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Chapter 1: The Diseases’

2. Dengue

Like HIV, dengue is caused by a virus. Unlike HIV, it is transmitted from one
person to another, not through direct contact with an infected person’s fluids, but by a
mosquito — specifically, one of two types of mosquito, Aedes aegypti and Aedes albopictus.*

The symptoms generated by a dengue infection vary radically. In a majority of the
cases, it is not manifested at all. In most of the remainder, it produces a set of symptoms
resembling the flu: fever, nausea, skin rash, headaches, and severe joint and muscle pain.
This constellation of ailments, commonly known as “dengue fever” or “breakbone fever” is
unpleasant and debilitating, but typically lasts only 10 days and results in no permanent
impairment.” However, in a small percentage of cases, the disease progresses into the much
more dangerous “dengue hemorrhagic fever” (DHF) in which the person’s blood vessels
begin to leak plasma into the surrounding spaces in his or her body. If the leakage is severe,
it gives rise to “dengue shock syndrome” (DSS), characterized by extremely low blood
pressure. If not treated promptly with “vigorous fluid resuscitation,” DSS can be fatal.’

There are four closely related strains (or “serotypes”) of the dengue virus.” Infection
by one strain confers lifelong immunity to another infection by that strain, but only
temporary (roughly two years) of immunity against infection by one of the other strains. A
second infection is much more likely to lead to DHF or DSS than a first infection —
apparently because of “antibody-dependent enhancement,” a pootly understood
phenomenon.®
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Like HIV and Ebola, dengue appears to have originally developed in monkeys.’
When it made the leap to humans is uncertain. A disease that appeared in China as early as
the fourth century may have been dengue; outbreaks in the French West Indies and Panama
in the 17" century and in Indonesia, Egypt, and Philadelphia in the 18" century were
probably dengue."”  Until World War Two, however, the footprint of the disease was
relatively small. Thereafter, various factors caused it to spread increasingly rapidly: the
transportation of mosquito pupae in wartime ship cargoes to new regions; urbanization and
poverty, which in combination create many small pockets of stagnant water (e.g., plastic
bottles; used tires) in which mosquito larvae flourish; the diminution of DDT spraying,
particularly in Latin America, after the 1960s, which enabled aegyp?i mosquitos to rebound;
and global warming, which has further increased the range of the relevant mosquitos.'
Figure 1, below, shows the incidence of the disease as of 2010.
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As the map makes clear, dengue is now endemic throughout tropical regions of the
world. Today, it infects roughly 390 million people per year. Of that number, roughly 96
million experience symptoms of the disease, and 22,000 die. Asia bears the bulk of the
burden of the disease. As of 2010, India alone had 34% of the cases, and Asia as a whole
had 70%. At that time, only 14% of infections occurred in the Americas (mostly in Brazil
and Mexico), but the disease seems to be spreading especially fast in the Western
hemisphere. In the (southern) summer of 2015-2016, the number of cases reported in Brazil
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has been triple the number reported during the previous year, and Argentina expects to have
a record number of cases.”

There ate, as yet, no effective anti-viral medicines for dengue. Treatment of the
disease is therefore “supportive.” Victims of dengue fever are typically advised to rest and
drink fluids. Victims of DHF and DSS are provided, when feasible, intravenous rehydration.

Because of the paucity of therapies, efforts to combat dengue are currently focused
on two fronts: vector control and the development of the vaccine." The principal vector-
control initiatives are: (a) strategies to reduce the populations of mosquitos, particularly in
urban areas;" (b) protecting people against mosquito bites; and (c) reducing the capacity of
mosquito bites to transmit the virus. All three initiatives are discussed in more detail in the
subsection (below) on malaria.

Efforts to develop a vaccine have been hampered by several factors: the complex
pathology of the diseases; the necessity of addressing all four of the dengue serotypes; and
the difficulty of protecting not just persons who have never been infected, but also persons
who have already been infected by one of the four serotypes and thus are at especially high
risk for DHF or DSS.' Despite these obstacles, several pharmaceutical firms have been
working for decades to develop a vaccine. As of 2010, there were nine such ventures
underway;'’" by 2015, there were six."® One has now emerged from clinical trials:
“Dengvaxia,” a live attenuated vaccine developed by Sanofi using a yellow fever vaccine
backbone, has shown great promise. In the past few months, it have been approved for use
in Mexico, Brazil, Indonesia, and the Philippines, and will soon be approved for use in
India.”

Although Dengvaxia will likely save thousands of lives and enable millions of people
to avoid weeks of misery, for two reasons we should not declare victory quite yet. First,
Dengvaxia falls well short of 100% effectiveness. Indeed, in its stage III clinical trials, it
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prevented only 61% of infections (albeit a higher percentage of DHF cases) and is less
effective in children under nine years old than in adults.”

Second, Sanofi has thus far refused to make public the prices that it anticipates
charging for the vaccine — raising concerns about its accessibility. Sanofi’s commendable
history of inter-country differential pricing (which we will take up in Chapter 3) provides
some assurance that it will engage in socially responsible pricing. However, public reports
(not disavowed by Sanofi) that, by 2020, the company could earn up to 1.4 billion euros per
year from sales of Dengvaxia are troubling.”’ Because few of the countries that are most
seriously threatened by the disease are wealthy, it is not obvious how the company will be
able to generate that much revenue without employing a price structure that places the
vaccine beyond the reach of the poorest countries and persons.

In sum, more work must be done, both to develop additional dengue vaccines and to
ensure that Dengvaxia and its successors are available to the people who most need them.
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