Cholera and the Environment:
An Introduction to Climate Change

Paul R, Epstein, M.D., M.P.H*

“The effects of environmental change may be analogous
fo these of nuclear war, which although it basically
inpelves political, economic, and military fssues, has
the potendial fo harm hwman health to an uanprece.
dented and {ntolerable degree” 1],

“Hay momentos en la vida de an puello en los gue toda
si historip puede verse al trastuz de una enfermedad”

12].

he accumulation of anthropogenic greenhouse

gases in the froposphere and the depletion of
. ozone n the stratosphere are the major threats
to the global environment. Changes in atmospheric
and sui] chemistry, in the distribution of water and
vegetation, have major implications for human
health, in particular the distribution of water-based
and vector-borne diseases,

In 1991, chelera struck Peru, penetrating its poor
communities, from multiple epicenters, with “unex-
pected breadth and intensity.” Absent from the
Americas for over 1M vears, this severe form of
gastroenteritis spread rapidly in societies whose
water and sanitation systems had grown increas
ingly vulnerable, as the result of economic hardship
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and the stress of rapid urbanization. The means of
transmission of Vibrie cholerae were described in
the mid-ninetecnth century, but a source and a
reservoir have been matters for speculation.

Researchers have long associated the seasonality
of cholera with the yearly blooms of algae, plankton,
and sea plants in coastal waters, Using fluorescent
antibody (FA) techniques, microbiologists have now
identified a viable, nonculturable form of V. chol-
crac in a wide range of surface marine life. In
unfavorable conditions, organisms “hibernate”: with
warming and proper nutrients, they revert to a readi-
ly transmissible and infectious state, Plankton and
algal populations respond to cnvironmental condi-
tions, and climatologists now report unusually large
blooms of algae at sea. In the harbor near Lima,
Feru, plankton is contaminated with cholera organ-
TAIMS.

It is argued that V. cholerae, having possibly
arrived in the bilge of a Chinese freighter, found a
competent reservoir in abundant coastal sea life,
undergoing fertilization by increased atmospheric
and coastal nitrate deposition; that the colonies were
amplified, generating a heavy “inoculum”; and that
infected carriers—ifish, mollascs, and crustacea—
carried ¥V cholerae into several ports, creating mul-
tiple epicenters along the Latin American Pacific
coast. Finally, it is argued that it is unnecessary to
await proof that global warming is occurring to
assert that the by-products of known atmospheric
and oceanogtaphic changes arc in the process of
altering the distribution and impact of a gastrointes-
tinal disease.



BACKGROUND

In the nincteenth century progressive elements of
the scientific community associated epidemics with
environmental factors, such as sanitabion and pop-
ulation density. The World Health Organization [3]
and members of the medical profession [1] are now
projecting the potential health effects of global cli-
mate change. These scientists warn of the direct
consequences of increased ultraviolet B {UVE) rays
and warming; of possible damage to agriculture and
nutrition; and of the impact on habitats, which can
alter reservoirs and the distribution of vector-borne
and water-based infectious diseases, Eutrophication
(algae growth due to increased nitrogen and phos-
phorus) and fertilizers by acid rain, air-borne dust,
agricultural fertilizers, indusfrial waste, domestic
sewage, and soil erosion duc to agricultural prac-
tices, deforestation, and fire in the presence of dis-
solved carbomate and bicarbonate are alveady at-
fecting marine microflora and aquatic plants, and
there is now clear evidence that algae and plankten
arc a reservoir for enteric pathogens. The pattemn of
cholera in this hemisphere suggests that environ-
mental changes have already begun to influence the
epidemiology of infechous disease,

Cholera, Plankton, and Fluctuations in the
Erviranment

In December 1991, it was reported that V. chol-
erae was present in sea and river water, in sewage,
and in samples of plankton off the coast of Peru
[4]- Cholera researchers have long sought to identify
an environmental rescrvoir for this persistent, an-
cient pathogen [53-8]. In Bangladesh, there are two
peaks of cholera incidence: the hol scason (March
to June) and the postmonsoon season (Scptember ko
December) [¥]. As early as 1960, Cockburn and
Cassanos [3] reported that the peak incidence of
cholera in endemic areas of Bangladesh occurrcd
together with the bloom of blue-green algae [3]

In 1968, Dastidar and Narayanaswarni [10] iso-
lated a chitinase in V. cholerac 01, and in 1975,
Kaneko and Colwell [11] described the adsorption
of Vibrio parahaemolvticus onto the chitin of cope-
pods, a zooplankton. In 1979, Nalin and colleagues
[12] determined that adsorption of V. cholerae (M
onto chitinous fauna (including crabs, shvimp, and
zooplankton) occurred maore readily at lower pHs
(6.2 versus 7.3 Nalin et al. found bacterial counts
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lower than those necessarv for infection in volun-
teers with notmal levels of gastric acid, but they
speculated that chitin particles might provide a sub-
strate fur vibrio multiplication and provide protec-
tion against the acidic medium. In addition, V. chol-
grae secretes a mucinase [13] active in degrading
mucin and mucin-like substamces in plant cells.

V. cholerae organisms survive in water for four to
seven days, faring slightly better in brackish water.
Prolonged survival of V. cholerae 01 has now been
associated with 2 wide taxonomic range of vascular
aquatic plants, including water hvacinths, duck-
weeds, and a variety of phytoplankton and zoo-
plankton [14-18] In the mucilaginous sheaths of a
blue-green algae, Anabaena wvariabilis, V. cholerae
can reach concentrations 1O to 5,000 times higher
than in the aquatic environment [16,18] and can
remain viable for as long as 13 months. Lemmna
minor, a common duckweed [19], harbors cholera
on its surface. V. cholerac is found in laboratory
control solutions that lack plants for only a few
days. The improved survival of V. cholcrac on [
minor may be due to the “utilization of dissolved
organic carbon (DOC) excreted by L. minor. . ." or
could be nonspecific and commensal (the plant
merely providing & physical surface for the bacterial
colonies),

Enviranmental conditions, e.g., sunlight, pH, tem
perature, salinity, and availability of nutrients, in
teract to affect both marine microflora and the phyvs
iological state, virulence, and survival of V. cholerae.
Slime and surface films produced by some algae
create turbulence-free microhavens, which can en-
hance growth of organisms (as well as retard the
vertival flux of carbon return to the atmosphere) [20]
(see below). On one species of green filamentous
algae, Rhizoclonium fomtanum, V. cholerae mulii-
plies rapidly and releases a high level of toxins under
conditions similar to those found during algal
blooms (pH changing from § to 9) |5.8,21-25]. Spe-
cies predilection has been studied: In comparison to
four other species, (A, variabilis, Cladophora sp.,
Fomtinalis antipyretica, and Elodea canadensis), .
fontanum showed the best attachment [26] and
served as the nidus for substantial production of V.
cholerae toxin [27].
choleras

A Dormant Form ol V

In searching for an environmental reservoir for
cholera, Colwell and others have now refined their
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micrabiological techniques [28] Using TA fech-
niques and the polvmerase chain reaction (PCR)
method of DNA replication, researchers have now
uncovered previously undetecled survival strategies
of bacteria [29-35]. Nonculturable but viable forms
of bacteria are detectable in a variety of environ-
mental niches. Studying marine life in the waters of
Bangladesh, these researchers found that four of
five strains of ¥V cholerae 01 {and other bacteria,
including other enteric pathogens) attach preferen-
Hally to zooplankton molts or exoskeletons {exu-
viae), one strain attaches to both exuviac and whole
specimens [36,37). Copepods, a common zooplank-
ter, feed on V. cholerae, and 10* to 10° bactoria ave
found on the egg sacs V. cholerae also attaches to
three species of phytoplankton studied, with high
concentratioms on Volvox sp., a colonial formation
prominent in phytoplankton biomass.

Spore formation is one survival strategy of micro-
organisms [30}. {The genera! importance of ref-
uges---of prey from predators or environmental
changes or both---to the survival of agents and hosts

ras highlighted by a recent study involving parasitic
insects [38].) V. cholerae (and other bacteria) revert
to a microcyst, quiescent, or “somnicell” stage. The
“round body” phenomenon, in which the volume of
the organism decreases 15- to 300-fold, was de-
scribed as early as 1969 [39] In this “hibernating”
stage, organisms reduce their rate of respiration,
metabolism, and degradation of macromolecules.
This strategy enables the bacteria to withstand en-
vironmental shifts in temperature, nutrient awvaila-
bility, pli, and salinity. When conditions are favor-
able to growth, the organisms return {o a culturable,
infectious state. The conditions favoring the cultur-
able state are consistent with those created durmg
algal blooms. Additional study is needed to deter-
mine species predilections, the relationship to con-
taminated carriers {molluscs, crustacea, and fish),
and whether infective doses are maintained o, in-
deed, required. That the life cycles of V. cholerae
and other water-borne enteric pathogens are inti
mately related to other marine organisms, in partic
ular bacterial plankton, is consistent with the evo-
lationary development of life at sea.

CLIMATE CHANGE

The primary greenhouse gases include water va-
por, carbon dioxide and monoxide, methane, nitrous
oxides, and chlorofluorocarbons (CFCs). Excluding
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H.O, COs contributes 61%, CO 8%, CH, 17%, ni-
trous oxides 3%, and CFCs 11%, in terms of 100-
vear global warming potential (GWP} [40]. The eight
major anthropogemic sources include fossil fuel com-
bustion, CFC use, landfills, land use changes, live-
stock production, rice cultivation, and fertilizer con-
sumption. In the First Assessment Report of the UN.
Intergovernmental Panel of Climate Change (I'CC),
the broadly representative panel concluded that in-
creased preenhouse gas comcentrations will “cer-
tainly” enhance the greenhouse effect and result, on
average, in an additional warming of the earth’s
surface. “The main grocnhouse gas—water vapor—
will increase in responsc 1o glebal warming and
further enhance it” [41]. In its national report for the
1993 LIN. Conference on the Envirenmenmt and
Development (UNCED), the U5, claims that its
“share amounts to approximately one-fifth of the
total net greenhouse gas emissions” (net cmissions
arc defined as the difference between cmissions
from “sources’ and storage in “sinks”) [40].

The Carbon Cycle

When self-replicating molecules first emerged on
Earth approximately 4 billion years ago, 95% to 98%
of the atmosphere was CO, as it is today on Mars,
Venus, and Mercury With photosynthesis by oy-
anobacteria and subsequent generations of photo-
synthesizers, levels of CO; fell to 0.03% [42]. lce
core Tecords demonstrate that between an. 1000
and an 18540, atmospheric CO; remained nearly
constant at 280 parts per million {ppm} by velume
[43] Ower the next centary, levels steadily rose; and
[rom 1954 to T9H4, the comcentration of CO, in the
atmosphere increased from 313 to 333 ppm {44] In
1988, the barning of fussil fuels (oil, coal, and gas)
released an cstimated 5.89 billion metric tons (giga-
tons} of carbon {45], or more than ene ton for each
human being on earth. Another one to two gigatons
were released by the matting and buming of forests
(Each ton of carbon results in 3.7 tons of CO, [46].)
Of the seven gigatons of carbon emitted, 3 4 stay in
the atmosphete, two are taken up by the ocean
“sind,” and the rest, most likely, by terrestrial plants
[47.48]. Last year researchers proposed adding iron
to further fertilize the alpal blooms, in an effort to
increase the absorption of atmospheric €O [49]
This idea 15 no longer in vogue, because of the
uncertainty in evaluating the “side effects.”

I'he Juint Glabal Ceean Flux Study (JGOFS) is the
maring compunent of the Internafional Geosphere
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Biosphere Program, and it initiated field siudies in
1989, JGOTS research has shown that variations in
the absorption of carbon are ditectly related to the
distribution of plarkten [30]. During ice ages, “car-
bon apparently went into deep oceans,” and “data
from matine sediments have shown that the biolog-
ical pump, acting via photosynthesis and surface
waters, became stronger and deep water circulation
more sluggish” [31]. Carbon settles as organisms die,
and the rate at which it rises to the surface varies
directly with temperature,

MARINE LIFE AND CLIMATE

Flankton and sea plants affect climate in three
wavs: 1) most important, they participate in the
global carbon cyele by capturing CO,, fceding, car-
bon {in organic compounds) to larger marine life,
and storing it when organisms die and sink to the
ocean flooy [52,53); 2) they absorb and scatter light,
warming the surface layers of the ccean [33a): and
3) they produce vielatile orgamic compounds, such
as dimethylsulfide (IXMS), which help to form muclel
for cloud formation [51,54,55],

Flanklion and Algae

Plankton {drifting, minute organisms), and algae
(nonvascular aquatic plants) live in the surface
habitat that blankets more than 71% of the earth
[56] Some microbiologists divide plankton and algae
into two kingdoms: Monera (Le, bacteria), which
are prokaryotic (lacking intracellular membranes),
and Profista or Protoctistas (unicellular, multicellie-
lar, and colonial organisms, which are nonphotosyn-
thesizers—rooplankton—and photosynthesizers—
phytoplankton). Fossils of rod-like bacternia and
forms suggesting bluc-green and green algae found
in South Africa suggest that such organisms orig-
nated 3.1 billion years age [67]. {The other kingdoms
of earth’s biota are Animalia, Fungi, and Plantae}

Bacteria, Proloctistas, and vascular aquatic plants
occupy the sunlit photic zone of the oceans, which
extends to depths of 50 to 100 m in clear and open
seas, and inhabit inland waters: ponds, lakes, river-
ways, estuaries, wetlands, and bays. Plankfon ex-
cretes organic compounds that serve as nutvients for
other organisms. Metal ions bind with the orpanic
compoeunds and together create a subsarface mi
croenvironment very different from that at deeper
levels. Growth of plankton and aguatic vascular
plants depends on ternperatore, pH, and salinity

Cholera and the Covironmeant

[38,59], as wcll as nutrients. The chief nutrients,
nifrogen and phosphorus, are found in sewage ef-
fluents, fertilizers, organic and inorganic pollutants,
and combined by-products, together considered to
be the primary causes of eutrophication or coastal
algae overgrowth. Pesticides, on the other hand, as
well as algae-induced deoxygenation, can lall off
populations of grazers and reinforce algae and
plankton growth [60]. The government of Morocco
has successfully achieved hiological control of excess
algae growth due to eutrophication in one of its
reservoirs; with the introduction of silver carp, phy-
toplankton biomass is significantly reduced [61].

Plankton comprise the "primary producers” of
organic compounds [56], combining carbon and
water by harnessing photosynthetically active radia-
tiom (PAR; 400 to 700 nm) (Cyanobacteria, blue-
green in color, are the chief candidates for the earth’s
first photosynthesizers, predecessors of chloroplasts,
and thus all plant life [$2,63]) Ocean microflora
today supply 70% of our oxygen, which n turn
maintains the protective ozone layer in the strato-
sphere (adtitude 9 (o 30 miles) [42].

Plankton is the primary comstituent in the food
chain, itself the nourishment for many fish {basking
shark and baleen whales), molluscs, crustaceans,
and birds [59.64]. “Net plankters” measure 20 to 50N
wm and are those caught in common, number 2{
nets; nannoplankion and ultranannoplankton,
which include bacteria and small chlorophvlious
algae, filter through such nets. Red and brown pig
ments help create the variety of hues of plankion.
Cyanobacteria contain chlorophyvil type a; golden
brown algae contain a and ¢; and blue-green algae
comtain chlorophyvll types a, b, and c. Below the
sediment surface lie anaerobic “consumers,” the fer-
menters and methanogens, which decomposc and
“recycle’ compounds and elements in a set of inter-
related bogeochemical cvcles necessary to sustain a
complex ecosystem,

Plankton: Particioants in Climate Control?

Photosynthetically driven growth of marine or-
ganisms cools the atmosphere by removing CO,.
Large CO: “drawdowns” through this biological
pump (measured by pC0O; gradients) occur in bio-
logical spring in polar regions. As the lce melts,
illumination increases, nutrients become abundant,
and fish and zooplankter grazers have not vet mo-
bilized to consume the phytoplankton and algae
[B3].
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In 1987, Bates, Charlson, and Gammon found
additional evidence for the climalic role of marine
life through the generation of biogenic sulphur
[34]. Phytoplankton and algae produce [DMS5, the
most abundant organic sulphur compound in the
UP'L’I"I. ocean surface waters, “’hi{‘n, when aerosol-
tzed, contributes directly to cooling through the
backscatter of solar radiation. Sulfates also serve as
cloud condensation nuclei (CCN). Dense, low clouds
cool by reflecting sunlight and by delivering rain to
the earth’s oceans and landmasses. (Thinner clouds,
at higher altitudes, can deflect heat back toward the
earth’s surface and thus contribute {0 warming ) In
all, one-half of solar energy reaching the earth’s
almosphere is reflected or radiated back inte space.
(Warm equatorial air, n opposition to cold polar air,
drives much of the earth’s wind systems, thus diiv-
ing atmospheric circulation and the ocean currents.
The Coriolus effect contributes a rotational force, in
opposite directions in each hemisphere.)

Proponents of the Gaia hypothesis’ argue that
cooling from clouds reduces the populations of phy-
toplankton and diminishes DMS production and,
therefore, cloud formation They argue that such a
feedback cycle or “rheostat” system has helped
maintain biospheric temperatures within hospitable
ranges over centuries [34,53]

While the theories of complex global interactions
are disputed, the idea that feedback mechanisms are
ab work is gaining credence [66]. Schwartz |67]
downplays the role of marine pholosynthesizers,
arguing that half of the world's 50; is anihropogenic
(onc-foutth originates from terrestrial plants, one-
fourth from marine lite), that thete is no deleclable
hermispherical {north/south) asymmeiry to the rale
of temperature change, and that there is no observ-
able influence of emissions of biogenic sulphur com-
pounds on climate “Nonetheless,” he continues, “the
potential for substantial human influence on global
climate . . . makes it mandatory to gain a thorough
understanding of the processes that control cloud
albedo” and its influence on global climate.” Caleu-

' Gaia hypotheses: thar Biospheric conditions such as temperatue (137,
alrmespheric oxygen (20 9%), ocean salinity {04 w2/L) and ambient pH (8 Z)
are maintaized within ranges conducive o life; thal te lagger ecosystem
depends on positive and negative feedback systems amaong the divarse
biclugical and inert components, whicl generaie the world’s enviionment
[42.62] A proponent of his Ureory, microbiclogist Lynn Masgulis, arguas
that “Biodiversity is not just o losore; it s a necessily” [63]

# Aibedo: reflective puweer, mepsared from 0 (1005 ebsorbent] 1o T (200%
reflariiva).
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lations must also include the impact of voleanic
cruptions, such as Mt Tinatubo, which contain sul-
phur compounds and particles These clements con-
lribute to cloud formation and may be mitigating
the warming impact of greerthouse gases in the short
run [68].

[rrespective of the rheostat hyvpothesis and uncer-
tainties in scientific modeling, the inherent relation-
ship between marine life and the carbon cycle re-
mains, How warming, increased CO,, and sulfates
and nibkrates {which acidify rain) will combine to
affect all plant fand amumal) life is a matter of
conjecture, With the manual clearing of terrestrial
foresis, the “fertilization” effect of additional CO.,
nuttient depeosition, and warming may slimulate
other terrestrial and marvine plant life and alter its
distribution and species composition. And while
increased evaporation and precipitation may offset
warmming in the short run (3 to 1 years), the long-
term prognosis is deuded by “convinang evidence
that the deposition of sulfates, nitrates, and ammao-
nium has significantly altered plant nutrition, suil,
and freshwater chemistry” {69].

Olcean Currents

Ccean currents also influence regional weather
patterns and concentrations of marine life. Large
ocean sireams--the “ocean’s rivers™--have been
shown 1o carry plankton over large distances {30].
Upwelling currents, like that off the Meruvian Coast,
are tich in nutrients and can alter plankton and
algae concentrations as well as shift them inward
toweard coasts [70],

The Continuows Flankton Recorder (CPR) survey,
established by Sir Alisler Hardy in the 19305, has
surveved the northeast Allantic cach month from
1948 to the present [30]. Plankion populations are
concentrated primarily along continental and island
coasts but appear in the open ocean, their patterns
determined by water currents and winds CPR rec-
ords demonstrate that from 1948 to 1980 phvto
plankton and zaoplankion in the northeastern At
lantic declined; the population of copepods, the
primary component {in terms of bemass) of zoo-
plankton, diminished sixfold. Since 1980 the trend
has reversed. In the 1980s, the increase in copepods
followed the Gulf Stream, and large increases ap-
peared In arcas west and northeast of Britain. At the
Fymouth Marine Laboratory and the Ministry of
Apviealture, Fisheries and Food, in Lowestoft, Eng-
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land, researchers concluded that the abundance of
plankton in the North Atlantic responded to subtle
climatic and oceanographic factors, which were op-
erating over many thousands of kilometers. They
“expect globat warming of a few degrees to have a
great effect on plankton patterns” [30].

Harmiul Algae Blooms

At the Fifth International Conference on Toxic
Marine Phytoplankton held in Newport, Rhode {s-
land, in October 1991, algae blooms, surpassing the
usual spring blooms, were reported from points as
diverse as “North Carolina, California, Iceland, Fin-
land, Japan, Thailand and Tasmania® [71]. Limnol-
ogists (researching inland bodies of water, in which,
lacking carbonates, direct fertilization by atmos-
phetic CO, may eccur) also repart outbreaks of algae
and plant weed blooms in ponds and riverways
[71,72]. Whether these blooms truly present an in-
crease above normal background oscillations s a
matter of intensc study.

The 1972 New England red tide that extended the
range of paralytic shellfish poisoning (PSIP) caused
by saxitoxin, the 1978 Florida outbreak of ciguatera
puisoning linked to a dinoflagellate, and a series of
papers in 1985 on diarchetic shellfish poisoning
(DSP) aroused the attention of occanographets. In
1987, extensive work on the toxicology, ecology,
taxonomy, and life cycles of several important fish-
killing species of algae was presented at a meeting
in Takamatsu, Japan. That meeting generated the
first public discussion and speculation that harmful
- algae blooms might be increasing on a glabal scale
and led to formation of the International Oceano-
graphic Commission {IQC} program on Harmful
Algae Blooms (HAB) [73],

Reports of HABs have continued [74-76]. In 1987,
an outbreak of PSP acutely poisoned 133 and killed
three people on Prince Edward Island, Canada
[74]. In 1988, proliferation of a poisonous gelatinous
algae (Chrysochromulina polvepsis)  devastated
Morwegian fishgrounds, costing the industry ap-
proximately U.5. 5250 million, including the loss of
500 tons of salmon [73]. Pollution carried from rivers
of eastern Germany was blamed, though other fac-
tors may have contributed. In 1282, on the beaches
of Cape Cod, 13 humphack whales died from phy-
toplankton  toxins, September 1991,
hundreds of pelicans and cormorants were poisoned
in Monterev Bay, Califormia by eating fish contam-
inated with domoic acid, an algae-produced toxin

and, In
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[71] In 1291, a toxic algae bleom in Guatemala
resulted in 185 reports of illness with 26 deaths
[71]; and in December and January of 1991 to 1932,
the contamination of the Aegean Sea with a high
ievel of PCBs, blankets of algae, and possibly a
*virus” were implicated in the deaths of 260 dolphins
[77]. Finally, in 1991 in the U5, an outbreak of
diarrheal illness associated with cyanobacteria-like
bodies (CLB) was reported in a Chicago hospital [78].

This series of reports has provided the impetus
for the IOC and the World Meteorological Organd-
zation (WM} to establish a Global Ocean Observ-
ing System (GOOS) under Agenda 21 of UNCED.
The work of GOOS will involve oceanography,
taxonomy, and the monitoring of public health and
seafuod safety.

Many climatologists have abandoned the view
that these outbreaks are merely localized episodic
nuisances. Such views are supported by fossil sedi-
ments snggesting large algae concentrations during
a 1,000-vear warming period that began around the
first century .0 [30] and are challenged by others
wha consider the recent rise in blooms to be part of
natural cycles, perhaps bidecadal, dating back at
least 2,000 years |33,79]

[l Nifo

El Nifio (EN) events, the invasion of warm water
from the western equatorial Pacific Ocean into the
central and/or eastern equatorial Pacific, have a
cyclic period of three to five years, Acting in tandem
with the Southern Oscillation (SO) of air masses
between eastern and western hemispheres, ENSO is
felt all along the Facfic coast of the Americas and
is related to temperature and precipitation, floods,
and droughts in the U5, Africa, Europe, and Asia
[79a). El Nifio peaked in 1982 to 1983, warmed
mildly in 1986 to 1987, and began a moderate rise
{changing California coastal water about 0.53°C} in
1991 [80]. Warm and cold (Lanifia) events, like that
of 1948, are both associated with changes in algae

- populations. Modeling of ocean heat fransfers is

under study by the Tropical Oceans and Global
Atmosphere (TOGA) and the newer group, TOGA
Coupled Qcean/Atmosphere Response Expenment
(TOGA COARE). Thermohaline ocean circulation
involves warm surface currents flowing polewards,
sinking, and returning at depths to tropical latiades,
with salinity changes reflecting the quantity of melt-
ing ice, and, locally, the difference between precip-
itation and evaporation [81,82]. Today's models of
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ENSO do not yet take into accound the concentration
of greenhouse gases, and the study of EN5O's im-
pact on large marine ecosystems (LMEs) is to be a
main focus of GOOS5,

Ozone and Phyvioplankion

Stratospheric ozone loss, the other major compo-
nent of global atmospheric change, has a negative
impact on surface plankton, by allowing the in-
creased penetration of harmiul UVBs (280- to 320-
nm short waves). Total Ozone Mapping Spectrom-
eter (TOMS) surveys demonstrate that levels of
oxone have been dropping approximately 3% per
annum over the last decade in the latitude of New
York and approximately 5% in the areas over Buenaos
Adres, Argenting, and Sydney, Australia [83].

Orone’'s protective level is measured in Dobson
units, The Antarctc orone “holes” of 1987, 1959,
1990, and 1991 involved decreases from the norm
of 500 to approximately 110 Dobson units. Tarvard
atmospheric chemist James Anderson, on the basis
of research by the Airborme Arctic Stratospheric
Expedition and NASA's Upper Atmosphere Re-
search Satellite (UARS), calculated that the combi-
nation of stratespheric chlorine, bromine, and nitric
acid trihydrate ice crystals would increase the break-
down of ozone during the spring of 1992 over
densely populated areas of Europe [84] By May 1,
the predicted Arctic *hole” had reached only 20%
diminution m czone levels; the impact was de-
creased by unusually warm winter temperatures,
which reduced from the average 66 to just 37 days
on which there were sufficiently low temperatures
for crystallization [85].

Scientists from the American Society of Limnol-
ogy and Oceanography, working in the Antarctic
region, have found that “ozone induced loss to . ..
phytoplankton .. . is measurable” [B6]. Since 1987,
thev record a reduction of 6% to 12% in total phy-
toplankton mass (notably krill, the shrimp-like food
for penguins, seals, squid, and whales). Phytoplank
ton appear to have their own defense mechanisms;
they increase the internal concentration of pigments
{such as §-carotene), which block some of the harm-
ful UVB rays.

The potential impact of this complex set of events
om the food chain and on the global carbon cycle is
a matter for speculation.
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CHOLERA IN HISTORICAL PERSPECTIVE

Until the 19th century, cholera was confined to
Asia, and almost exclusively to the Ganges and
Brahmaputra River basins in India [87]. From 1817
to 1923, “Asiatic cholera” spread in six major pan-
demics o involve the European subcontinent, Eng-
land, and the United States. Intermabional spread
paralleled trade routes, reaching Great Britain in
1531 and the New York harbor in 1832, By the end
of 1832, America's railways, canals, and steamboats
had carried chodera to every large urban center, save
Boston, Massachusetts, and Charleston, South Car-
olina [88]. The ‘poor man’s plaguc” engulfed the
cities, and populations (with the means to do so)
fled fo the counbryside, In the 1848 outbreak, im-
migrants {rom Europe, having left famine and social
turmoil behind, were blamed for its reemergence,
The commaon people’s belief in contagion and quar-
antine was considered medieval, and “anticonta-
gionist” physicians (such as Rudolf Virchow) led the
charge for social and environmental reform
[59].

After 1895, with faster sea transport, cholera
spread intermationally with even greater rapidity,
and, in the modern era, outbreaks have accom-
panied air transport [90]. Throughout history, mi-
gratioms and changing population demographics
have contributed to spread,

In 1849, Fohn Snow argued in a bricf pamphlet
{“On the Mode of Communication of Cholera”) that
a ‘reproducing ioxin® causcd the disease. When
cholera apain sutfaced in London in 1854, Snow
conducted his famous epidemiological observations
indicting contaminated water sources, In 1883, Rob-
ert Koch identified the bacteria, calling it Vibrio
comima, after its curved shape [91], V. cholerae is a
gram-negative, tlagellated and mobile, nonencap-
sulated, facultative anaerabe, its serotypes identified
by two sets of antigens. The H antigens are flagellar
and heat-labile proteins; the three O antigens (A, B,
and C) are somatic and heat-stabie polysaccharides.
Ogawa (with A, B) and Inaba (with A, C) are the
primary serotypes, Hikojima {A, B, C) is a third; a
fourth (A only) is dubbed “unusual” {87,91,92]

In 1906, a hemolytic biotype was identified at the
Ll Tor quarantine station in Egypt. The EI Tor bie-
tvpe, whick evolved into a nonhemolytic form, is
the agent responsible for the present pandemic EJ
Tor disease is of lower severily than classical cholera,
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with 30 to 100 asymptomatic infechons per sever
case, in contrast to 2 to 10 infections per case of
classical bistype. The FF Tor biotype s more persis-
tently cxcrcted, is assodated with a carrier state, and
survives longer in the envirenment. In 1969, Tl Tor
replaced classical as the dominant biotype in the
Ganges River delta [92]. Drifts and shifts in fypes,
strains, and virulence of microorganisms can be
related to the environmentat and evolutionary pres-
sures on host and agent and the efficiency of trans
mission. (See the work of Ewald, May, and Ander-
son [93-06] for an extended discussion of host-
parasite coevolutionary dynamics.

Cholora in the Amencas

The seventh world pandemic of cholera began in
1961 in the Celebes (Sulawesl), Indonesia, atd soon
spread throughout Asia and southern Russia {97,
98] In 1970, cholera appeared in western Africa, in
Moediterranean Africa, and in ecastorn Furope. By
1971, southern Europe and southern Adrica were
affected. Its initial course in Africa followed coast-
lines and waterways (being carried by fishermen
and tradesmen) and later spread along land routes.
Dhuring the 1980s, the number of cases reported
worldwide declined, but the number of countries
affected rose threefold {Fig 1),

At the end of Jarary 1991, an cutbreak of acute
diarrhea was reported in the city of Chancay, 60 km
north of Lima [37.98-100]. A day later the same
occurred in Chimbote, a seaport 400 km north of
Chaneay. On January 31, cholera was confirmed in
both cities; over the next two weeks, 12,000 cases
were recorded. Moving with “unexpected speed and
intensity,” the epidemic spread 2,000 km along the
Peruvian coast and appeared in all coastal depart-
ments (Figs 2 and 3). By the fourth week, cases were
reported in the central mountainous regions {con-
sistent with the movement of persons) but continued
to gather greater strength along the coast, In one
month (February 17 through March 209, 2,550 cases
were occurring cach day, a pace that heavily taxed
the health resources of the region 5Since [anuary
1991, 441,000 cases (with over 4,000 deaths as of
February 1992) have been reported in the Amencas,
81% of those in Peru, The attack rate in the coastal
departments was 1 1% as of May 91, while inland
it was (.16%. Case fatality, however, has been al-
most 12 times higher inland (4.6% wversus 0 4%)

Cholera and the Environmesnt

than along the coast, reflecting most likely the rela-
five lack of heaslth services in the countryside.

(Cholera appeared first in nations contiguous with
Peru, reaching Ecuador on February 28 and Co-
lrmbia on March 8. On April 16 Chile began re-
porting cases. In Colombia and Chile, the first ve-
gions affected were not on the borders with Peru
but were located 800 km and 1,700 km, respectively,
from the previous epicenters. On April 22, cholera
appeared in western Brazil, in regions sharing water-
ways with Peru. In Venezuela, cases appeared only
this winter and occurred in the western regions and
in the capital but spared the rest of the Caribbean
coast, {Venezuela is separated from the Pacific
Ocean by Central America, and its primary water-
way--the Orinoco— flows into the Brazilian Ama-
ZOT.)

Although alternative explanations are possible,
the epidemiojogical pattern of the cholera pandemic
in the Amecricas is consistent with inoculum from
multiple entry points along the Pacific coastline

By the end of 1991 cholera was reported in Poru
{300,000 cascs, with 3,000 deaths), Beuador (42,173
cases), Colombia (11,218), Guatemala (3,530), Mex-
ico {2,603), and Panama (1,177); Chile, Nicaragua,
El Salvador, and Brazil had fewer than 100 cases
{38,89]. The worldwide total for 1991 reached
500,000, with 138,000 cases {(and 12,500 deaths) in
Adfrica [101].

The appearance of cholera in Peru in 1991 was
the first such occurrence in the Americas in over
100 years [102-104], excluding sporadic cases in the
LS. and possibly Mexico (1973 and 1978). The
ctiologic agent in over 99% of the cases has been V.
cholerae (1, biotype El Tor, serotype Inaba. {Costa
Rica reported one case of scrotype Ogawa, originat-
ing from Heuador [105] ) Chromosomal DNA prob-
ing suggests “genetic ldentity for V. cholerae M
(biotype Ei Tor, serotype Inaba) strains causing epi-
demics in Bangladesh and” Latin America [Y}
Throughout the spring of 1992, cholera continued
utiabated in Latin America, with 120,000 new cases
and 700 deaths reported to WHC in 1992 by April
24.

The Host: Papulations at Risk
Fan American Health Organization (PAHQ) offi-

cials believe that cholera may have arrived in Peru
with the comtaminated bilge water of a Chinese
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FIGURE 1. Weelkly Epidemiological

freighter docked in the Lima harbor [106]. Once
introduced, the vunerability of the host—the soci-
ctics and populations in the nations affected—
plaved a crudial role in dissemination,

Despite the impressive achievement of the United
Nations during the 1930s through the Internatiomal
Drinking Water Supply and Sanitation Decade, 2.7
billion people worldwide stiil lack safe water or
sanitary loilet facilities or both [107]. Anastomuoses
between sewage and water supplies are commeon-
place, and their severity is sensitive to minor fluc-
tuations in the water table. Urban centers through
out the third werld have outgrown their infra
structures, and local economies, stymied by insur-
mountable foreign debts, are unable to assure main-
tenance, et alone make fundamental improvements
tor keep pace with periurban growth. From 1950 4o
1980, many third world cities grew approximately
sevenfold. Peru's capital was no exception; today 4
million people five in Lima's 2,000 shantytowns.

A sophisticated network of agueducts and irriga-

134 The PSE Cuarlordy, Sepicrmbor 1992, Vol 2, Moo 3
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Eecord Mo, 9, March 1, 19971; Gk,

tion canals once latticed the Inca Empire (encom-
passing Peru), also famous for its covperative, ter-
raced farming and the rich (now threatened) fishing
grounds. Five hundred vears ago, the Incas were
driven underground to mine the rich stores of cop-
pet, zing, lead, and silver, By 1796, their population,
once numbering 18 million, was reduced by Eure-
pean diseases and conditions of enslavement to 1
million, In the mid-1%80s, the economy of Perw,
now a natiom of 22 million, collapsed. Structural
Adjustment Programs (SAPs), introduced during the
Fa1me 'F'.ICT'iliKi_, ('l'll'!"l"lp[!'l]'l'ldl'!l.'.l economic stresses on the
poar. Govermment spending on infrashructare and,
in some instances, supplies of chlorine were drasti-
cally reduced. Between 1985 and 1990 the inflation
was 2 million percent. These disruptions left an
estimated 12 million people in “extreme poverty”
[108] and generated waves of internal migration. In
1990 and 1992 urbanization in Peru accelerated, the
pepulation uprooted by cdvil war and a US -aided
drug war in the countryside (On April 7, 1992, a
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“civil-military” coup occurred in response to growing
instability ) Population shifts have put added strains
on sanitation, water supplics, and housing. Bvery
day ... 20% of Lima’s population cats in neighbor-
hood soup kitchens, . . [109],

The poor are particularly vulnerable ko cholera,
and the periurban barrios have suffered inordinately
from the cholera epidemic. Cultwal habits, a focus
of international attention (e.g., the "ceviche” wars),
cannot be separated from econommic status and social

Chalera zrad the Dnvironmeent

conditions. The poor tend to eat small fish, caught
off harbor piers, near sewage effluents. Large fish,
caught further out at sea, are not generally contam-
inated. (Flizabeth Fvans, EDUCA, Lima, personal
communication, February 1992) Water collected
from taps is delivered in trucks and sold in the
barrios. Well water, tap water, commercial ice, and
household containers have all grown cholera and
have demonstrated progressive levels of contami-
nation {rom distribution through storage There are
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few bathrooms, chlorine is shunned (because of the
smell), and fuel is scarce. The increased search for
wood for fuel adds to the growing problem of de-
forestation, and some families in Lima have resorted
to using school desks and chairs as fuel to burn to
boil water, Peruvian government assistance is in-
adequate; the new year brought monetary charges
for health services, and nongovernmental agencies
have struggled to educate families in poor commu-
nities, Foreign aid has fallen, and there is, as yet,
litte evidence that the “cholera scare” is mobilizing
substantial internaticnal resources [110].

The U 5., although lacking the conditions condu-
cive to sustaining an epidemic of cholera, s not
immune to sporadic penetration. Over a bwo-year
period (1989-1990), 26 waterborne-disease out-

156 The PSR Cuuarlesdy, September 1992, Vol 2, Mo, 4

breaks (WEBPDOs) associated with deficiencies in well
(304, surface (38%), and spring (12%) water dis-
tribution systems were rcported from 16 states
[111] V. cholerae (71, biotype El Tor, serotype Inaba
has been recovered from the ballast, bilge, and
sewage of three ships docked in the Gulf of Mexico;
the previous ports of call were in Brazil, Colombia,
and Chile [112,113]. There remains the possibility
of future international spread by ships, currents,
and storms, given the apparent establishment of a
maintenance reservoir for cholera in the Americas.

CONCLUSION

The earth's biosystem is threatened primarily by
{he current methods of energy conversion and wide-
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spread deforestation These patterns of “develop-
ment” are aceclerating, driven by debt and unequal
terms of trade in the global market The current
international financial arramgements are gererating
the local ecomomic acHvities such as forest clear-
cutting and export-based monocropping that pit im-
mediate needs against long-term survival, “The
global economy’s engines are out of tune and sput-
tering” [114], and the by-product is uncoordinated
attacks on its invaluable resources. [The impact is
not all negative, however, for C0; emissions
dropped from 1989 to 1990, as a result of the world
economic downturn; and CO» emissions would have
fallen further, save for the oil well fires in Kuwail
[115])

There is growing evidence that the populations of
bacteria and Protoctistas are being altered by chi-
matic changes, and it is now known that these
marine microflora, lying at the heart of the food
web, provide a tesetvoir for V. cholerae and other
enteric pathogens The rapid dissemnination of chol-
era in the Americas may reflect both a lTarge “moc-
ulum effect” of the assauldng crganism and the
vilnerabilities in host immunity The toll of infec-
ticus diseases in animals and plants depends wpen
the overall comumunity of organisms; the interrela-
tionships range from commensalism, symbiosis, and
synergism to competition and parasitism, across the
five kingdoms of biota. The multiplicity of environ
mental changes, while some may be self-correcting
through intricate feedback cyveles, could be setting
the stage for multiple shifts along the spectrum of
these interactions, Climate is controlled by the in-
teraction of the aimosphere, occans, land systems,
and ice cover. "A change in any one of these aspects
wilt affect the entire systern,” explained Bert Bolin,
head of the IPCC, speaking in Rio. Tlabitat fragmen-
tation and disruptions in predator-prey relationships
may drastically alter disease reservoirs and vecturs,
and we can expect the redistributiom of 0ld diseases
and, indeed, the cmergenee of new ones.

We cannot afford to await proof that human
aciivities are warming the globe The Framework on
Climate Change Convention (FCCCT), signed at
UNCED, calls for decreased greenhouse gas emis-
sions, though strict tavgets and timetables were elim
inated. Largely escaping public attention is that the
goal of stabilizing emissions is in itself madequate;
an immediate $0% to 60% reduction in emissions 1s
needed according to the IPCC to reduce the crucial

Cholera and [he Envisanment

value—the aggregate atmospheric concentrations of
greenhouse gases. On the positive side, the FCCC
docs provide an international legal framework,
which can be amended as scientific information
becomes more cerain or as climate changes dictate.

The medical profession has an important role to
play in evaluating the health impacts of climate
change It can also join an interdisciplinary effort to
meniter the accuracy of climate model projections,
by conducting case studies, by participating in inter-
national monitoring teams, and through construc-
tion of a disease database, constructed around a
Geographic Information System that interdigitates
with climate models. Physicians can also work with
nongevernmental organizations and legislators to
regulate environmental impacts, to implement inter-
naticnal accords, and to help translate the impact of
global changes to the public

“Epidemics,” wrote Rudol Viechow in 1548, “are
like sign-posts from which the statesman of stature
can read that a disturbance has occurred in the
development of his nation that not even careless
politics can overlook”; [116] and they require inter-
ventions that address their underlying causes. &
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