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ABSTRACT: GEOLOGICAL FACTORS IN THE EMERGENCE OF
INFECTIOUS DISEASE

Many of the determinants of human morbidity from emerging
WMmNMM«M
rectly—as Mbmm Little attention

has been paid to the infections associated with geciogical

recently bacome an established and legitimate field of study.
This paper focuses specifically on infections, and their asso-
clated pathologles, directly or indirectly influenced by geolog-
ical conditions. Specific diseases occur in relation to the
nature of their geogenic ‘diiver’ at three major levets of envi-
ronmental change: that Is, local, regional and giobal. The
paper reviews the pathological mechaniems of pulmonary
tuberculosis secondary to silicosis, and geological factors
impacting on the transmission of coccidioidomycosis and
Lyme disease. Further examples discussed include the close
relationship between water-borne infections and geological
processes and formations, and the disease potential from
long-range dispersal of pathogens (such as in dust storms).
We contend that the geosphere is an under-recognised factor
affecting the emergence and pathological profiles of infec-

INTRODUCTION
The emergence and re-emergence of infectious dissases
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genic threats, including mosquito-bome disesses, such as
dengue and malaria, and ever-growing numbers of zoonotic
organisms, such as those originating in primates (eg HIV;
monkeypox), birds (eg West Niie virus; avian influenza) and
mmw&umm)@gmm
Mouchet, 1997).
Mawdmmnﬁmahmmmwﬁomm
emerging diseases can be construed—either directly or indi-
rectly—as relating to environmental change. Factors leading
to emergence have been well described, and include ecosys-
tem injury from urbanisation, bioinvasion, climate change,
and changing patterns of travel and trade (Aron, 2001). A
specific exampile is large-scale dam construction, which has
been linked to numerous adverse effects, including epl-
demics of malaria, schistosomiasis, and other parasitic Infec-
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1997).
Mpamogmmmhlvobmmndbnumeﬁ
ous 'drivers’ (le any factors that change an aspect of an
ecosystern), less attention has been paid to the infections
and legitimate feld of study (Mullick, 2002; Skinner, 2003;
Selinus ef al. in press). Since the formation of the Earth 4.6
biilion years ago, geological environments have been chang-
ing constantly under the influence of natural physical
mw&ummmwm
selsmic events. Life, including microorganisms, evolved to
adapt to such changing environments, and it is therefore not
surprising to find infectious pathogens responding to natural
or anthropogenic distrbances in novel and unexpected
ways.

This paper focuses specifically on infections directly or
indirectly influenced by geological conditions. We contend
that the geoephere is an under-recognised factor affecting
the relationship between changing environments and the
emergence and re-emergence of infectious diseases. Using
the comprehensive framework provided by the Millennium
Ecosystem Assessment (2003), specific diseases are dis-
cussed in relation to the nature of their geogenic ‘driver’ at
three major fevels of environmental change: that is, jocal,
regéonal and global.

1. LOCAL GEOLOGICAL FACTORS ~ ,
Locelized natural processes may faciiitate geogenic infec-
tions, such as through geothermel processes. The use of
thermal poois for bathing, particularly where kvimersion of the
‘head occurs, Is a well-established tisk factor for often fatal
form of pritary amoebic meningitis (usually caused by Nae-
gleria fowler; Visvesvara, 1908). More commonly, however,
mining, the firet non-natural changes to geological environ-
firat highly localized because of limited human technology,
but have nevertheless been significant enough in some
cases tolead to changes In infectious disease patiems.
Eisler (2003) has summarised the numerous health prob-
lems of gold miners who worked underground In many conti-

‘nents: Australia, North America, South America, and Africa.

Infections formed a large component of the burden of
disease, including increased frequency of pulmonary tuber-
culosis; increased frequency of Insect-bome diseases, such
as malaria and dengue fever; and increased prevalence of
certain bacterial and viral diseases. in a number of situations,
the infection is not specifically related to geogenic exposure:
for example, HiV rates are elevated in miners but secondary
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to particular lifestyle factors. Epidemics often relate to the
arrival of large numbers of non-immune workers, such as
occurred with skin diseases such as yaws in Africa (Hackett,
1984) and with malada and Ross River virus outbreaks
during gas fieid development in Papua New Guinea (Hii,
1997).
mmmmmmmmnm-
mission. A recent study in the Burdwan district, West Bengal,
examined the relative densities of a disease vector, Culex
quinquefasciatus, infection rates, microfilariae-density and
microfilaraemic persons in the colliery versus non-colliery
areas (Adhikari, 1995). ANl these indicators were significantly
higher In colliery areas, in tum accounting for an elevated
prevalence of filariasis. Fungal infections such as sporotri-
chosis—a skin and lymphatic infection—which affected 3 000
miners in the Transvaal in the 1940s, has been traced to
sources such as mine timbers, which served as a reservoir of
the fungus (Quintal, 2000). However, other analyses indicate
that mine solis may carry and transit a range of fungi, includ-
ing sporotrichosis and others such as paracoccidioldomyco-
sis, histoplasmosis and Natlrassla mangiferae (a cause of

onychomycosis and superficial skin infections) (Rodrigues, -

1996; Gugnani, 1989).

Pulmonary tuberculosis (TB) is one of the major diseases
that have been flinked to local anthropogenic geologic
change. Some occupational groups, and arguably communi-
ties generally, are at increased risk of TB because of their
exposure to silica (quartz) dusts. SHicotics have significantly
increased standardised mortality rates from tuberculosis (TB)
and silicotuberculosis (Goldsmith, 1995).

The possible mechanisms by which sllicosis predisposes
to immunologic impairment and tuberculosis are described In
Ding (2002). Exposure has been shown to increase the risk of
TB in a range of contexts, with risk estimates ranging from
a doubling of risk of TB in South African Gold miners
(Kleinschmidt, 1997) to a nine-fold risk among sHicotic
patients in Hong Kong (Chang, 2001). A recent paper review-
ing the health of Indian miners aiso reported that pulmonary
tuberculosls was an important complication, seen in up to
§0% of patients of silicosis in some populations (Jindal,
2001). Patients with siticotuberculosis or other forms of infec-
tion often have significant expectoration, hemoptysis, fever,
and rapid progression to respiratory fallure. The infection risk
may also be elevated in the absence of concurrent pulmonary
pathology (ibid.). The tisk remained elevated even after the
exposure to silica dust has ceased, a finding that supports a
call for longer-term health surveillance of local populations
exposed to short-term geological hazards such as. voicanic
eruptions (Welnstein, 2002). ,

In some situations, water-bome infections have a close
relationship to geological processes and formations. Unique
conditions—such as subsurface geological formations—may
therefore create unexpected risks in terms of pathogen trans-
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mission. Recent work has focused on relationships between
microbial survival and hydrogeological parameters, including
the fate and transport of microbes in groundwater/aquifer
media. Microbial movement and viability is affected by flow
velooity, aquifer grain size, porosity, solid organic carbon
content, temperature, pH, and other chemical characteristics
of water and mineral composition of the aquifers. A 1998 out-
break in Texas attributed to Cryptosporidium was assoclated
with chiorinated wells located in limestone (Barwick, 2000).
Because Cryptosporidium is resistant to many water disin-
fecting agents, the parasite must be physically removed by fil-
tration. However, in the Texas outbreak, limestone and
Mndbodmkhﬂodtopmwdommnhmwﬁmm
(Robertson, 1997).

in another localized outbreak, Norwalk virus gastroenteritis -
affected 900 people in an Arizona resort. The infection was
traced back to a contaminated welt, which remained contam-
inated even after prolonged pumping. it was eventually deter-
mined that effiuent from the resort's sewage treatment faciiity
was seeping through fractures in the subsurface rock-—with
minimal filtration—into the deep well used for water supplies
(Lawson, 1991). The geological implications of such findings
In securing effective sanitation and safe water supplies will
clearly grow in importance with the advancing rate of human
impingement on geoclogical systems.

Geological compounds and infectious agents may even act
as co-carcinogens. A possible interaction between asbestos
and the SV(simlan virus)-40 virus in the development of
mesothelioma has been suggested in recent studies.
Cristaudo (2002) argues that SV-40, which was probably
transmitied by the inadvertent administration of contaminated
poliovaccines to millions of people in Europe and the United
States between 1955 and 1963, appears to be the best can-
didate as a cofactor with asbestos in the development of

-human mesothelioma.

2, REGIONAL GEOLOGICAL FACTORS

Many geological structures and processes may be consid-
ered at a regional scale, including predominant soll types,
excesses or deficiencles of trace elements, and the pre-
dominance of a particular geological formation. As human
populations have expanded and technology improved,
anthropogenic changes to the geological environment have
also expanded, many operating at a regional scale. Alt these
factors, both natural and/or artificial, may in tum impact upon
infactious disease pattems ‘and susceptibilities in human
populations.

Analysis of bacteria and fungl in sand- and dust-storms
have identified a wide range of airbome pathogens, including
Aspergillus, Actinomyoces, Pseudomonas, and Staphyiococ-
cus specles, suggesting that sandstorm dust Is a prolific
source of organisms linked to human ifiness (Kwaasi; 1988).
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Among the best characterized of dust-assoclated infections
result from the spores of the dimorphic fungus Coccidioides
immitis, which grows in topsoil. In-the past few decades,
the incidence of coccidioidomycosis has shown a marked
increass in semiarid regions of the Westermn Hemisphere,
particularly California (Centers for Disease Control, 1994).
Approximately 60% of infected persons are asymptomatic;
the remainder can deveiop & spectrum of manifestations that
range from miid to moderate influenza-like lfiness to pneumo-
nia to disseminated diseass, including meningitis.

Soll conditions are a major determinant of the distribution
and sbundance of this environmental hazard: soll nature,
temperature and moisture content combine to permit an
accumulation in the soll of viable spores. Where such condi-
tions are prevalent, the diseass is endemic (and enzootic),
and outbreaks among non-immune, non-resident people
entering such an area are common, it is aiso well-established
that oases are common after dust storms (Pappagianis,
1978; Fiynn, 1879; Willlams 1978). More recently, an associ-
stion with earthquakes has been identified, in which masses
of spore-iaden dust become airbome with seismic shock

< ‘'waves. Schnelider (1997) reported a 1994 outbreak of 203

‘ooccidioidomyooeis cases (including 3 fatalities), peaking 2
weeks after an earthquake in California. The majority of
cases (56%) and the highest attack rates (114 per 100 000
population) occurred in the town of Simi Valley. Environmen-
tal data indicated that large dust clouds, generated by land-
slides foltowing the earthquake and strong aftershocks in the
Santa Susana Mountains north of 8imi Vafley, were dis-
persed into nearby vaileys by northeast winds. A case-control
study in the community indicated that physically being in a
dust cloud (odds ratio, 3.0; 95% C, 1.6-5.4; P<0.001) and
time spent in a dust cloud (P<0.001) significantly increased

Geological attributes may aiso act indirectly on infectious
disease transmission, such as through the effect of soll types
and mineral constituents on distributions of disease vectors
and reservoirs. An example Is the association between solis
and the distribution of the black-legged tick, ixodes scapu-
faris, the vector of Lyme disease, human granulocytic ehrii-
chiosis, babesiosis, and other pathogens (Bunnell, 2003).
Environmental data and geographic information system
{QIS) modeliing in Wisconsin and lilinols indicated that soll
type and land cover are very important determinants of
clustering of ticks in the environment, even when the host
population is adequate (Guerra, 2002). With regard to soil
cover, tick presence was posttively assoclated with alffisol-
type soils of sandy or loam-sand textures overlying sedimsen-
tary rock, while absence was assoclated with acidic solls of
low fertility and a clay soll texture, and Precambrian bedrock.
Similar relationships between soll qualities and the disease
vector ixodes ricinus were found in Scandinavia (Jensen,
2000).

in some circumstances, levels of heavy metals, and the
toxic reactions they produce in the human body, may
increase {ikelthood of pathogen transmission. For example,
there is some evidence of an interrelationship between
arsenic and hepatitis B infection. In Taiwanese villages in
which chronic arsencsis is hyperendemic, hepatitis B surface
antigen chronic carrier status with fiver dysfunction appears
to have significant role in the development of arsenic-induced
skin cancer (Hsueh, 1995). Despite its use as an antimicro-
bial in the era before antibiotics, arsenic may also have the
capacity to raise the risk of infection given its assoclation with
the development of diabetes meliltus, extensive skin changes
{o.g. keratoses) and peripheral vascular disease (Taeng,
1998). However, these pathways remain relatively specula-
tive and have yet to be confirmed in targe scale studies.

3. GLOBAL QEOLOGICAL FACTORS

In the last few decades, there has been a growing awareness
that some environmental changes occur on a scale that
affects global ecologies: atmospheric, hydrogeociogical, and
food production systems woridwide have been transformed
in ways that sometimes leads to the emergence of human
infectious disease.

By the processes of deforestation and water abstraction for
irrigation, areas with moist rich solis can be changed into dry,
dusty plains subject to severe wind erosion. In lts extreme:
form, this process Is referred to as desertification, and can
result in vast areas (eg much of northem Africa and China)
that act as sources for globally dispersed dusts. Anthro-
pogenic influences (such as from farming and inigation) have
contributed to dust formation by enhancing the process of
desertification, with losses of over 10 miiiion hectares (~29
mion acres) of farmiand per year (Griffin, 2001). Estimates
suggest that annual volumes of over 1 biition tons are trans-
ported from the main African deserts alone (Mouiin, 2001).

The respiratory impact of North African dust on Caribbean
and South American ecosystems is well established, as Is the
morbidity associated with atmosphericafly dispersed dust in
High Asia (Derbyshire 2003). Surprisingly, the microbiology
and infectious disease risk assoclate with massive atmos-
pheric soll and dust transportation has not been studied in any
detall. This paucity of research is surprising given the potentiai
risks of long-range microblal dispersal. As Giriffin (2001) notes,
if storm-blown African locusts can survive transoceanic trans-
portand arriving in the Caribbean, ‘then so can the much more
versatile, tolerant and adaptive microbes’.

This waming Is substantiated both by laboratory findings
(which indicate a tenfold increase in normal microbial fall-out
during dust events) and by recent outbreaks of foot and
mouth diseass in stock (thought to be spread intemationally
by airbome viruses;" Donaldson, 2002). Although no out-
breaks of human disease have yet been attributed to the
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intercontinental airborne transportation of pathogens, this Is
- perhaps only a matter of time: globally, desertification contin-
ues fo aiter the geological environments that witi make such
infectious disease outbreaks a realistic possibility.

5. CONCLUSION

in this paper we have highlighted how changes to the
geosphere can impact on human disease burdens, looking
specifically at infectious diseases. These processes may
occur in conjunction with infection-promoting disruptions in
. the hydrosphere (cf. the emergence of waterbome cryp-
fosporidiosis), the atmoephere (cf. climate change and the
re-emergence of vectorbome disease), and blosphere (cf
commerce and travel -related dispersal of pests and
pathogens) (Sutherst, 2004),

This pattem of emerging infectious diseases assoclated
with ecosystem disruptions is referred to as the ‘third epi-
. demiological transition’. The first epidemiological transition
occurred with the advent of agriculture and cities, and its
accompanying change in disease burden from famine to con-
taglous (crowd) disease; the second with the industrialisation
and the advent of the cardiovascular diseases and cancers of
affiuence; and the third, underway at present, with the disrup-
fion of global ecosystems (McMichael, 1993). As Mouchet
{19897) notes, the need for and almost aggressive utilisation
of new areas and resources may have serious epidemiologi-
cal consequences.

The geogenic processes described above clearly form a
major component in understanding this third disease transi-
tion. As Sutherst (2004) notes, to understand the dynamics of
Infectious disease we must account for factors impacting on
ecosystems, Including geological processes, ranging from
local disturbances—such as mining—to changes playing out
on a global scale. The natural time-scale of geospheric
events may also be distrupted by humans: unlike more
gradual geological processes, anthropogenic interventions
often cause dramatic changes in much shorter time frames,
often within the period of a single human generation.

in summary, the process of adapting to and remediating
the health effects from ecosystem disruption requires an inti-
mate understanding of the relationship between human
heaith and ‘ecological health. Geological environments are
integral to most of Earth's ecosystems, and should be consid-
ered explicitly In our understanding and evaluations of how
environmental processes impact on health. in this review, we
hope that we have reinforced the need for research In
medical geology in order, ultimately, to decrease global
disease burdens.
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ABSTRACT

Human beings can be exposed to arsenic from a varlety of
environmental and occupational sources. Arsenic is athero-
genic and has been suggested to be the most possible cause
of an endemic peripheral arterial disease known as ‘blackfoot
disease (BFD)’ along the southwesten coast of Taiwan.
According to an early epidemiologic study, patients with BFD
suffered from a high mortality rate (4.84 per 100 patient-
years) and the causes of death were mostly attributed to
cardiovascular diseases (44%). Later epidemiologic studies
carried out in the BFD villages demonstrated that the excess
mortality of cardiovascular diseases was associated with the
arsenic content in the well water. The relative risks for mortal-
ity from ischemic heart disease (IHD) were 1.0, 2.5, 4.0 and
6.5, respectively, for those with cumulative arsenic exposure
(CAE) of 0, 0.1-9.9, 10.0-19.9 and = 20.0 mg/l-years. A recent
study evaluating the assoclation between arsenic exposure
and IHD in the residents of the BFD villages clearly showed
that IHD was associated with CAE in a dose-response
pattem. For those with CAE of 0, 0.1-14.9 and 215mg/-
years, the prevalence rates of IHD were 5.2%, 10.9% and
24.1%, respectively (p < 0.001); and the adjusted odds ratios
(95% confidence intervals) were 1.00, 1.60 (0.48-5.34), and
3.60 (1.11-11.65), respectively. In conclusions, long-term
arsenic exposure as demonstrated from epidemiologic
studies in Talwan Is associated with increased risk of IHD and
cardiovascular mortality. The mechanism of arsenic-induced
atherosclerosis requires further investigation.

INTRODUCTION

An extensive pathologic study done in early 1960s demon-
strated that 30% of the BFD patients had histologic lesions
compatible with thromboangiitis obliterans and 70% showed
changes .of arteriosclerosis obliterans (Yeh and How, 1963).
Since atherosclerosis is a systemic disease, which might not
only involve the lower extremities, It is rationale to look into
the problem of IHD, which represents atherosclerotic involve-
ment of the coronary arteries. In this paper, the author briefly
reviewed the association between arsenic exposure and [HD
from epidemiologic studies carried out in Talwan.

ARSENIC EXPOSURE AND CARDIOVASCULAR MORTALITY

The annual death rate of BFD patients was relatively high and
has been estimated to be 4.84 per 100 patient-years after




