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Abstract

Background: This article is based upon data gathered during a study conducted in partnership with the World
Intellectual Property Organization on the patent status of products appearing on the World Health Organization’s
2013 Model List of Essential Medicines (MLEM). It is a statistical analysis aimed at answering: in which developing
countries are patents on essential medicines being filed?

Methods: Patent data were collected by linking those listed in the United States and Canada’s medicine patent
registers to corresponding patents in developing countries using two international patent databases (INPADOC and
Derwent) via a commerical-grade patent search platform (Thomson Innovation). The respective supplier companies
were then contacted to correct and verify our data. We next tallied the number of MLEM patents per developing
country. Spearman correlations were done to assess bivariate relationships between variables, and a multivariate
regression model was developed to explain the number of MLEM patents in each country using SPSS 23.0.

Results: A subset of 20 of the 375 (5%) products on the 2013 MLEM fit our inclusion criteria. The patent estate reports
(ie, the global list of patents for a given drug) varied greatly in their number with a median of 48 patents (interquartile
range [IQR]: 26-76). Their geographic reach had a median of 15% of the developing countries sampled (IQR: 8-28%). The
number of developing countries covered appeared to increase with the age of the patent estate (r = 433, p = 0.028). The
number of MLEM patents per country was significantly positively associated with human development index (HDI), gross
domestic income (GDI) per capita, total healthcare expenditure per capita, population size, the Rule of Law Index, and
average education level. Population size, GDI per capita, and healthcare expenditure (in % of national expenditure) were
predictors of the number of MLEM patents in countries (p = 0.001, p = 0.001, p = 0.009, respectively). Population size was
the most important predictor (3 = 0.59), followed by income (GDI per capita) (3 = 0.32), and healthcare expenditure

(B = 0.15). Holding the other factors constant, (i) 14.3 million more people, (i) $833.33 more per capita (GDI), or (jii) 0.88%
more of national spending on healthcare resulted in 1 additional essential medicine patent.

Conclusion: Population was a powerful predictor of the number of patent filings in developing countries along with GDI
and healthcare expenditure. The age and historical context of the patent estate may make a difference in the number of
patents and countries covered. Broad surveillance and benchmarking of the global medicine patent landscape is valuable
for detecting significant shifts that may occur over time. With improved international medicine patent transparency by
companies and data available through third parties, such studies will be increasingly feasible.
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Background

The World Health Organization’s (WHO) Model List of
Essential Medicines (MLEM) [1] identifies effective
health products that all persons should, at a bare mini-
mum, have access to, regardless of where they live or
how much money they have. Updated biennially, the
products appearing on the MLEM are typically older
and off-patent. However, over the past 15 years, several
newer medicines for treating HIV and other diseases
have been added to the list [2]. As these medicines were
both patented and expensive, friction arose between ad-
vocates of intellectual property protection and advocates
of essential medicine access [3]. These debates continue
today and extend beyond HIV to other disease burdens,
such as hepatitis C and cancer [4, 5].

Price is an important determinant of access to essen-
tial medicines [6]. As prices may be elevated where pat-
ents are protected, there has been concern that patent
protection may indirectly impact access [7]. Others have
argued that more market launches occur sooner where
patents exists, thereby facilitating access [8, 9]. Either
way, patents have potential to indirectly influence medi-
cine access. It is therefore important to monitor the fun-
damental matter of where manufacturers have filed
patents on MLEM products globally [10, 11]. There have
been many medicine patents landscape studies with rela-
tively narrow focus upon one or more specific medicines
[12-18], upon a limited sample of purposefully-chosen
developing countries, and upon specific types of patents
on aspects of the medicines that are more likely to block
generic competition (e.g., compound patents). Fewer
have taken broader scope, surveying relatively larger sets
of medicines and developing countries to provide an
overview of the landscape [19, 20].

While both approaches hold value, the current under-
taking assumes a wider scope. It is an update in a series
of studies that survey the essential medicine patent land-
scape in developing countries using contemporaneous
editions of the MLEM (i.e., 2004 [21], 2009 [22], and
2011 [23]), on a large portion of the world’s developing
countries, and on patents pertaining to any aspect of the
medicine (e.g., formulation, method of use). This article
details statistical analyses performed upon the data
collected during the fourth study to follow in this trad-
ition of surveying the entire essential medicine patent
landscape, which used the 2013 MLEM and was pub-
lished by the World Intellectual Property Organization
(WIPO) in April 2016 [24, 25]. This study built upon its
predecessors by increasing the developing country sam-
ple size (2004: 65; 2009: 9; 2011: 95; current study: 137)
and by verifying the data with supplier companies (in
contrast to the 2009 and 2011 studies), making it the lar-
gest study on the essential medicine patent landscape to
our knowledge. The present article’s research question
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is: in which developing countries are patents on essential
medicines being filed? This study also aims at describing
the size and geographic reach of MLEM patent estates
in developing countries over time.

Methods

The international patent data collection was completed
in three phases: (i) identifying which medicines from the
MLEM could be considered “patented” using the United
States Food and Drug Administration’s Orange Book
[26], Health Canada’s Patent Register [27] and Drug
Product Database [28], and previous studies [21-23]; (ii)
linking these patent data to related patents abroad using
international patent databases (INPADOC [29] and
Derwent [30] via Thomson Innovation [31]) and creating
a preliminary landscape report; and finally (iii) ap-
proaching each medicine supplier with our preliminary
data and requesting their feedback. We did not discrim-
inate or distinguish between patent types (e.g.,
compound, formulation, method of use, process); all pat-
ents that were identified through the data collection and
verification process were included. However, our focus
was upon developing countries, and therefore, we
excluded those categorized by the World Bank as “High”
income or as having “Very High” development desig-
nation by the United Nations [32, 33]. Nine of 11
companies participated in the study. The fieldwork
was undertaken in September 2014 — May 2015 using
the 2013 MLEM as it was the latest available when
the study commenced. More details on our method-
ology for this phase of the study are available in the
web supplement (see Additional file 1) and in the
WIPO report [25].

With the data returned from supplier companies, we
conducted a concordance study to understand how their
records compared to what we had found in international
patent databases. This full analysis is published else-
where [34, 35]. Some disagreement between these lists is
expected because international patent databases are not
updated in real time and their reach into many develop-
ing countries is limited. This is why verification proce-
dures are important in landscape studies like this one.
The agreement of the product-patent-country combina-
tions between the two datasets was overall reasonably
good at 83% (1060/1280), though its precision varied
widely by product. As for the disagreement between the
datasets (n = 220), 57% (n = 126) were instances wherein
our report showed a patent record, but the companies’
records did not. Conversely, 43% (n = 94) were instances
wherein companies’ records showed a patent filing, but
ours did not. In instances of discrepancies, data from
supplier companies were taken for the current study be-
cause it was deemed more up-to-date.
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We organized the combined data into a table with the
MLEM medicines as the row headers (horizontally) and
the developing countries as the column headers (verti-
cally), and then tallied number of patents relevant to
each drug-country combination. This data table served
as the basis for our statistical analyses. This table is
made available as an excel file in the web supplement
(see Additional file 2) and in the WIPO report [25].

Statistical analyses were carried out using SPSS 23.0
[36]. A p value <0.05 was considered significant. A one-
tailed Spearman correlation analysis was performed to
assess whether the age of the medicine’s patent estate
(i.e., the global list of patents for a given drug) was asso-
ciated with the number of countries listed in them. To
do so, we retrieved the first marketing approval date for
the medicines in our sample from the Orange Book [26]
(or the Purple Book for biologics [37]) as well as the first
publication date listed in the Merck Index [38] (a scien-
tific reference publication that lists patents of thera-
peutic compounds). Spearman correlations (two-tailed)
were also done to assess bivariate relationships between
the number MLEM patents per country, the number of
MLEM drugs patented per country, and the develop-
ment indicators. A multivariate regression model was
developed to explain the number of MLEM patents in
each country. Robust multivariate regressions were per-
formed using the bootstrap procedure to ensure accurate
and generalizable results because some variables were
not normally distributed [39]. Variables to be included
in the model were selected a priori on a theoretical basis
to avoid over-fitting the data [39]. Indeed, the model was
built upon previous evidence suggesting that patent fil-
ings follow high-value national markets [21, 22]. We
focused on commonly used development indicators
which were widely available for the countries contained
in the sample [21-23]. Selected variables were popula-
tion size (in millions), gross domestic income (GDI) per
capita, and total healthcare expenditures (as a percent-
age of gross domestic product [GDP]) [33, 40]. Total
healthcare expenditures as a percentage of GDP was
chosen instead of total healthcare expenditures per
capita because of multicollinearity between this last indi-
cator and GDI per capita. Absence of multicollinearity
between independent variables was assessed using a vari-
ance inflation factor test. In additional models, we fur-
ther adjusted for the Gini Index [41], and the Rule of
Law Index [42], separately. The Rule of Law Index is a
composite score compiled by the World Justice Project
and may be suggestive of the general strength of coun-
tries’ legal systems, though intellectual property law is
not given specific consideration [42]. As patents confer
the right to patent holders to pursue financial compen-
sation from infringers in law courts, we hypothesized
companies may be more likely to file patents in
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countries where the legal system is strong (and the Rule
of Law Index score is accordingly high). In both cases,
the additional determinant (either Gini Index or the Rule
of Law Index) was not significant, other determinants
were similarly associated with the outcome and we lost
some statistical power (n decreased from 129 to 60 and
69, respectively). Therefore, we present only the original
model here. Standardized beta values were used to pro-
vide insight into the relative importance of predictors in
the model [39]. These values tell us the number of
standard deviations that the outcome (number of MLEM
patents) will change as a result of one standard deviation
change in a predictor (population, GDI per capita or
healthcare expenditures) [39].

Disclaimer

As stated above and elsewhere [25], most of the patent
data discussed in this study have been verified by the
companies. However, because of the temporally dynamic
nature of the legal status of patents (e.g., patent applica-
tions can be granted belatedly or granted patents can be
invalidated), a small number of errors are likely to re-
main even after several rounds of verification, although
not so many as to materially affect our conclusions.
While satisfactory for an academic study, we stress that
these data are not sufficient for evaluating legal freedom
to operate for commercial purposes. Given the serious
legal consequences of patent infringement, no promise
or warranty as to the accuracy of the data is made or im-
plied, and we strongly recommend that anyone wishing
to rely on these findings obtain independent legal advice
before doing so.

Results

Our sample included 20 of the 375 drugs (or about 5%)
on the 2013 MLEM which had some kind of patent pro-
tection in at least one developing country. Across the 20
drugs and 137 countries, we found 1735 patent filings
overall. Most of these medicines were for HIV (13 of
20); the remaining ones were antibiotics, other anti-
virals, or were for non-communicable diseases (cancer
and gastroesophageal reflux). The web supplement lists
our sample of medicines and where patents were located
(see Additional file 2). One-third of the countries (7 = 44)
had no essential medicine patent filings whatsoever. Op-
positely, Table 1 shows the top-10 countries where we
found the most essential medicine patent filings.

Table 1 Top-10 developing countries for MLEM patent filings

1. China 6. Brazil

2. Mexico 7. Turkey

3. Romania 8. India

4. Philippines 9. South Africa
5. Bulgaria 10. Indonesia
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Size and geographic reach of the patent estates over
time

We found that the 20 patent estate reports varied greatly
in their number with a median of 48 patents, a range of
1-173 patents, and an interquartile range (IQR) of 26-76
patents. Their geographic reach had a median of 15%, a
range of <1-44%, and an IQR of 8-28% of developing
countries. The marketing approval dates according to Or-
ange Book [26] (or Purple Book [37] for biologics) ranged
from 1987 to 2016 (median: 2003; IQR: 1998-2007). We
found a statistically significant positive correlation be-
tween the number of countries listed in the patent estates
and their age based on the first marketing approval date
recorded in the Orange Book (or Purple Book) (r = 0.433;
p = 0.028). On the other hand, when we used the patent
publication date listed in the Merck Index [38] to date the
patent estates, we found no correlation.

Where are MLEM patents being filed?

Correlations between the number MLEM patents per
country, the number of MLEM drugs patented per
country, and development indicators are presented in
Table 2. As expected the number of MLEM patents and
the number of MLEM drugs patented per country were
highly associated (r = .995; p < 0.0001). Consequently,
and for brevity, we only discuss the number of MLEM
patents per country from now on. The number of
MLEM patents per country was significantly positively
associated with population size, GDI per capita, total
healthcare expenditures per capita, HDI, average educa-
tion, and the Rule of Law Index, but it was not associ-
ated with the Gini Index, total healthcare expenditures
(as a percentage of GDP), or life expectancy at birth.

Table 3 presents the multivariate regression model
predicting the number of MLEM patents per country.
Population size was the most highly significant positive
predictor of the number of MLEM patents per country
(p = 0.001), followed by wealth (GDI per -capita;
p = 0.001), and total healthcare expenditure (as a pro-
portion of the GDP; p = 0.009).

Based on standardized beta values, population size was
the most important predictor of the number of patents
in a country (B = 0.59). Holding the other two factors
constant (income and healthcare expenditure), an in-
crease of 1 million persons was associated with an in-
crease of 0.07 essential medicine patent filings. GDI per
capita was the second strongest predictor and was about
half as strong as the population variable (f = 0.32). An
increase of $1000 GDI per capita was associated with an
increase of 1.2 essential medicine patent filings when
holding the other two factors constant (population and
healthcare expenditure). The healthcare expenditure
variable was the least strong predictor and was about
half as strong as was GDI per capita (B = 0.15). Holding
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the other two factors constant (population and income),
an increase of 1% of GDP spent on healthcare was asso-
ciated with an increase of 1.14 essential medicine patent
filings. In other words, holding the other factors con-
stant, (i) 14.3 million more people, (ii) $833.33 more in-
come per capita (GDI), or (iii) 0.88% more of national
spending on healthcare resulted in 1 additional essential
medicine patent. This model accounts for 44% of the
variance in the number of MLEM patents per country
(r* = 0.44). The regression equation is:

Number of MLEM patents = -5.95 + (0.07x population)
+ (1.20y GDI) + 1.14z

Where: (total health care expenditure)

x = population size (in million)
y = GDI per capita (in $1000)
z = total healthcare expenditure (in percent of GDP)

Discussion

This study has investigated what factors might influence
where companies direct their patent filings on essential
medicines in the developing world. We found that (i)
older patent estates in our sample tended to cover more
countries than newer ones, and that (ii) countries with
larger potential market size (large populations with
higher wealth and healthcare spending) tended to attract
more patent filings. We discuss these results in more de-
tail below, including how these compared to previous
study completed a decade ago [21]. We compare with
the 2004 study [21] because its results are available in
the published literature (the 2009 and 2011 studies are
not). Further, we followed a similar verification proced-
ure to the 2004 study, which increases the comparability
of the findings.

Size and geographic reach of the patent estates over
time

The 2004 study found at least one filing in a median of 18%
of the developing countries sampled (17 medicines/65
countries; IQR: 11-32%). This was somewhat larger than
present findings (median 15%; 20 medicines/137 countries;
IQR: 8-28%), especially those patent estates surveyed with
the relatively highest coverages. The maximum coverage in
the current study was 44% of developing countries (pegy-
lated interferon alfa 2a), whereas four medicines were above
this threshold in 2004 (abacavir: 74%; lamivudine: 71%, ne-
virapine: 61%, and nelfinavir: 48%).

These size differences may be explained by the patent
estates’ ages at the time of these studies. Those in 2004
were notably newer at the time (median time since US
market entry: 8 years; IQR: 6-10 years) than in the
current study (median: 12 years; IQR: 7-17 years). While
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Table 3 Linear regression model of predictors of number of MLEM patents in developing and emerging countries (n = 129)

b* P SE B? B p R?
Constant —5.95 (-14.10, 1.31) 445
Population (in million) 0.07 (0.05, 0.20) 0.01 59 p =0.001
GDI per capita (in 1000%) 1.20 (0.55, 1.77) 026 32 p = 0.001
Total healthcare expenditure (% of GDP) 1.14 (038, 2.16) 0.54 15 p = 0037
Model R? 044

#95% bias corrected and accelerated confidence intervals reported in parentheses

PConfidence intervals and standard errors based on 1000 bootstrap samples

we report above the positive correlation (r = 0.433;
p = 0.028) between patent estates’ ages based on the
Orange Book (or Purple Book) and their number of
patents, we did not find the same relationship when re-
analyzing the data from the 2004 study (in fact, we
found a tendency in the opposite direction [p = 0.085]).
Similarly, we did not find an association in the data from
the 2004 study when the age of patent estates was based
on Merck Index [38]. This discrepancy may be indicative
that marketing approval dates are causing an artifact, or
that they are a better indicator for when secondary
patenting activity may become accelerated [43]. Further
investigation of both data showed that medicines which
came to market between 1995 and 2005 had an espe-
cially high number of patent filings. This is illustrated in
Fig. 1. This apparent high period for medicine patent
filing activity may explain why the direction of the cor-
relation seemed to have shifted between the two studies.

There are several reasons rooted in the history and
politics of 1995-2005 that could explain why there may
have been uniquely high patent filing activity in develop-
ing countries at that time. The Trade-related Aspects of
Intellectual Property Agreement (TRIPS) was instituted
in 1995 [44], which initiated a period of patent law
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Fig. 1 Essential medicine patent filings across medicine sample in
developing countries

synchronization amongst its 147 member states. Also,
this same timeframe was a significant breakthrough
period for HIV treatments (which constitutes many of
the medicines in our sample). Further, this was when the
global HIV epidemic began to draw serious attention
from high-income countries and when many medicine
access campaigns were launched. These dynamics and
unprecedented pressures may have led many drug
makers to become especially active in filing patents in
developing countries. Still, several of the patent estates
(didanosine, efavirenz, lopinavir + ritonavir, ritonavir)
stemming from this high period appeared to be larger in
the current study than in 2004, which may simply be
due to patent filing on secondary aspects of the medi-
cines (e.g., heat-stable formulations), or unusually large
lags in patent filing times between developing countries
that were not yet reflected in the 2004 study’s data.

Where are MLEM patents being filed?

While our study corroborates previous findings regard-
ing the importance of economic indicators in predicting
where higher numbers of patents are filed in the devel-
oping world [3, 21-23], population size was the most
powerful predictor in our model. This brings an add-
itional layer of nuance to the previous patent surveys on
the MLEM, as they focused more predominately on
economic indicators. Studies from other sectors and
contexts have also observed concentrations of patents
corresponding to concentrations of people [45]. Indeed,
we found that a disproportionally high share of the pat-
ents were in the developing world’s most populated
countries, though there are some major exceptions, such
as Bangladesh. For instance, India, Indonesia, and the
Philippines appear in the top-10 list in Table 1, even
though they have relatively low incomes per capita.

This finding regarding population size is an occasion to
underscore that the scale of patent estates’ geographic
coverage is not necessarily indicative of their potential to
influence medicine access from a global population health
perspective because populations are not distributed
equally across countries. Others have made this objection
previously in the literature [46, 47]—a point that may
eventually become more urgent now that countries like
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India have adjusted their patent laws to be TRIPS-
compliant (even though there has only been one compul-
sory license for export from Canada to Rwanda). For in-
stance, two effective patents in India and China alone
pertains to a population of 2.7 billion people. This is a
large proportion of the developing world’s population, es-
pecially when considering that these countries are major ex-
porters of medicines to lower income countries (regardless
of whether there any patents filings in importing coun-
tries). Therefore, just two patents could have an enormous
impact. While this concerns an admittedly small subset of
the MLEM, these patented medicines are of serious global
public health interest in specific cases (e.g., curative treat-
ments for hepatitis C) and should not be minimized [48].
Narrowly focused patent studies are useful for further
evaluating these potential problem areas on a case-by-case
basis [12-18].

We hope the way in which we have quantified our
findings provide additional rationale for directing such
targeted studies where more medicine patent filings are
likely to be found consistently. These outcomes may also
be useful for incorporating into economic development
models or for future comparative studies. For example,
how will a patent survey of the 2023 MLEM compare in
terms of the number of developing countries typically
covered by those patent estates? How would its findings
compare in terms of the increases in population size,
income, and health spending that are predictive of an in-
crease of 1 additional essential medicine patent?

Limitations

This study must be interpreted in light of its limitations.
Indeed, others have critiqued our validation procedure
with patent-holding companies [49, 50]. The objection is
that these companies have a conflict of interest that may
prevent them from reporting honestly. We feel, however,
it would be a mistake to exclude companies willing to be
transparent about their own international patent hold-
ings. Further, it is unclear whether such a conflict of
interest would lead companies to over- or under-report
their patent holdings. Therefore, we have instead chosen
to seek their participation and report upon the discrep-
ancy between the datasets so readers can have a sense of
what changes were made and the direction of these
changes (i.e., whether the final dataset was smaller or
larger). Another caveat about our study was that it did
not distinguish between the patent types (e.g., patents
on the chemical compound versus formulation patents)
nor does it distinguish between the patent families. To
compensate for this, we reported on the patent estates’
ages since newer patent estates likely include those upon
the active ingredient while older ones are likely to per-
tain more to secondary aspects of the medicine, such as
its formulation [51]. An additional limitation is that the
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presence of patents does not necessarily entail medicine
access challenges; in fact, some studies have argued the
opposite may be true—countries with lower levels of in-
tellectual property protection may have fewer market
launches and therefore lower access [8, 9]. Future studies
linking procurement data with patent data would be able
to investigate more directly the matter of whether there
is an actual access problem attributable to a presence or
absence of patents, rather than just the potential for one.
Such studies would also ideally account for drug prices,
for WTO membership, and for the use (or non-use) of
TRIPS-flexibilities that allow for generic access even
where patent-holding companies intend to enforce their
patents rights (e.g., Least Developed Countries have until
2021 to bring their patent law to be TRIPS-compliant).
Finally, this study focused on the 2013 MLEM because it
was the most current list when the fieldwork was under-
taken. As of publishing, two new editions of the MLEM
will be available (the 2015 and 2017 editions). We have,
therefore, focused this article on results that may be use-
ful comparators, should future patent surveys like the
current one be undertaken again. These MLEM updates
will likely include larger samples of newer patented es-
sential medicines [25], given advances in the treatment
of HCV and in other areas.

Conclusion

In this update to previous studies, we found that essen-
tial medicine patents were typically filed in countries
with higher incomes, with higher healthcare expendi-
tures, and especially with larger populations. Patent
estates’ ages and the historical context from which they
originated appeared to make a difference in the number
of developing countries that they covered. We identified
a time period (1995-2005) wherein there appeared to be
elevated patent filing activity in the developing world.
We hope future similar studies with other samples of
medicines will be able to confirm or revise these findings
(and build upon the methodology to address the limita-
tions discussed above or to factor in medicine availability
or prices). Broad surveillance and benchmarking of the
global medicine patent landscape over time is valuable
for detecting significant shifts that be occurring in pa-
tent filing trends and which may have implications for
medicine access. With advances in international medi-
cine patent transparency and patent data published by
third parties, such studies will be increasingly feasible
(especially considering the data made available through
the Medicines Patent Pool [52]). To avoid previous con-
fusion about calls for “patent transparency” [49, 50, 53],
we are referring to asking companies to publicly disclose
information on their international patent holdings (e.g.,
patent application numbers, expiration dates, the
patents’ legal status); this is a separate issue from third
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party studies about companies’ patents using data ob-
tained from other sources [35, 54]. When companies are
proactively transparent about their patent holdings and
about proactively facilitating equitable access in these
cases, the stage is set for meaningful partnership and co-
operation. We hope such transparency in the name of
global public health will become the industry standard.
Fortunately, some companies [55—57] are moving in this
direction, including those who are now partnering with
the Medicines Patent Pool [58] and score well on the
Access to Medicines Index for transparency [59]. New
partnerships like these may bring new avenues for facing
the unprecedented challenges that will come with ensur-
ing affordable access to the next generations of patented
medicines that have been added to the MLEM.
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