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Over the past 50 years, the search for microorganisms in
seemingly uninhabitable environments, such as at the extremes
of pH, temperature, nutrient concentration, and pressure, has
yielded a great deal of information about the diversity and
origins of microbial life. Archaea, one of the three domains of
life, is a highly diverse and abundant group of prokaryotes, and
includes a number of “extremophiles” that thrive in such en-
vironments as hot springs, salt lakes, and submarine volcanic
habitats (33). Recent molecular studies have also revealed that
archaea, like bacteria, are commonly mesophilic (10). It is
puzzling that despite being one of the most numerous and
ubiquitous life forms on earth, no member of the domain
Archaea has been described as a human pathogen (47) (Fig. 1).

Archaea differ from eukarya and bacteria in terms of ge-
netic, biochemical, and structural features. For example, ar-
chaea possess unique flagellins and ether-linked lipids (59) and
lack murein in their cell walls (24). Multiple archaeal genomes
have been sequenced to completion, contributing to a better
understanding of the unique cellular processes of archaea and
their role in adaptation to extreme environments. Despite the
information emerging about archaeal genomes, structure, and
function, much remains unknown. Over half of archaeal genes
encode unique proteins with unknown functions (18). Difficul-
ties in the isolation and cultivation of archaea also contribute
to a relative lack of knowledge. No definitive virulence genes
or factors have been described in archaea to date. Neverthe-
less, archaea may have the means, and they certainly have the
opportunity, to cause disease.

Archaea share some characteristics with known pathogens
that may reflect the potential to cause disease. Such charac-
teristics include ample access to a host (i.e., opportunity) and
capabilities for long-term colonization and coexistence with
endogenous flora in a host. The detection of anaerobic archaea
in the human colonic (36), vaginal (2), and oral microbial flora
(1) demonstrates their ability to colonize the human host.
Details regarding their survival in such human niches, includ-
ing human immune system evasion and competition with nor-
mal human flora, however, are largely unavailable. Whether or
not members of the Archaea possess virulence factors as com-
monly defined (i.e., the means for causing disease) is unclear.
Of course, generalizations about a group of organisms as di-
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verse as archaea are problematic. With this in mind, one might
ask whether there are any fundamental features shared by
archaea that should preclude them from acting as pathogens.
In this paper, we discuss human diseases in which archaea may
play a role as well as potential virulence characteristics of
archaea, possible explanations for the current absence of in-
formation about archaea as pathogens, and molecular methods
that might be utilized in the search for such pathogens.

POTENTIAL PATHOGENICITY OF ARCHAEA

Might archaea be capable of causing disease? Current data
suggest that archaea are able to colonize and survive in hu-
mans. However, no concerted efforts have been undertaken
to implicate archaea in human disease. The full spectrum of
outcomes from these archaea-human interactions, whether it
includes altered host physiology, tissue damage, or clinical
disease, remains a mystery. In general, pathogens are distin-
guished from commensals by their reliance on a strategy for
survival and replication in or transmission from a host that
regularly leads to cellular, tissue, or organismal damage. Strat-
egies can vary enormously, but they often define a signature for
a family of pathogens. These strategies involve gaining access
to the host in sufficient numbers, adhering to and colonizing a
niche, evading host defenses, and multiplying in the host (50).
If some archaea behave as pathogens they probably follow this
basic scheme, but they may use fundamentally different mech-
anisms at some or all of these steps.

(i) Access and colonization. The ubiquity of archaea in na-
ture provides them ample opportunity for access to and colo-
nization of susceptible hosts. In fact, we know of multiple
niches for archaea in the human host. Methanogens, for ex-
ample, have been identified among the human colonic (36),
subgingival (1, 6, 29), and vaginal flora (2). Given their require-
ment for strictly anaerobic microenvironments, methanogens
are likely to exist in human anatomic sites where well-charac-
terized anaerobic bacteria flourish, possibly as coinhabitants.

Specific surface interactions between host cells and archaea
have not been characterized, nor have specific mechanisms
involved in cell or tissue tropism. However, potential means for
movement and attachment have been described. Unique fla-
gella have been identified for many genera of archaea, and
such flagella have more structural similarities to the type IV
pili of bacteria than they do to bacterial flagella (55). Multiple
archaeal genomes contain partial fad loci, which may encode
Tad-like proteins involved in fibril formation and surface
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FIG. 1. Universal phylogenetic tree based on comparison of small subunit rRNA sequences. Phyla or divisions of Eucarya and Bacteria in which
known human pathogens exist are shown in red. Archaea branches denote families rather than phyla, except for the Korarchaeota. Note that
pathogens exist within the Fusobacteria, Acanthamoebidae, Stramenophiles, and Mesomycetozoa; however, these divisions are not pictured.

(Modified from reference 44 with permission of the publisher.)

adherence (23). Pyrodictium species, which are disk-shaped
hyperthermophilic crenarchaeotes, grow in culture as myceli-
um-like cell masses (33). A network of hollow flagellum-like
filaments connects the Pyrodictium cells in a web-like arrange-

ment, the purpose of which is unclear. It is possible such
structures may be involved in host-microbe adherence or mi-
crobe-microbe interactions within a potential host.

Once an archaeal pathogen reaches its specific host niche, it
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