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ABSTRACT
Bartonella bacilliformis causes Carrion’s disease. It
invades erythrocytes during the acute phase and
endothelial cells during the chronic phase of this
disease. Studies have shown that flagellin, ialAB, and
deformin as well as other proteins are involved in
erythrocyte invasion. Endothelial cell invasion has a
different mechanism. It requires a 43 kDa antigen and
the activation of Rho.

INTRODUCTION
Bartonellosis, also called Carrion’s disease, is a biphasic
disease restricted to the South American Andes including
the countries of Peru, Columbia, and Ecuador. This
disease is caused by Bartonella bacilliformis infection, a
gram-negative and haemotrophic bacterium, which
enters the bloodstream of humans through the bite of a
female sand fly, Lutzomyia verrucarum (Kreier and Ristic,
1981; Hertig, 1942). Only humans acquire bartonellosis.
Bartonellosis causes two distinct clinical syndromes:
Oroya fever and Verruga peruana. The Oroya fever is the
primary, acute, and hematic phase characterized by
fever, malaise, and a severe intravascular hemolytic
anemia (Weinman, 1944; Reynafarje and Ramos, 1961;
Garcia-Caceres and Garcia, 1991). In this phase, nearly
100% of erythrocytes are infected, and almost 80% of
them are lysed (Weinman, 1944; Reynafarje and Ramos,
1961; Hutado et al., 1938). If untreated, this phase of
disease has a 40% fatality rate (Weinman, 1944). Verruga
peruana is the secondary, chronic, and tissue phase
attributed to the invasion of endothelial cells by B. bacilliformis. Patients usually enter this phase following four
to eight weeks of Oroya fever. Verruga peruana is characterized by angiomatous cutaneous eruptions (Gray et
al., 1990). B. bacilliformis invades endothelial cells in this
phase and subsequently stimulates the formation of new
blood vessels and as well as endothelial cell proliferation
(Garcia et al., 1990; Garcia et al., 1992; Hill et al., 1992).

ERYTHROCYTE INVASION
B. bacilliformis is a highly motile bacterium, with
multiple flagella. The major component of the flagella, a
42 kDa protein called flagellin, was isolated and identified (Scherer et al., 1993). Anti-flagella antibody reduces
binding of B. bacilliformis to erythrocytes, but cloned
flagellin and flagella isolated directly from B. bacilli-
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formis do not bind to erythrocytes directly (Scherer et al.,
1993). This suggests that flagellin is indirectly involved in
erythrocyte invasion.
Mature erythrocytes contain very little actin and are nonendocytotic. Treatment of erythrocytes with glycolysis
and proton-motive-force inhibitors has no effect on B.
bacilliformis adhesion (Walker and Winkler, 1981). Hence
erythrocytes are passive and make no significant contribution to B. bacilliformis uptake or invasion.
In 1995, the B. bacilliformis invasion-associated locus A
and B (ialAB) genes were identified. They code for a 20.1
kDa and 19.9 kDa protein, respectively (Mitchell and
Minnick, 1995). IalAB were shown to be involved in
erythrocyte invasion by conferring an erythrocyte-invasive phenotype upon non-invasive E. coli strains (Mitchell
and Minnick, 1995). IalA is a (di)nucleoside polyphosphate hydrolase that hydrolyzes diadenosine and
diguanosine (Cartwright el al., 1999; Conyers and
Bessman, 1999). It is thought to be involved in reducing
levels of stress-induced dinucleotides during invasion,
thus aiding bacterial survival (Cartwright et al., 1999;
Conyers and Bessman, 1999). Mutagenesis of ialB
decreased bacterial association and invasion of human
erythrocytes by 47 to 53%, while transcomplementation
of ialB restored erythrocyte association and invasion
rates to levels observed in the parental strain (Coleman
and Minnick, 2001). These data provide direct evidence
for the role of ialB as a virulence factor of B. bacilliformis.
Moreover, they also showed that ialB is a membrane
protein localized to the inner membrane of the
pathogen (Coleman and Minnick, 2001).
An extracellular protein factor, deformin, was found in
the supernatant of B. bacilliformis cultures (Mernaugh
and Ihler, 1992). Deformin reproduced the morphological changes seen in B. bacilliformis infected erythrocytes,
including the formation of pits, trenchs, and internal
vacuoles (Mernaugh and Ihler, 1992). Deformin is 67 KDa
but probably occurs as a dimer in its native state. In addition, deformin is sensitive to heat and protease treatment (Mernaugh and Ihler, 1992; Xu et al., 1995). Further
study has revealed that deformin is actually a small
water-soluble molecule, approximately 1.4 kDa in size
that is bound tightly to albumin, especially albumin
dimers and multimers present in the growth medium
(Weinman, 1944).
Several other B. bacilliformis factors, which may be
involved in the invasion of erythrocytes, were isolated
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FIGURE 1 Model of endothelial cell invasion by Bartonella bacilliformis. The 43 kDa antigen mediates the interaction between B. bacilliformis and endothelial cell via its arginine-glycine-aspartate (RGD) motif. This interaction may trigger the activation of Rho GTPases, which
leads to the cytoskeletal rearrangements necessary for bacterial internalization. This interaction may also stimulate angiogenic signaling,
which results in endothelial cell proliferation and tumor formation.

and studied. Minnick (1994) identified 14 B. bacilliformis
outer membrane proteins (from 11.2 to 275.3 kDa) that
may be involved in erythrocyte binding. A gene, which
codes a 27.4 kDa protein and conferred the invasive
phenotype on non-invasive E. coli, was isolated and
sequenced in 1996 (Raji et al., 1996). In 1997, 6 B. bacilliformis membrane proteins that mediate the interaction
with erythrocytes were identified, with sizes of 100, 92,
84, 46, and 12 kDa, respectively (Iwaki-Egawa and Ihler,
1997). Several other proteins were also identified,
including α and β spectrin (230 and 210 kDa, respectively), band 3 protein (100 kDa), glycophorin A (83 kDa),
and glycophorin B (44 kDa dimer and 25 kDa monomer)
(Iwaki-Egawa and Ihler, 1997; Buckles and McGinnis Hill,
2000).

ENDOTHELIAL CELL INVASION

dependent process similar to phagocytosis (Hill et al.,
1992). Rearrangement of the actin cytoskeletal network
is partly controlled by the intracellular signaling protein,
RhoA. Verma et al. (2000) studied the role of Rho in the
invasion of endothelial cells by B. bacilliformis. They
demonstrated that activation of Rho is required for
internalization of B. bacilliformis and that B. bacilliformis
activated intracellular Rho of the endothelial cells
infected (Verma et al., 2000). Moreover, using both in
vitro and in vivo systems it has been demonstrated that
B. bacilliformis produces factors that stimulate endothelial cells to proliferate, release tissue plasminogen activator (t-PA, t-PA release is an in vitro characteristic of an
angiogenic factors), and stimulate the formation of new
blood vessels (Garcia et al., 1990). It was shown that
these angiogenic factors are specific for endothelial cells,
heat sensitive, and different from all other known angiogenic factors (Garcia et al., 1990).

Endothelial cell invasion by B. bacilliformis is very
different from erythrocyte invasion. Studies of endothelial cell invasion by B. bacilliformis demonstrate that
endothelial cells actively participate in bacterial uptake.
In addition endothelial cells are induced by B. bacilliformis to undergo cytoskeletal reconfiguration to
enhance uptake (Hill et al., 1992). These data suggest
that a surface-associated factor is involved in the
endothelial cell invasion process and that internalization
of the bacterium by host cell involves a microfilament-

By screening the B. bacilliformis genomic library with the
serum of a patient in the Verruga peruana phase of
Carrion’s disease, an immunogenic 43 kDa B. bacilliformis
antigen was cloned, sequenced, and characterized
(Padmalayam et al., 2000). This 43 kDa antigen is a
lipoprotein. There is a homologue of this 43 kDa antigen
in B. henselae, a bacterium that is phylogenetically
closely related to B. bacilliformis (Padmalayam et al.,
2000; Ihler, 1996; Jerris and Regnery, 1996). Both
B. henselae and B. bacilliformis can invade endothelial
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cells and cause endothelial cell proliferation. However,
B. henselae does not have the capacity to invade erythrocytes (Iwaki-Egawa and Ihler, 1997). A signal peptide
cleavage site, a characteristic feature of lipoproteins that
are exported to the outer membrane, was revealed in
the 43 kDa B. bacilliformis antigen by amino acid
sequence examination (Padmalayam et al., 2000;
Yamaguchi et al., 1998). In addition, near the carboxylterminal end of the 43 kDa antigen is the tripeptide cell
adhesion motif, arginine-glycine-aspartate (RGD) (Padmalayam et al., 2000; Buckley et al., 1999; Stockbauer et
al., 1999). Therefore, this 43 kDa antigen may be critical
for B. bacilliformis mediated endothelial cell proliferation and endothelial cell invasion (Figure 1).
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CONCLUSION

Jerris, R.C. and Regnery, R.L. (1996) Will the real agent of cat-scratch disease
please stand up? Annu. Rev. Microbiol. 50:707-725.

In summary, proteins, like flagellin, ialAB, deformin, RhoA,
and the 43 kDa antigen have begun to shed light on the
molecular mechanisms by B. bacilliformis invasion. The
functions of these proteins are still not fully understood,
and many other factors involved in the invasion process
have yet to be found. Interestingly, the same signal transduction pathways used by B. bacilliformis during invasion
may also be involved in the tumorigenesis. Future studies
would not only illuminate potential treatments for the
chronic phase of Carrion’s disease, but also provide important clues about the molecular mechanisms of cancer.

Kreier, J.P. and Ristic, M. (1981) The biology of hemotrophic bacteria. Annu.
Rev. Microbiol. 35:325-338.

Gray, G.C., Johnson, A.A., Thornton, S.A., Smith, W.A., Knobloch, J., Kelley, P.W.,
Escudero, L.O., Huayda, M.A., and Wignall, F.S. (1990) An epidemic of Oroya
fever in the Peruvian Andes. Am. J. Trop. Med. Hyg. 42:215-221.
Hertig, M. (1942) Phlebotomus and Carrion’s disease. Am. J. Trop. Med. 22:1-76.
Hill, M., Raji, E.A., Valenzuela, M.S., Garcia, F., and Hoover, R.L. (1992)
Adhension to and invasion of cultured human cells by Bartonella bacilliformis.
Infect. Immun. 60:4051-4058.
Hutado, A., Musso, J.P., and Merino, C. (1938) Ann. Fac. Med. Lima. 28:154-168.
Ihler, G.M. (1996) Bartonella bacilliformis: dangerous pathogen slowly
emerging from deep background. FEMS. Microbiol. Lett. 144:1-11.
Iwaki-Egawa, S. and Ihler, G.M. (1997) Comparison of the abilities of proteins
from Bartonella bacilliformis and Bartonella henselae to deform red cell
membranes and to bind red cell ghost proteins. FEMS. Microbiol. Lett. 157:207217.

Mernaugh, G. and Ihler, G.M. (1992) Deformation factor: an extracellular
protein synthesized by Bartonella bacilliformis that deforms erythrocyte
membranes. Infect. Immun. 60:937-943.
Mitchell, S.J. and Minnick, M.F. (1995) Cloning and characterization of a putative C-terminal protease from Bartonella bacilliformis associated with the
ability to invade human erythrocytes. Infect. Immun. 63:1552-1562.
Padmalayam, I., Kelly, T., Baumstark, B., and Massung, R. (2000) Molecular
Cloning, Sequencing, Expression, and Characterization of an Immunogenic 43Kilodalton Lipoprotein of Bartonella bacilliformis that Has Homology to
NlpD/LppB. Infect. Immun. 68:4972-4979.
Raji, A., McGinnis Hill, E., Douyer, D. H., Hoover, R., and Valenzuela, M.S. (1996)
Characterization of an invasion gene determinant from Bartonella bacilliformis. Abster 96th Gen. Meet. Am. Soc. Microbiol. D-53:251.

REFERENCES
Buckles, E.L. and McGinnis Hill, E. (2000) Interaction of Bartonella bacilliformis
with human erythrocyte membrane proteins. Microb. Pathog. 29:165-174.
Buckley, C.D., Pilling, D., Heriquez, N.V., Parsonage, G., Threlfall, K.,
Scheel-Toellner, D., Simmons, D.L., Akbar, A.N., Lord, J.M., and Salmon, M.
(1999) RGD peptides induce apoptosis by direct caspase-3 activation. Nature
397:534-539.
Cartwright, J.L., Britton, P., Minnick, M.F., and Mclennan, A.G. (1999) The IalA
invasion gene of Bartonella bacilliformis encodes a (di)nuleoside polyphosphate hydrolase of the MutT motif family and has homologs in other invasive
bacteria. Biochem. Biophys. Res. Commun. 256:474-479.
Coleman, S.A. and Minnick, M.F. (2001) Establishing a direct role for the
Bartonella bacilliformis invasin-associated locusB (ialB) protein in human
erythrocyte parasitism. Infect. Immun. 69:4373-4381.
Conyers, G.B. and Bessman, M.J. (1999) The gene, ialA, associated with the
invasion of human erythrocytes by Bartonella bacilliformis, designates a nudix
hydrolase active on dinucleoside 5’-polyphosphates. J. Biol. Chem. 274:12031206.
Garcia-Caceres, U. and Garcia, F.U. (1991) Bartonellosis: an immunodepressive
disease and the life of Daniel Alcides Carrion. Am. J. Clin. Pathol. 95:S58-S66.
Garcia, F.U., Wojta, J., Broadly, K.N., Davidson, J.M., and Hoover, R.L. (1990)
Bartonella bacilliformis stimulates endothelial cells in vitro and is angiogenic in
vivo. Am. J. Pathol. 136:1125-1135.

58

EINSTEIN QUARTERLY, Copyright © 2002

Reynafarje, C. and Ramos, J. (1961) The hemolytic anemia of human bartonellosis. Blood 17:562-578.
Scherer, D.C., DeBuron-Connors, I., and Minnick, M.F. (1993) Characterization of
Bartonella bacilliformis flagella and effect of antiflagellin anbibodies on invasion of human erythrocytes. Infect. Immun. 61:4962-4971.
Stockbauer, K.E., Magoun, L., Liu, M., Burns, E.H., Gubba, S., Renish, S., Pan, X.,
Bodary, S.C., Baker, E., Coburn, J., Leong, J.M., and Musser, J.M. (1999) A natural
variant of the cystein protease virulence factor of group A streptococcus with
an arginine-glycine-aspartic acid (RGD) motif preferentially binds human integrins αvβ3 and αIIbβ3. Proc. Natl. Acad. Sci. 96:242-247.
Verma, A., Davis, G.E., and Ihler, G.M. (2000) Infection of human endothelial
cells with Bartonella bacilliformis is dependent on rho and results in activation
of Rho. Infect. Immun. 68:5960-5969.
Walker, T.S. and Winkler, H.H. (1981) Bartonella bacilliformis: colonial types and
erythrocyte adherence. Infect. Immun. 31:480-486.
Weinman, D. (1944) Infectious anemias due to Bartonella and related red cell
parasites. Trans. Am. Philos. Soc. 33:243-287.
Xu, Y.H., Lu, Z.Y., and Ihler, G.M. (1995) Purification of deformin, an extracellular protein synthesized by Bartonella bacilliformis which causes deformation
of erythrocyte membranes. Biochem. Biophys. Acto. 1234:173-183.
Yamaguchi, K., Yu, F., and Inouye, M. (1998) A single amino acid determinant of
the membrane localization of lipoproteins in E. coli. Cell 53:423-432.

