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International trade in livestock and livestock
products: the need for a commodity-based
approach
G. R. Thomson, E. N. Tambi, S. K. Hargreaves, T. J. Leyland, A. P. Catley,
G. G. M. van ’t Klooster, M-L. Penrith
International animal health standards designed to facilitate safe trade in livestock and livestock
products are set by the Office International des Epizooties (OIE) under the Sanitary and Phytosanitary
Agreement of the World Trade Organization (WTO) and documented in the OIE’s Terrestrial Animal
Health Code. A core principle of the Code is the need for countries to eradicate important
transboundary animal diseases (TADs) to reduce the risk of exporting disease to trading partners.
International food safety standards are set by the Codex Alimentarius Commission, administered
jointly by the World Health Organization and the Food and Agriculture Organization of the United
Nations. The goal of global eradication of most TADs is unachievable for the foreseeable future, other
than in the case of rinderpest, and this prevents many countries, especially developing nations, from
engaging in international trade under WTO rules. This paper proposes an alternative, commoditybased approach to the formulation of international animal health and food safety standards, based
on the fact that different commodities pose very different risks when it comes to the spread of
human and animal pathogens. Therefore, the risk mitigation strategies required are equally
commodity-dependent. The authors conclude that more focused commodity standards would
improve access to international markets for all countries, especially those in the developing world.
For this objective to be realised, credible and independent certification is required.

Veterinary Record (2004)
155, 429-433
G. R. Thomson, BVSc,
MSc, PhD, MRCVS,
E. N. Tambi, BA, MSc, PhD,
T. J. Leyland, BVetMed,
MSc, MRCVS,
A. P. Catley, BVetMed, MSc,
PhD, MRCVS,
G. G. M. van ’t Klooster,
MSc, DVM,
African Union/
Inter-African Bureau
for Animal Resources,
PO Box 30786, 00100
Nairobi, Kenya
S. K. Hargreaves, BVSc,
Ministry of Agriculture
and Rural Development,
Division of Livestock and
Veterinary Services,
PO Box CY66, Causeway,
Harare, Zimbabwe
M-L. Penrith, BSc, PhD,
DSc, BVSc,
Instituto Nacional de
Investigação Veterinária,
CP 1922, Maputo,
Mozambique

IN AN era of globalisation, international trade in livestock
and livestock products continues to be seriously hindered by
epizootic animal diseases, in particular those categorised as
‘transboundary animal diseases’ (TADs). These diseases have
a substantial impact on the economies or food security of a
number of countries, spread rapidly and require cooperation
between countries for effective control. Zoonotic potential
is a further important factor in the categorisation of TADs
(Thomson and others 2003). The ‘List A’ diseases of the Office
International des Epizooties (OIE) are a group of TADs that are
judged, on a global basis, to be the most important disease
constraints to trade in livestock and livestock products (OIE
2003). The OIE has indicated its intention to review the classification of animal diseases at the end of 2004 and List A will
consequently be discontinued.
In the industrialised world, the devastating effects of TADs
are epitomised by the events following the introduction of
foot-and-mouth disease (FMD) into the UK in 2001. Direct and
indirect losses were estimated to have resulted in a 0·2 per cent
reduction in gross domestic product in 2001, and direct costs
approaching £3·5 billion (Thompson and others 2002). Other
recent TAD episodes in Europe include classical swine fever
(CSF) in the Netherlands and Germany (Mangen and others
2001, OIE 2004), and highly pathogenic avian influenza (HPAI)
in Italy and the Netherlands (Capua and Marangon 2003, OIE
2004). These events demonstrate the risks involved in both
legal and illegal trade in livestock and livestock products, and
in many industrialised countries measures to counter these
risks are under constant review.
In the World Trade Organization’s (WTO’s) ‘Agreement on
the Application of Sanitary and Phytosanitary Measures’ (SPS
Agreement) the OIE is recognised as the agency responsible
for promoting trade by setting appropriate global standards
on animal health. The Codex Alimentarius Commission sets
standards for food safety and is jointly administered by two
agencies of the United Nations, namely, the World Health
Organization (WHO) and the Food and Agriculture Organization (FAO). As awareness of both animal health and food
safety issues increases among consumers and the food indusThe Veterinary Record, October 2, 2004

try (particularly in industrialised countries), so does the
demand for safer food. However, the OIE’s Terrestrial Animal
Health Code (OIE 2003) (hereafter referred to as ‘the Code’) is
based on the precept that countries need to eradicate TADs
within their territories and prevent their reintroduction. Once
this is achieved, trade between such countries is considered to
present a low risk. Although there is undeniable logic in this
approach, events in the UK in 2001 clearly demonstrated that
trade with countries that are free of TADs is not risk-free: the
UK inadvertently re-exported FMD to Ireland, France and the
Netherlands before the virus had been detected in the country. Furthermore, the enzootic nature of TADs in many developing countries effectively excludes these countries from
international markets in livestock and livestock products. For
example, 12 of the 15 OIE List A diseases are enzootic to subSaharan Africa, and many occur naturally nowhere else. The
net result is that international trade in livestock and livestock
products is greatly constrained by TADs and the lack of
progress in eliminating them.
This paper reviews the feasibility and necessity of global
eradication of TADs from the combined perspective of global
animal health standards, the need for such standards to
facilitate safe trade, and the current isolation of many developing countries from international livestock commodity
markets. The paper proposes an alternative, commoditybased approach for enabling safer and more equitable international trade in livestock commodities, and explains the
potential benefits and practical implications of this approach
for both developing and industrialised countries.
TRENDS AND OPPORTUNITIES IN INTERNATIONAL
TRADE IN LIVESTOCK COMMODITIES
Prospects for eradication of TADs
The recent FMD epidemic in Europe has prompted renewed
debate on the importance and practicality of controlling and
eradicating TADs to promote international trade in animals
and animal products (Royal Society 2002). Substantial pro429

Viewpoint

gress towards global eradication of TADs is evident only for
rinderpest. The Global Rinderpest Eradication Programme
(GREP), administered by the FAO, has successfully spearheaded
the fight against rinderpest and the disease is now confined
to conflict-affected areas of the Horn of Africa. Although
often perceived to be a relatively simple disease to eradicate,
mild forms of rinderpest persist in the Somali ecosystem
(Mariner and Roeder 2003) and are proving difficult to
counter. The difficulties experienced by the GREP are also
highly relevant to other TADs and include delays caused by
logistical, technical, financial and political constraints found
in many developing countries. Furthermore, in both developing and industrialised nations the eradication of some
TADs (for example, HPAI, Newcastle disease [ND] and CSF) is
seriously hindered by uncontrollable wildlife involvement.
In summary, apart from rinderpest, there is no immediate
prospect of any TAD being eradicated on a global basis.
Increasing importance of non-tariff trade barriers
Barriers to trade in livestock commodities are of two basic
types: tariff and non-tariff. A tariff barrier is a customs duty
or tax imposed on the value of an imported commodity,
thereby increasing its price. Non-tariff barriers include
import quotas, embargoes, variable levies and standards.
In 1947, the General Agreement on Tariffs and Trade
(GATT) was established with the aim of liberalising trade
between the initial 23 member countries. By 1999, membership of the GATT had risen to 132 countries, responsible for
over 90 per cent of world trade (Anon 1998) and, through
successive rounds of GATT negotiations, average tariffs had
been reduced from 40 per cent in 1947 to 4 per cent in 1998
(Leslie and Upton 1999). The Uruguay Round of the GATT
(1986 to 1994) committed member countries to reducing
export subsidies, with preferential treatment for developing
countries. Whereas developed countries were required to cut
tariffs and export subsidies by at least 36 per cent, a cut of 24
per cent was agreed for developing countries. Furthermore,
a group of least developed countries were not required to cut
tariffs at all. This trend in tariff reduction demonstrates considerable progress since the establishment of the GATT and
recognition of the particular needs and capacities of developing countries.
The Uruguay Round of the GATT also led to the establishment of the WTO, with the additional task of minimising nontariff barriers to trade. Health standards related to trade in
animals and plants are covered by the SPS Agreement. As previously indicated, the OIE is mandated by the WTO to develop
animal health standards for the SPS Agreement, and these
standards are published in the Code.
Since the late 1990s the global meat and dairy market has
followed a similar trend to markets generally, with gradual
removal of tariff barriers in accordance with GATT agreements. However, access to these markets for developing countries has been seriously hampered by the growing application
of non-tariff barriers (Athukorala and Jayasuriya 2003).
In spite of the mandated task of the WTO, the dismantling
of tariff barriers under the GATT has increasingly been substituted in livestock commodity trade by non-tariff barriers,
notably measures requiring higher SPS standards to protect
domestic markets under the guise of animal disease and food
safety concerns (Athukorala and Jayasuriya 2003). It follows
that attempts to improve international market access for
livestock producers in the developing world must include
improving the capacity of these countries to operate within
the SPS Agreement and the Code, while ensuring that the
requirements are equitable, justifiable and effective. However,
changes to the Code would have to be scientifically based to
conform to the principles of the OIE and the WTO. The need
for a more equitable system is evident not only from the
continuing isolation of many poorer countries from global
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livestock commodity markets, but also from increasing
opportunities for so-called ‘least developed countries’ to supply the growing demand for meat and dairy products to ‘more
developed’ developing countries (sometimes referred to as
‘low income countries’), that is, markets resulting from the
‘Livestock Revolution’ (Delgado and others 1999).
ANIMAL DISEASE CONTROL AND
INTERNATIONAL TRADE
Conventional approach: disease eradication
Within the SPS Agreement of the WTO, the underlying principle of the Code is that countries that are historically free of
TADs, or that have instituted measures to become so, present
the lowest risk of exporting potentially damaging TADs
through export commodities. Each important animal disease
is covered by a different chapter of the Code. As already indicated in relation to HPAI, ND and CSF, it is not practically feasible for even developed countries to eradicate all TADs.
For developing countries, disease eradication is even less
feasible and has provided few benefits with regard to international trade. Even though rinderpest eradication has been
achieved in most developing countries, the persistence of
other TADs effectively limits trade opportunities. Crucially,
unless a country can convince the international community
and its trading partners that it is free in its entirety from most,
if not all, trade-sensitive TADs/List A diseases, export of livestock commodities is difficult and often impossible. In developing countries, comprehensive disease eradication schemes
covering more than rinderpest have rarely been implemented,
for a variety of resource, technical and operational constraints. Developing countries, especially those in subSaharan Africa, are poor and tend to rely heavily on donor
support for animal disease control programmes. Although
these programmes may demonstrate impact during their lifetime, the resources that are required to maintain the benefits
of aid programmes are often beyond the capacities of these
countries.
A possible alternative to national-level TAD eradication is
eradication on a zonal basis. Indeed, the OIE recognises the
potential to eliminate specific TADs from a zone or zones
within an otherwise infected country. The approximately 170
OIE member countries can apply to the OIE for official recognition of freedom from four specific diseases (FMD, rinderpest, contagious bovine pleuropneumonia and BSE) on either
a national or zonal basis. For other TADs, the Code recommends measures to achieve acceptable levels of risk when
imports are considered, and accepts that complete freedom
from risk, that is, risk-free trade, is unattainable. However,
approaches to the eradication of TADs other than the four
mentioned above and provisions for assessment by the OIE are
not available.
Many developing countries have strategies and policies
aimed at establishing so-called ‘disease-free zones’ from which
all TADs affecting trade will be eradicated. However, the
requirements for free zones applicable to more than one disease are not covered by the Code because ‘free zones’ as
defined in the Code are disease-specific. Many countries
(particularly in Africa) have to deal with a range of TADs
simultaneously and therefore technical considerations can
be extremely complex. The question arises, therefore, as to
whether these problems could be addressed more effectively
by an alternative approach.
Alternative approach: commodity-based trade
At present the Code accepts the principle that some livestock
commodities pose little disease risk irrespective of the occurrence of TADs in the country or zone of origin. This is because
some commodities do not contain transmissible quantities of
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infectivity. However, a comprehensive, commodity-based
approach to enabling trade has yet to be developed in the
Code or appreciated by exporters and importers. Essentially,
freedom from dangerous infections is not necessarily a
prerequisite for countries to trade safely in some livestock
commodities. The Code defines commodities as ‘animals,
products of animal origin intended for human consumption,
for animal feeding, for pharmaceutical or surgical use or for
agricultural or industrial use, semen, embryos/ova, biological
products and pathological material’.
When considering the biological safety of traded livestock
commodities, the concept of ‘acceptable risk’ is of fundamental importance; this is also referred to as the ‘appropriate level of protection’ (ALOP). For some commodities – for
example, beef from which the bones and lymph nodes have
been removed – the risk of transmission of TADs is low,
because viruses that cause diseases such as FMD, Rift Valley
fever and rinderpest are unable to withstand the low pH associated with postmortem maturation of beef. The animal disease situation in the region of origin clearly has much less
influence on the biological safety of such beef than the fact
that the animals from which the beef was derived were healthy
at the time of slaughter, and the levels of hygiene practised
in the abattoir and packaging plant (Sutmoller and Casas
Olascoaga 2003). Of course, for some commodities such as
live animals, the animal health situation in the area of the animals’ origin is vital in determining risk. Therefore, the nature
of the commodity largely defines the risks posed, and the risk
management required is consequently largely dependent
upon the nature of the commodity.
The overall risk of trade in a particular commodity is a
function of the composite risks it may contain. For example,
apart from multiple infectious agents, pesticide or drug residues may also potentially contaminate the commodity in
question. Estimation of the overall risk posed by a commodity will determine not only the acceptability of the commodity for the importing country, but also the price the importer
is prepared to pay. The current disease-by-disease approach
of the Code presents a significant logistical problem to efficient trade because generic standards recommended for commodities are not provided. To assess the overall risk of a
commodity, users of the Code have to study several Code
chapters and then reach a conclusion based on intuitive analysis of disparate information. Alternatively, a formal risk
assessment considering all the important factors involved may
be undertaken. However, this is expensive and time-consuming, and therefore beyond the capacity of many developing
countries.
For countries in developing regions around the world a
commodity-based approach would be a pragmatic way of
ensuring levels of acceptable risk for particular commodities
without necessarily being required to prove freedom from
trade-influencing infections. This would provide opportunities for trade and improved income generation without
threatening importing countries with outbreaks of TADs.
Commodity processing
Processing of commodities frequently provides an effective
method for risk mitigation. It offers additional opportunities for access to export markets by countries where tradeinfluencing diseases or infections occur. Once again, although
this concept is recognised by the Code, there is arguably too
much emphasis on disease freedom and insufficient guidance
on commodity processing for risk management.
The processing of agricultural products to improve their
keeping qualities and appeal to human tastes is as old as the
beginning of human civilisation and, for that reason, is a
highly developed art and science. Many of these processes,
because they were originally primarily intended to inhibit
putrefaction caused by bacteria, are effective in reducing
The Veterinary Record, October 2, 2004
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FIG 1: Commodity processing provides an effective method of
risk mitigation as well as bringing employment benefits to
local communities in developing countries

microbial content and may therefore entirely remove human
pathogens and TAD-causing agents, or at least reduce the risk
of a given product containing transmissible quantities of
infectivity. International trade in processed foods has
increased rapidly in the past 30 years, although fish and fruit
products have dominated this increase (Athukorala and
Jayasuriya 2003).
Standards for processing edible livestock commodities are
defined, as already indicated, by the Codex Alimentarius
Commission and detailed in the Codex Alimentarius, while
definition of risk-mitigation measures against transmission
of TADs is a function of the Code. Thus, for situations where
a commodity may pose risks for transmission both of TADs
and agents pathogenic for human beings, there is a dichotomy. This is recognised as a problem by the OIE and FAO/WHO,
and these bodies have already taken steps to cooperate more
closely to provide more integrated standards.
A long-standing problem in developing countries is that
raw agricultural products are often exported at low prices
only to be processed elsewhere, where relatively high value is
added to the product. In the case of livestock commodities,
importers have accepted that a commodity from an ‘infected’
location is inherently risky. However, well organised and regulated commodity processing in developing countries would
enable local processing and, therefore, local capture of valueadded benefits while concomitantly reducing the risk of
pathogen transmission (Fig 1).
The commodity-based approach outlined above, combined where necessary with local processing, will usually
provide the ALOP for livestock commodities other than live
animals. This is far easier and less expensive to achieve than
current attempts to eradicate TADs. That, of course, does not
mean that, where possible and cost-beneficial, eradication or
establishment of disease- or infection-free zones should not
be attempted. However, that should not necessarily be the first
or only recourse.
Certification
A key issue affecting safe trade in livestock commodities is the
certification of ‘acceptable risk’ (or ALOP) of commodities by
exporters, and the degree to which importers trust the certification process. By international convention, the head of the
veterinary service of the exporting country has ultimate
431
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responsibility for certification (Article 1.2.1.3 of the Code).
However, non-acceptance of health certificates in relation to
animals and animal products is a worldwide problem and is
especially acute for developing countries. For example, disease freedom accorded by the OIE to member countries is frequently not accepted without further verification by major
trading nations/blocs such as the USA and European Union
(EU), which have additional requirements.
A list of general responsibilities with which the exporting
country should comply, and therefore which the head of the
veterinary administration or delegated representative should
certify, is provided in Article 1.2.1.3 of the Code. These
include details on matters relating to the general animal disease situation in the country concerned, reporting of disease
occurrence, diagnostic capacity, control measures, details of
vaccines and testing procedures, as well as the structure and
functionality of the veterinary service. There are also provisions dealing with the competence, integrity and impartiality of officers responsible for certification. For some specific
commodities the OIE recommends measures instead of or
additional to these general provisions. However, these are
generally made on a disease-by-disease basis and not, as previously indicated, generically for commodities. The difficulty
of establishing methodologies to measure the credibility of
such certification has been highlighted by Stärk and others
(2002).
The above system is logical where assurances as to the
disease or infection status of the region of production is
important because, arguably at least, the only body capable of
defining the animal health situation of a large geographical
area is the veterinary administration appointed by the State
to maintain and protect animal health in that area. When it
comes to certification of commodities other than live animals,
the issue is usually more complex because other factors, such
as the quality of processing, come into play, and there may
be significantly different requirements between commodities.
Importers often require assurances of quality that are wider
than microbiological safety in respect of TADs, for example,
standards of hygiene involving contamination potentially
pathogenic for people, definition of hormone/drug residue/
pesticide/heavy metal content, as well as commodity-specific
quality standards. Increasingly, other factors are also important to importers in developed countries, such as assurance
that environmentally friendly production methods have been
employed, as well as issues related to exploitation of labour,
other social considerations and animal welfare. Clearly, the
certification process will become more complicated with
time, and veterinary administrations responsible for certification will have to build links with those qualified to provide
the additional requirements.
Other issues arise in relation to reliability of certification,
chief among which is the reliability of all-encompassing
animal health certification over a wide area because animal
disease occurrence is often sudden and unpredictable and also
dependent upon the intensity of surveillance. Although there
are general guidelines for the assessment of veterinary services
(OIE 2003), minimum acceptable standards are not quantified. Even if they were, it would be impractical to be sure that
the standards are being maintained in a given locality at a
given time. This is particularly so in developing countries. All
this, however, tends to ignore a basic reality: it is the composite risk posed by the commodity itself that is the overriding factor, and this may not be entirely dependent upon
the general animal health situation and related factors in the
area of production. The question is, therefore, is there a way
to improve the certification process?
A possible alternative is that while governments retain
authority and responsibility for the safety of commodity
exports, the certification could be subcontracted or even
devolved to specialised bodies affiliated to international stan432

dards organisations. Such bodies – which could be in either
the international agency or private-sector domains – would
themselves need to be registered and audited by the parent
international standards authority. It may not be wise for the
OIE to fulfil this role because the OIE would then be both standard-setter and technical adviser to the WTO in trade disputes
that may arise.
It is therefore contended that certification of commodities
derived from animals should be reconsidered jointly by the
OIE and the Codex Alimentarius through consultation with
members and partners.
DISCUSSION
Increased agricultural trade is recognised as a vital means of
alleviating poverty and stimulating international growth
(Beierle and Diaz-Bonilla 2003, Orden and others 2004), and
this paper has highlighted the importance of non-tariff barriers in relation to trade in livestock commodities. A review
of existing international standards designed to reduce the
transmission of TADs shows that these standards do not guarantee health safety for industrialised countries, and contribute
to the exclusion of many developing countries from international markets (Athukorala and Jayasuriya 2003). This paper
proposes that a commodity-based approach to livestock trade
would offer the benefits of achieving acceptable levels of risk
for particular commodities without necessarily requiring
proof of absence of trade-sensitive TADs. Greater recognition
of these principles would greatly facilitate global trade and
provide more equitable access to international markets for
developing countries. Furthermore, such an approach is likely
to benefit trade between developed countries when it comes
to commodities derived from animals.
Assuming that the concept of commodity-based trade
becomes more widely accepted, two immediate challenges
arise. The first is the need to amend current international
agreements, guidelines and modes of operation to better facilitate trade in commodities. Key stakeholders for these tasks
are the OIE and its member states. The second challenge is to
define and agree on internationally acceptable levels of risk
for particular commodities (that is, the ALOP). This should
recognise the increasing potential of commodity processing
for reducing the risk of transmission of human and animal
pathogens and, consequently, the need for greater cooperation between the FAO/WHO (the Codex Alimentarius
Commission) and the OIE. Food processing as a way of reducing the risk of transmission of TADs has been underutilised.
It is necessary that the bodies responsible for regularising
these interacting factors be prepared to discuss the issues and
reach new accommodations. This may not occur rapidly
unless some outside force makes such a development imperative and facilitates the interaction. Perhaps it will require
developing countries to collectively espouse the idea and
propagate it in the various international forums that are available to them.
In addition to these major tasks, the question of certification, its reliability and independence, and ways of meeting
the challenge of rapid turnover in complex commodity
transactions needs to be considered. The authors agree with
the Code’s requirement that certification needs to be independent to be reliable and have suggested that there are innovative ways of achieving this, for example, by devolving some
of the tasks and responsibilities to agents/bodies that have
authorisation, affiliation and contractual obligations to abide
by the principles and practices of an international standards
organisation. This would imply concurrent strengthening of
the OIE and Codex Alimentarius for setting standards for safe
commodity-based trade, and the veterinary administrations
of the exporting countries in continuing to ensure effective
The Veterinary Record, October 2, 2004
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animal health services and sanitary control as laid down in
the Code.
Although the authors consider detailed revision of the
Code, and possibly the Codex Alimentarius, to support commodity-based approaches to be a priority, two other important issues arise. The first is the tendency for large trading
blocs/powerful nations to set their own standards and practices that are not always in accord with the OIE or Codex
Alimentarius. As an example, although the EU has recently
published laudable and ambitious intentions so far as removal
of export subsidies and other measures to aid developing
countries are concerned (Anon 2004), the same document
outlines agricultural commodity import procedures that are
not strictly in line with international procedures and standards. Thus, developing nations are effectively excluded from
the standard-setting mechanisms.
The second issue is the dominant position of giant
transnational food-processing and retail companies in international markets for agricultural products. It is estimated
that a group of around 30 transnational companies currently
control one-third of retail sales of agricultural products
globally, and these companies have sufficient buying power
to set their own health and welfare standards (Vorley 2004).
This situation supports supply chains characterised by
vertical integration and, consequently, the exclusion of
producers who cannot meet the private standards. In practice this manifests as promotion of relatively large suppliers
with capital, access to technology and capacity to respond
rapidly to changing buyer demands. Furthermore, the WTO
appears to have limited capacity to police these privatesector initiatives.
Regarding tariff barriers, at present the most lucrative
markets for most commodities are in the developed world.
However, agricultural production in developed countries is
sometimes highly subsidised, leading to both artificially low
prices of local produce and subsidised exports (Athukorala
and Jayasuriya 2003). The scale of this problem is illustrated
by the gross disparity between the cost of subsidising
agriculture in industrialised nations and the benefits from
trade in agriculture for exporters in developing countries.
Industrialised countries spend approximately US$1 billion in
agricultural subsidies every day, equivalent to the gross
annual revenue Africa derives from the export of livestock
commodities (Tambi and others 2002). Global levels of
poverty require that such imbalances and access to developing markets by poor countries be urgently addressed.
Although over 1·2 billion people continue to live on less than
$1 per day and twice that number (nearly half the world’s
population) survive on less than $2 per day (Steinfeld 2003),
dairy cows in the EU are subsidised at the rate of $2 per day
(Oxfam 2002). Industrialised countries have recently made
commitments to reduce global poverty through the United
Nations Millennium Development Goals and to reduce their
agricultural subsidies, but such change is likely to be both
slow and complicated as a result of domestic political pressures.
The authors conclude that the trend towards increasing
application of inappropriate non-tariff trade barriers,
particularly animal health standards, needs urgent redress.
A concerted effort by the relevant international agencies to
promote commodity-based livestock trade would be an
important contribution to economic growth in developing
regions, while also encouraging trade between developed
regions.
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