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GUEST COMMENTARY

Host as the Variable: Model Hosts Approach the
Immunological Asymptote
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There is currently great interest in studying the interaction
of nonmammalian hosts with microbes that are pathogenic to
mammals. In recent years, numerous studies have reported the
outcome of human pathogenic microbe interactions with such
nonmammalian hosts as amoebae, slime molds, plants, worms,
fish, and insects (18, 20, 24, 27, 32, 34). This trend is fueled by
many forces, including the precedent established by the dis-
covery of Toll receptors in flies (3), the realization that micro-
bial virulence mechanisms are often shared and conserved
among very different types of hosts (26), the suggestion that for
certain microbes mammalian virulence may originate from in-
teractions with nonmammalian hosts in the environment (7,
34), the attraction of simpler host-microbe systems with well-
developed genetic tool boxes (32), fewer restrictions on the use
of nonvertebrate hosts, and scientific curiosity about the extent
to which host-microbe interactions are common. In this issue,
we are presented with a timely Minireview on worms and flies
as model hosts (20) and the description of yet another model
host system for the study of fungal pathogenesis using moths
(23). Clearly, the study of model hosts is a powerful tool in
microbial pathogenesis; yet, their use poses questions that
range from the proper lexicon to the justification for this type
of scientific inquiry.

Host: alternate, alternative, either, or neither? When inves-
tigators attempt to glean new insights about the pathogenesis
of a specific microbe from a new experimental system that
utilizes a different type of host, the new system is sometimes
referred to as an alternate or alternative host or model. Al-
though this terminology is understandable in the context of
differentiating the new experimental system from the verte-
brate or mammalian host of interest, the terms “alternate host”
or “alternative host” are already used in other fields, where
they convey specific meanings. An alternate host has been
defined as a secondary host, as either host of a heteroxenous
rust (28), and as a facultative intermediate host (14). The
alternate host also applies to the situation with some parasites,
like Plasmodium spp., that alternate between different hosts as
part of their life cycle. The phrase “alternative host” is some-
times used to refer to plant hosts that can be colonized by, but
are different than, the main host and are not required for the

completion of the life cycle of a specific pathogen (19). Since
these experimental systems are not usually intended to allow
completion of a life cycle, the term “alternative” is probably
preferable to maintain some continuity of meaning with the
scientific lexicon and the plant and mycology literature. How-
ever, a closer inspection of these terms suggests that neither
term is really adequate to convey the intended meaning, since
the use of a new host is not usually viewed as an alternative to
the mammalian host but rather as an experimental system that
will hopefully yield new insights by comparative analysis. Con-
sequently, it may be more precise to simply use the phrase
“model host” or “host model.” Some recent papers have used
this terminology (18, 32).

Model hosts: novelty or ancient history? The discovery of
Toll receptors in Drosophila melanogaster has reinvigorated the
study of other hosts in the disciplines of microbial pathogenesis
and immunology, but it is worth remembering that Metchnikoff
drew key immunological and developmental insights from ob-
servational studies of marine invertebrates (36). His observa-
tion of amoeboid cells congregating at a lesion in a starfish
inspired his proposal of the phagocytic theory of immunity.
Metchnikoff’s work predated the identification of Toll recep-
tors by 100 years, and both observations were possible because
of the conservation of the innate immune system. In fact, a
strong case can be made that model hosts are old experimental
systems that date to the very beginnings of experimental biol-
ogy and helped launch the science of immunology.

Microbial and immunological variables. Since microbial vir-
ulence is only one outcome of the interaction between a mi-
crobe and its host, investigators of microbial pathogenesis must
consider at least two variables in any experimental system: the
host and the microbe (9). However, since the interests of most
investigators in the field of microbial pathogenesis are primar-
ily microbecentric or hostcentric, most experimental systems
are focused on either the microbe or the host. A microbe- or
hostcentric focus is also encouraged by the current reductionist
intellectual climate that encourages in-depth investigation of
relatively narrow questions. Microbecentric views of virulence
emphasize the existence of virulence factors and mechanisms
by which microbes cause disease in susceptible hosts, while
hostcentric views tend to focus on immunological variables that
affect host susceptibility (9, 10). This dualism is reflected in the
larger fields of microbiology and immunology, where the major
experimental variables are usually microbe related and host

* Mailing address: Department of Medicine, Albert Einstein Col-
lege of Medicine, 1300 Morris Park Ave., Bronx, NY 10461. Phone:
(718) 430-2215. Fax: (718) 430-8968. E-mail: casadeva@aecom.yu.edu.

3829



related, respectively. Consequently, microbecentric investiga-
tors tend to modify microbial variables while keeping the host
constant. For example, microbecentric investigators generate
microbial mutants and evaluate the contributions of specific
genes to the outcome of the host-microbe interaction. This
approach is exemplified in Falkow’s molecular postulates of
virulence, where the object is to use the tools of molecular
biology to rigorously identify those attributes that contribute to
virulence (11). In contrast, hostcentric investigators tend to
vary the host while keeping the microbe constant. Hence, im-
munologists evaluate the contributions of certain components
of the host immune system by making directed gene deletions
and comparing the outcomes of infection with given hosts.
Another example where host variables are altered is found in
vaccine studies where the efficacy of a potential vaccine antigen
is evaluated by comparing the susceptibilities of immunized
and naı̈ve hosts to a microbe. The causes of this intellectual
divide are probably multifactorial and reflect the need for
reductionism in the study of complex systems, scientific tribal-
ism, and the intellectual traditions that spawned the disciplines
of immunology and microbial pathogenesis from the older
fields of microbiology and medicine after the germ theory of
disease was accepted in the late 19th century.

Viewed from the context of the microbe- and hostcentric
divide, the use of nonmammalian hosts to explore questions of
microbial virulence allows microbecentric investigators to ap-
proach the immunological asymptote, since changing the host
makes the host an experimental variable. Conversely, for host-
centric investigators, the experiences with model hosts provide
the basis for comparison that allows the identification of com-
mon themes in host defense. Hence, the introduction of model
hosts into microbial virulence studies has the potential to nar-
row the intellectual divide between microbecentric and host-
centric investigators.

Limitations of other model systems. A major limitation of
model host systems is that they are useful only for studying
nonspecific pathogens (i.e., those capable of infecting and
causing disease in more than one host). In this regard, the
development of model systems for the human pathogenic fun-
gus Cryptococcus neoformans involving amoebae (5, 31), slime
mold (30), flies (1), worms (21), and now moths (23) is possible
because of the remarkable host range of C. neoformans, which
also extends to other mammals, birds, and reptiles (8, 13).
Model host systems are usually not applicable to viral patho-
gens that have only one host or to parasites with highly spe-
cialized host systems. Another significant limitation of model
host systems for mammalian pathogenesis is the need to work
at lower temperatures. For example, Dictyostelium discoideum
is not viable at temperatures above 27°C, and this precludes
studies of microbial virulence expression at mammalian tem-
peratures (32). The development of the wax moth (Galleria
mellonella) as a model host for C. neoformans (23), Aspergillus
flavus (33), and Candida albicans (4) is a significant advance
because moths can tolerate mammalian temperatures. Inter-
estingly, C. neoformans killed moths faster at 37°C than at 30°C
(23), suggesting a temperature regulation of virulence factors
or an impairment of moth immunity at the higher temperature
range.

When model hosts are available as experimental systems, the
advantages and disadvantages of the particular system being

considered are also a function of the phylogenetic distance
between the hosts compared and the experimental question
being investigated. Hostcentric investigators interested in im-
munological questions must contend with the fact that the
likelihood of finding commonalities between hosts decreases
with their phylogenetic distance. On the other hand, the dis-
covery of a shared immune or virulence strategy between phy-
logenetically distant hosts could provide major insights into
host defense and microbial pathogenesis. Conservation of
function across evolutionary distances suggests that the rele-
vant function conferred a significant survival advantage across
the evolutionary time scale. Alternatively, the identification of
common host defense or virulence strategies could reflect con-
vergent evolution to a particularly suitable solution to a micro-
bial virulence problem. However, immune and virulence strat-
egies specific to mammalian host-microbe interactions are less
likely to be discovered by focusing on model hosts. Hence, the
adaptive immune system would not have been discovered if
immunological experimentation was limited to invertebrate or
unicellular hosts. Similarly, a host defense mechanism discov-
ered in a phylogenetically distant model host may have no
relevance to host defense in mammals. For example, insects
use melanin polymerization, a defense mechanism not found in
vertebrates, to trap, contain, and kill microbial pathogens (29).
However, such information may still be medically useful, since
one could imagine genetically modifying the host of interest to
express defense mechanisms of a phylogenetically distant host.
Furthermore, microbes that infect phylogenetically distant
hosts must have developed virulence strategies to cope with
differences in immune mechanisms that in turn may rely on
common attributes that can be discerned only by comparative
studies. Returning to the melanin example, it is remarkable
that this pigment is used both by insects for host defense (29)
and by many microbes for virulence (25). Insights gained from
model hosts could conceivably be exploited to enhance the
resistance of other susceptible hosts. In this regard, the highly
effective melanin-based defense strategies used by insects
might be engineered into vertebrate or plant hosts, thus pro-
viding a new layer of innate immune defense.

For microbecentric investigators, the identification of micro-
bial virulence strategies that are used in both vertebrate and
invertebrate hosts would imply highly conserved mechanisms
of pathogenesis. Hence, the finding that Legionella pneumo-
phila and C. neoformans employ generally similar strategies to
subvert amoebae and macrophages indicates the development
of a non-host-specific pathogenic strategy (31, 34). In this sit-
uation, identifying commonalities and differences between the
host-microbe interactions could be extremely insightful for dis-
secting the relevant pathogenic strategy.

Justification. A hurdle faced by investigators wanting to use
other hosts to study pathogenesis at a time of limited resources
is the need for developing a compelling rationale for justifying
their studies. Clearly, if support for biomedical research by
society is largely intended for the goal of improving human
health, then it is reasonable to ask about the potential benefits
of committing scarce resources to the study of microbial inter-
actions with other hosts. Fortunately, there are powerful ra-
tionales for using model hosts, some of which have also been
proposed by others (15, 20, 32).
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(i) Dissection of virulence mechanisms. Model hosts provide
convenient systems for identifying potential attributes of viru-
lence in pathogenic microbes. Model hosts are generally better
suited than mammalian hosts for high-throughput screening
techniques, including genomic and proteomic analyses. The
finding that mechanisms of virulence are conserved across very
different types of host-microbe interactions provides a compel-
ling rationale for employing model hosts to screen for and
identify virulence determinants. There are now numerous pre-
cedents whereby virulence determinants identified in model
hosts have been shown to be important for mammalian viru-
lence (16, 22, 32, 35). Insights made with model hosts can then
be tested with mammal hosts to ascertain their relevance for
mammalian microbial pathogenesis.

(ii) Comparative immunological studies. Model hosts can be
used to screen for host genetic determinants of both suscepti-
bility and resistance, which can then be tested with mammal
host systems for relevance to host defense. The discovery of
Toll receptors in flies and the subsequent identification of
Toll-like receptors in vertebrates is the precedent that is often
used to justify using model hosts to search for new host defense
mechanisms. On the other hand, discovering host defense
mechanisms in model hosts that have no counterpart in mam-
mals can provide useful insights into other defensive strategies
and may reveal microbial vulnerabilities that could be ex-
ploited by drug discovery or crop engineering to reduce micro-
bial susceptibility.

(iii) Emergence and maintenance of virulence for certain
microbes. For some pathogenic microbes acquired from the
environment, the phenomenon of mammalian virulence may
result from selection by other microbes, including predators (6,
7). Given that many emergent infectious diseases originate
from the environment and that mammalian virulence is influ-
enced by microbe-microbe interactions in environmental
niches, one can justify studies of microbes and their likely
natural hosts to understand, anticipate, and identify potential
threats. Hence, the study of the interaction of microbes with
other microbes and hosts could provide insights into the mech-
anisms responsible for the emergence of virulence.

(iv) Evolutionary studies. Host-microbe interactions are al-
most certainly ancient in the evolutionary timescale. In fact,
eukaryotic cells may have originated from early host-microbe
interactions between unicellular organisms which resulted in
the emergence of organelles from ancient infection events that
led to symbiotic microbial interactions (17).

(v) Drug screening. Invertebrates have been used for screen-
ing potentially useful medicinal compounds by taking advan-
tage of conversed physiology between animals. For example,
Drosophila has been used to screen for antiaging drugs (2), and
Caenorhabditis elegans has been used to screen for antihelmin-
thic microbial molecules (12). A paper by Mylonakis et al.
demonstrates how moths infected with a fungal pathogen can
be used to assess the efficacies of combinations of antifungal
agents (23). It is noteworthy that the combination of ampho-
tericin B and 5-flucytosine is most effective against C. neofor-
mans in moths, a finding that parallels human experience and
suggests the potential utility of model hosts to rapidly screen
drug combinations for antimicrobial efficacy.

Model hosts are old experimental systems that have been
employed for the study of virulence and host defense since the

dawn of immunology. Model host systems are powerful adjunc-
tive tools for studying virulence because they have the capacity
to highlight similarities, contrast differences, and provide im-
portant insights. However, they are not substitute or alterna-
tive hosts, since each host-microbe system is unique and no one
host can fully replicate another. Even within a species, the
genetic diversity among individuals and microbes makes each
host-microbe interaction unique. Model hosts are increasingly
attractive systems that will undoubtedly continue to find new
uses and applications.

ACKNOWLEDGMENT

This work was supported by GM071421.

REFERENCES

1. Apidianakis, Y., L. G. Rahme, J. Heitman, F. M. Ausubel, S. B. Calderwood,
and E. Mylonakis. 2004. Challenge of Drosophila melanogaster with Crypto-
coccus neoformans and role of the innate immune response. Eukaryot. Cell
3:413–419.

2. Bauer, J. H., S. Goupil, G. B. Garber, and S. L. Helfand. 2004. An acceler-
ated assay for the identification of lifespan-extending interventions in Dro-
sophila melanogaster. Proc. Natl. Acad. Sci. USA 101:12980–12985.

3. Brennan, C. A., and K. V. Anderson. 2004. Drosophila: the genetics of innate
immune recognition and response. Annu. Rev. Immunol. 22:457–483.

4. Brennan, M., D. Y. Thomas, M. Whiteway, and K. Kavanagh. 2002. Corre-
lation between virulence of Candida albicans mutants in mice and Galleria
mellonella larvae. FEMS Immunol. Med. Microbiol. 34:153–157.

5. Bunting, L. A., J. B. Neilson, and G. S. Bulmer. 1979. Cryptococcus neofor-
mans: gastronomic delight of a soil amoeba. Sabouraudia 17:225–232.

6. Casadevall, A. 2005. Fungal virulence, vertebrate endothermy, and dinosaur
extinction: is there a connection? Fungal Genet. Biol. 42:98–106.

7. Casadevall, A., J. D. Nosanchuk, and J. N. Steenbergen. 2003. ‘Ready-made’
virulence and ‘dual-use’ virulence factors in pathogenic enviromental fungi—
the Cryptococcus neoformans paradigm. Curr. Opin. Microbiol. 112:1164–
1175.

8. Casadevall, A., and J. R. Perfect. 1998. Cryptococcus neoformans. American
Society for Microbiology, Washington, D.C.

9. Casadevall, A., and L. Pirofski. 2001. Host-pathogen interactions: the at-
tributes of virulence. J. Infect. Dis. 184:337–344.

10. Casadevall, A., and L. A. Pirofski. 2002. What is a pathogen? Ann. Med.
34:2–4.

11. Falkow, S. 1988. Molecular Koch’s postulates applied to microbial pathoge-
nicity. Rev. Infect. Dis. 10(Suppl. 2):S274–S276.

12. Haber, C. L., C. L. Heckaman, G. P. Li, D. P. Thompson, H. A. Whaley, and
V. H. Wiley. 1991. Development of a mechanism of action-based screen for
anthelmintic microbial metabolites with avermectinlike activity and isolation
of milbemycin-producing Streptomyces strains. Antimicrob. Agents Che-
mother. 35:1811–1817.

13. Hough, I. 1998. Cryptococcosis in an eastern water skink. Aust. Vet. J.
76:471–472.

14. Landau, S. I., et al. (ed.). 1986. International dictionary of medicine and
biology. John Wiley & Sons, New York, N.Y.

15. Mahajan-Miklos, S., L. G. Rahme, and F. M. Ausubel. 2000. Elucidating the
molecular mechanisms of bacterial virulence using non-mammalian hosts.
Mol. Microbiol. 37:981–988.

16. Mahajan-Miklos, S., M. W. Tan, L. G. Rahme, and F. M. Ausubel. 1999.
Molecular mechanisms of bacterial virulence elucidated using a Pseudomo-
nas aeruginosa-Caenorhabditis elegans pathogenesis model. Cell 96:47–56.

17. Margulis, L. 1971. The origin of plant and animal cells. Am. Sci. 59:230–235.
18. Miller, J. D., and M. N. Neely. 2004. Zebrafish as a model host for strepto-

coccal pathogenesis. Acta Trop. 91:53–68.
19. Moeser, J., and S. Vidal. 2004. Do alternative host plants enhance the

invasion of the maize pest Diabrotica virgifera virgifera (Coleoptera: Chry-
somelidae, Galerucinae) in Europe? Environ. Entomol. 33:1169–1177.

20. Mylonakis, E., and A. Aballay. 2005. Worms and flies as genetically tractable
animal models to study host-pathogen interactions. Infect. Immun. 71:3833–
3841.

21. Mylonakis, E., F. M. Ausubel, J. R. Perfect, J. Heitman, and S. B. Calder-
wood. 2002. Killing of Caenorhabditis elegans by Cryptococcus neoformans as
a model of yeast pathogenesis. Proc. Natl. Acad. Sci. USA 99:15675–15680.

22. Mylonakis, E., A. Idnurm, R. Moreno, J. El Khoury, J. B. Rottman, F. M.
Ausubel, J. Heitman, and S. B. Calderwood. 2004. Cryptococcus neoformans
Kin1 protein kinase homologue, identified through a Caenorhabditis elegans
screen, promotes virulence in mammals. Mol. Microbiol. 54:407–419.

23. Mylonakis, E., R. Moreno, J. B. El Khoury, A. Idnurm, J. Heitman, S. B.
Calderwood, F. M. Ausubel, and A. Diener. 2005. Galleria mellonella as a

VOL. 73, 2005 GUEST COMMENTARY 3831



model system to study Cryptococcus neoformans pathogenesis. Infect. Im-
mun. 71:3842–3850.

24. Neely, M. N., J. D. Pfeifer, and M. Caparon. 2002. Streptococcus-zebrafish
model of bacterial pathogenesis. Infect. Immun. 70:3904–3914.

25. Nosanchuk, J. D., and A. Casadevall. 2003. The contribution of melanin to
microbial pathogenesis. Cell. Microbiol. 5:203–223.

26. Rahme, L. G., E. J. Stevens, S. F. Wolfort, J. Shao, R. G. Tompkins, and
F. M. Ausubel. 1995. Common virulence factors for bacterial pathogenicity in
plants and animals. Science 268:1899–1902.

27. Rahme, L. G., M. W. Tan, L. Le, S. M. Wong, R. G. Tompkins, S. B.
Calderwood, and F. M. Ausubel. 1997. Use of model plant hosts to identify
Pseudomonas aeruginosa virulence factors. Proc. Natl. Acad. Sci. USA 94:
13245–13250.

28. Singleton, P., and D. Sainsbury. 1987. Dictionary of microbiology and mo-
lecular biology. John Wiley & Sons, Chichester, England.
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