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Potential Malaria
Reemergence,
Northeastern
Thailand

To the Editor: The emergence
and reemergence of infectious diseas-
es are major problems for healthcare
systems worldwide. Unfortunately,
because accurate prediction of the oc-
currence of such diseases is difficult,
if not impossible, surveillance and
control can be carried out only after
the outbreak has occurred. Predicting
the likelihood of a disease outbreak
should make it possible to start sur-
veillance programs before outbreaks
occur and to initiate control programs
before the population has become
seriously affected. We used data on
changes in land use patterns to predict
the likelihood of malaria reemergence
in northeastern Thailand.

Because natural rubber is of ma-
jor economic importance and cannot
be replaced by synthetic alternatives,
the demand for and production of this
commodity has consistently increased
(1). This situation has led to changes
in agricultural practices in various
countries in Southeast Asia; rubber
production has increased in Myanmar,
Laos, Thailand, and Vietnam (/,2).

Northeastern Thailand (Isaan) is a
relatively poor area, and most rubber
plantations belong to smallholders and
provide them with a large source of in-
come (3). In 1993, ~284 km? of north-
eastern Thailand were covered by rub-
ber plantations; this area increased to
422 km? in 1998 and to 948 km? by
2003 (3). Since then, planting has in-
creased exponentially so that, by 2006,
the total area planted with rubber was
>2,463 km?; new plantings expanded
another ~1,345 km? from 2004 to 2006
and increased to a total of 5,029 km? in
2007 (3). The plants mature =6 years
after planting; at that stage, the trees
can reach 10-12 m in height, although
the growth rate depends on the physi-
cal and biotic environment (4).

Deforestation in northeastern
Thailand early in the last century led to
an extreme reduction in the incidence
of malaria (5) because the main vector
mosquito in this area, Anopheles dirus
sensu stricto, is forest dwelling and
requires a shaded environment for its
survival and reproduction (6). Current-
ly, the northeastern part of the country
is relatively free of autochthonous
malaria cases except for 3 provinces
that border Cambodia and Laos (5),
Srisaket, Ubon Ratchathani, and Su-
rin. In Srisaket and Ubon Ratchathani,
25% and 31%, respectively, of malaria
cases are imported, particularly from
Cambodia (7).

Mosquitoes are sensitive to
changes in environmental conditions,
such as shade, temperature, and hu-
midity. These conditions are often in-
fluenced by land use change, such as
conversion of rice paddies to rubber
plantations (§). In addition to provid-
ing economic benefits for the popula-
tion, rubber plantations also provide
suitable habitats for 4. dirus s.s., per-
haps even better habitats than those
found in the original rain forest; new
plantations lead to increased mosqui-
to density and disease incidence (§).
Thus, planting large tracts of rubber
potentially increases the likelihood of
the reemergence of malaria in north-
eastern Thailand, although a malaria
vector such as A. dirus s.s. could re-
turn without reemergence of the dis-
ease (9).

Should malaria return, the great-
ly reduced contact between the local
Isaan population and Plasmodium spp.
over the past =50 years suggests that
malaria would enter a highly suscep-
tible population, potentially leading to
major health problems at the individual
and regional levels. This possibility is
of particular concern because several
strains of Plasmodium in Thailand and
surrounding countries are multidrug
resistant, which leads to treatment dif-
ficulties (9).

Each land use change creates
different microclimatic conditions,
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which directly and indirectly affect the
occurrence and distribution of malaria
(10). Whether malaria will return as a
major health threat likely depends on
the size and fragmentation of the in-
dividual plantation areas. The required
size of a plantation for the survival of
the vector population is unclear, but
large areas of plantation tend to offer
dense vegetation and, therefore, high
humidity and shade, which provide
suitable environmental conditions for
larval habitats, even during the dry
season (8). Conversely, during the
rainy season, conditions at the edges
of fragmented forests, where human
settlements are often located, become
favorable for larval habitats, render-
ing villagers susceptible to the disease
(6). In addition to changes in habitat
and microclimate, social or political
changes in the region may affect the
transborder movement of malaria into
Thailand with consequences for po-
tential reemergence (7).

Although the association between
rubber plantations and malaria is well
known in Southeast Asia, the poten-
tial for reemergence should receive
substantially more attention from eco-
nomic, agricultural, and environmen-
tal planning bodies. Changes in land
use and land cover have the potential
to facilitate the transmission of disease
to humans. Understanding the influ-
ence of land use change on malaria oc-
currence is critical for shaping future
surveillance and control strategies.
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Fatal Borreliosis
in Bat Caused by
Relapsing Fever
Spirochete, United
Kingdom

To the Editor: Tick-borne relaps-
ing fevers caused by members of the
genus Borrelia have been encountered
throughout Africa, Asia, the Americas
and, rarely, in southern Europe (/).
The Borrelia species associated with
relapsing fevers form a monophyletic
group within the genus, although not
all members of this group have yet
been implicated as agents of human
disease. For example, a novel spiro-
chete that is closely related to the re-
lapsing fever agent Borrelia turicatae
has recently been detected in Carios
kelleyi, an argasid bat tick (2,3). We
report the discovery of a spirochete
causing fatal borreliosis in a bat in the
United Kingdom.

The infected bat was a juvenile
female Pipistrellus species that was
found alive but on the ground near the
town of Mevagissy in southwestern
England in August 2008; despite reha-
bilitation efforts, it died a few days lat-
er. A postmortem examination showed
pale skeletal muscles, anemia, excess
blood-tinged pleural fluid, a healthy
thymus, but enlarged cranial thoracic
lymph nodes. The liver was greatly
enlarged and mottled, the spleen was
also large and unusually dark, and the
adrenal glands were enlarged and pale
with areas of hemorrhage. The kid-
neys were pale with a fine speckling
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