 

Austria ban prohibited  0 

Azerbaijan  ?  3 

Bahamas  ? n/a 3 

Bahrain  ? n/a 3 

Bangladesh  ? n/a 3 

Barbados  ? n/a 3 

Belarus  prohibited  0 

Belgium ban prohibited  0 

Belize  ? n/a 3 

Benin  ? n/a 3 

Bhutan  ? n/a 3 

Bolivia 0 ? n/a 3 

Bosnia and 

Herzegovina 
0 prohibited ratified 0 

Botswana  ? n/a 3 

Brazil ban prohibited n/a 0 

Brunei  ? n/a 3 

Bulgaria ban prohibited ratified 0 

Burkina Faso  ? n/a 3 

Burundi  ? n/a 3 

Cambodia  ? n/a 3 

Cameroon  ? n/a 3 

Canada ban prohibited n/a 0 

Cape Verde  ? n/a 3 

Central African 

Republic 
 ? n/a 3 

Chad  ? n/a 3 
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Chile ambiguous ? n/a 2 

China ban ?  0 

Colombia ambiguous prohibited n/a 0 

Comoros  ? n/a 3 

Cook Islands  ? n/a 3 

Costa Rica ban prohibited n/a 0 

Côte d'Ivoire  ? n/a 3 

Croatia  prohibited ratified 0 

Cuba  ? n/a 3 

Cyprus  prohibited ratified 0 

Czech Republic ban prohibited ratified 0 

Democratic 

Republic of the 

Congo 

 ? n/a 3 

Denmark ban prohibited ratified 0 

Djibouti  ? n/a 3 

Dominica  ? n/a 3 

Dominican 

Republic 
 ? n/a 3 

East Timor    3 

Ecuador  ? n/a 3 

Egypt  no policy n/a 3 

El Salvador  ? n/a 3 

Equatorial Guinea  ? n/a 3 

Eritrea  ? n/a 3 

Estonia  prohibited ratified 0 

Ethiopia  ? n/a 3 

Fiji  ? n/a 3 

Finland ban prohibited signed 0 

France ban prohibited signed 0 

Gabon  ? n/a 3 

Georgia  prohibited ratified 0 

Germany ban prohibited  0 

Ghana  ? n/a 3 

Greece ambiguous prohibited ratified 0 

Grenada  ? n/a 3 

Guatemala  ? n/a 3 

Guinea  ? n/a 3 

Guinea-Bissau  ? n/a 3 
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Guyana  ? n/a 3 

Haiti  ? n/a 3 

Honduras  ? n/a 3 

Hungary  prohibited ratified 0 

Iceland ambiguous prohibited ratified 0 

India ban prohibited n/a 0 

Indonesia  ? n/a 3 

Iran  ? n/a 3 

Iraq  ? n/a 3 

Ireland ban ?  0 

Israel ban no policy n/a 0 

Italy ban prohibited signed 0 

Jamaica  no policy n/a 3 

Japan ban prohibited n/a 0 

Jordan  ? n/a 3 

Kazakhstan  ? n/a 3 

Kenya  ? n/a 3 

Kiribati  ?  3 

Kosovo  ?  3 

Kuwait  ? n/a 3 

Kyrgyzstan  ? n/a 3 

Laos  ? n/a 3 

Latvia  ? signed 3 

Lebanon  ? n/a 3 

Lesotho  ? n/a 3 

Liberia  ? n/a 3 

Libya  ? n/a 3 

Liechtenstein  ?  3 

Lithuania ban prohibited ratified 0 

Luxembourg  ? signed 3 

Macedonia  ? signed 3 

Madagascar  ? n/a 3 

Malawi  ? n/a 3 

Malaysia  ? n/a 3 

Maldives  ? n/a 3 

Mali  ? n/a 3 

Malta  prohibited  0 

Marshall Islands  ? n/a 3 
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Mauritania  ? n/a 3 

Mauritius  ? n/a 3 

Mexico ban prohibited n/a 0 

Micronesia  ? n/a 3 

Moldova  prohibited ratified 0 

Monaco  ?  3 

Mongolia  ? n/a 3 

Montenegro  ? signed 3 

Morocco  ? n/a 3 

Mozambique  ? n/a 3 

Myanmar  ? n/a 3 

Namibia  ? n/a 3 

Nauru  ? n/a 3 

Nepal  ? n/a 3 

Netherlands ban prohibited signed 0 

New Zealand ban prohibited n/a 0 

Nicaragua  ? n/a 3 

Niger  ? n/a 3 

Nigeria  ? n/a 3 

Niue    3 

North Korea  ? n/a 3 

Northern Cyprus    3 

Norway  prohibited ratified 0 

Oman  ? n/a 3 

Pakistan  ? n/a 3 

Palau  ? n/a 3 

Palestine  ?  3 

Panama  ? n/a 3 

Papua New 

Guinea 
 ? n/a 3 

Paraguay  ? n/a 3 

Peru ambiguous prohibited n/a 0 

Philippines  ? n/a 3 

Poland  prohibited signed 0 

Portugal ban prohibited ratified 0 

Qatar  ? n/a 3 

Republic of the 

Congo 
 ? n/a 3 

Romania  prohibited ratified 0 
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Russia ambiguous ?  2 

Rwanda  ? n/a 3 

Sahrawi Arab 

Democratic 

Republic 

   3 

Saint Kitts and 

Nevis 
 ? n/a 3 

Saint Lucia  ? n/a 3 

Saint Vincent and 

the Grenadines 
 ? n/a 3 

Samoa  ? n/a 3 

San Marino  prohibited ratified 0 

São Tomé and 

Príncipe 
   3 

Saudi Arabia  prohibited n/a 0 

Senegal  ? n/a 3 

Serbia  ? signed 3 

Seychelles  ? n/a 3 

Sierra Leone  ? n/a 3 

Singapore ban ? n/a 0 

Slovakia ambiguous prohibited ratified 0 

Slovenia  prohibited ratified 0 

Solomon Islands  ? n/a 3 

Somalia  ? n/a 3 

Somaliland    3 

South Africa ambiguous prohibited n/a 0 

South Korea ban prohibited n/a 0 

South Ossetia    3 

South Sudan  ?  3 

Spain ban prohibited ratified 0 

Sri Lanka  ? n/a 3 

Sudan  ? n/a 3 

Suriname  ? n/a 3 

Swaziland  ? n/a 3 

Sweden ban prohibited signed 0 

Switzerland ban prohibited signed 0 

Syria  ? n/a 3 

Taiwan  ?  3 

Tajikistan  ? n/a 3 
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Tanzania  ? n/a 3 

Thailand  ? n/a 3 

Togo  ? n/a 3 

Tonga  ? n/a 3 

Transnistria    3 

Trinidad and 

Tobago 
 ? n/a 3 

Tunisia  prohibited n/a 0 

Turkey  prohibited ratified 0 

Turkmenistan  ? n/a 3 

Tuvalu  ? n/a 3 

Uganda  ? n/a 3 

Ukraine  ? signed 3 

United Arab 

Emirates 
 prohibited n/a 0 

United Kingdom ban prohibited  0 

United States restrictive   0 

Uruguay  prohibited  0 

Uzbekistan  ? n/a 3 

Vanuatu  ? n/a 3 

Vatican    3 

Venezuela  ?  3 

Vietnam  prohibited n/a 0 

Yemen  prohibited n/a 0 

Zambia  ? n/a 3 

Zimbabwe  ? n/a 3 
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Abkhazia 3 

Afghanistan 3 

Albania 6 

Algeria 8 

Andorra 3 

Angola 3 

Antigua and Barbuda 3 

Argentina 8 

Armenia 8 

Australia 6 

Austria 6 

Azerbaijan 6 

Bahamas 6 

Bahrain 6 

Bangladesh 8 

Barbados 6 

Belarus 3 

Belgium 6 

Belize 3 

Benin 3 

Bhutan 6 

Bolivia 6 

Bosnia and 

Herzegovina 
3 

Botswana 3 

Brazil 6 

Brunei 6 

Bulgaria 5 

Burkina Faso 6 

Burundi 3 

Cambodia 6 

Cameroon 6 

Canada 6 

Cape Verde 3 

Central African 

Republic 
3 

Chad 3 
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Chile 8 

China 6 

Colombia 5 

Comoros 3 

Cook Islands 3 

Costa Rica 3 

Côte d'Ivoire 3 

Croatia 6 

Cuba 8 

Cyprus 5 

Czech Republic 6 

Democratic Republic 

of the Congo 
6 

Denmark 6 

Djibouti 3 

Dominica 3 

Dominican Republic 6 

East Timor 3 

Ecuador 6 

Egypt 8 

El Salvador 6 

Equatorial Guinea 3 

Eritrea 3 

Estonia 5 

Ethiopia 6 

Fiji 3 

Finland 6 

France 6 

Gabon 6 

Georgia 3 

Germany 6 

Ghana 6 

Greece 5 

Grenada 3 

Guatemala 6 

Guinea 3 

Guinea-Bissau 3 
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Guyana 6 

Haiti 6 

Honduras 3 

Hungary 6 

Iceland 5 

India 6 

Indonesia 6 

Iran 9 

Iraq 6 

Ireland 6 

Israel 6 

Italy 6 

Jamaica 6 

Japan 6 

Jordan 8 

Kazakhstan 6 

Kenya 8 

Kiribati 3 

Kosovo 6 

Kuwait 8 

Kyrgyzstan 3 

Laos 3 

Latvia 6 

Lebanon 8 

Lesotho 3 

Liberia 3 

Libya 6 

Liechtenstein 6 

Lithuania 6 

Luxembourg 6 

Macedonia 6 

Madagascar 3 

Malawi 3 

Malaysia 9 

Maldives 3 

Mali 6 

Malta 5 
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Marshall Islands 3 

Mauritania 3 

Mauritius 6 

Mexico 5 

Micronesia 3 

Moldova 3 

Monaco 5 

Mongolia 6 

Montenegro 6 

Morocco 8 

Mozambique 3 

Myanmar 6 

Namibia 3 

Nauru 6 

Nepal 3 

Netherlands 6 

New Zealand 8 

Nicaragua 6 

Niger 3 

Nigeria 6 

Niue 3 

North Korea 3 

Northern Cyprus 6 

Norway 6 

Oman 8 

Pakistan 8 

Palau 3 

Palestine 6 

Panama 6 

Papua New Guinea 3 

Paraguay 6 

Peru 5 

Philippines 9 

Poland 6 

Portugal 3 

Qatar 6 

Republic of the Congo 3 
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Romania 5 

Russia 7 

Rwanda 6 

Sahrawi Arab 

Democratic Republic 
3 

Saint Kitts and Nevis 3 

Saint Lucia 3 

Saint Vincent and the 

Grenadines 
3 

Samoa 3 

San Marino 0 

São Tomé and 

Príncipe 
3 

Saudi Arabia 6 

Senegal 3 

Serbia 8 

Seychelles 3 

Sierra Leone 3 

Singapore 3 

Slovakia 5 

Slovenia 6 

Solomon Islands 3 

Somalia 3 

Somaliland 3 

South Africa 5 

South Korea 6 

South Ossetia 3 

South Sudan 3 

Spain 6 

Sri Lanka 6 

Sudan 6 

Suriname 6 

Swaziland 3 

Sweden 6 

Switzerland 6 

Syria 6 

Taiwan 9 
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Tajikistan 3 

Tanzania 6 

Thailand 6 

Togo 6 

Tonga 3 

Transnistria 3 

Trinidad and Tobago 6 

Tunisia 5 

Turkey 6 

Turkmenistan 3 

Tuvalu 3 

Uganda 8 

Ukraine 8 

United Arab Emirates 5 

United Kingdom 6 

United States 6 

Uruguay 6 

Uzbekistan 8 

Vanuatu 3 

Vatican 3 

Venezuela 8 

Vietnam 5 

Yemen 3 

Zambia 6 

Zimbabwe 6 

 

 


