
Moraxella catarrhalis – Pathogen
or Commensal?

Christoph Aebi

Abstract Moraxella catarrhalis is an exclusively human commensal and mucosal
pathogen. Its role as a disease-causing organism has long been questioned. Today,
it is recognized as one of the major causes of acute otitis media in children, and its
relative frequency of isolation from both the nasopharynx and the middle ear cavity
has increased since the introduction of the heptavalent pneumococcal conjugate vac-
cine, which is associated with a shift in the composition of the nasopharyngeal flora
in infants and young children. Although otitis media caused by M. catarrhalis is
generally believed to be mild in comparison with pneumococcal disease, numer-
ous putative virulence factors have now been identified and it has been shown
that several surface components of M. catarrhalis induce mucosal inflammation.
In adults with chronic obstructive pulmonary disease (COPD), M. catarrhalis
is now a well-established trigger of approximately 10% of acute inflammatory
exacerbations.

Although the so-called cold shock response is a well-described bacterial stress
response in species such as Escherichia coli, Bacillus subtilis or – more recently –
Staphylococcus aureus, M. catarrhalis is the only typical nasopharyngeal pathogen
in which this response has been investigated. Indeed, a 3-h 26◦C cold shock, which
may occur physiologically, when humans inspire cold air for prolonged periods
of time, increases epithelial cell adherence and enhances proinflammatory host
responses and may thus contribute to the symptoms referred to as common cold,
which typically are attributed to viral infections.
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1 Introduction

Moraxella catarrhalis is exclusively a human pathogen and commensal of the upper
respiratory tract. All attempts to establish long-term respiratory tract colonization
in non-human primates or other vertebrates have failed. Moraxella catarrhalis
is a gram-negative, aerobic, variably piliated, nonmotile, strongly autoagglutinat-
ing and non-encapsulated diplococcus, which microscopically resembles Neisseria
meningitidis and Neisseria gonorrhoeae but is more closely related genetically to
Acinetobacter spp. and the Pseudomonadales [1]. All other members of the genus
Moraxella are gram-negative rods. The molecular basis of the exquisite tropism
of M. catarrhalis for humans has not entirely been elucidated. Some data indi-
cate that the organisms’ iron-uptake apparatus requires a specific ligand–receptor
interaction between human iron transport proteins (e.g., lactoferrin and transfer-
rin) and specific binding proteins on the bacterial surface (e.g., lactoferrin-binding
protein B) [2].

Formerly known as Micrococcus catarrhalis (first described in 1896), and
renamed Neisseria catarrhalis (1963) and Branhamella catarrhalis (1970),
M. catarrhalis was moved to the Genus Moraxella in 1984 (Class 1 γ-
proteobacteria, order Pseudomonadales, family Moraxellaceae, Genus Moraxella)
and had long been considered a non-pathogenic commensal of the nasopharynx. Its
role as disease-causing organism has only recently been recognized and its patho-
physiological mechanisms are still poorly understood. Nonetheless, several lines of
evidence now indicate that M. catarrhalis causes mucosal infections in immuno-
competent children (mainly otitis media) [3] and adults (acute exacerbations of
chronic obstructive pulmonary disease) [4]. Invasive disease (e.g., bacteraemia,
endocarditis, meningitis, arthritis) is extremely rare and almost exclusively occurs
in immunocompromised individuals [5].

2 Phylogenetic Evidence for Virulence

The species M. catarrhalis consists of two major phylogenetic lineages. This was
first emphasized by Bootsma et al. [6] and was recently described in detail by Wirth
et al. [7]. Differentiation can easily be made by DNA sequence analysis of the 16S
rDNA gene [6]. The phylogenetically older subpopulation (type 2) is believed to
have existed long before the emergence of Homo sapiens, while the phylogenetically
younger subpopulation is believed to have emerged approximately 4 million years
ago, together with H. sapiens. Interestingly, the latter subpopulation is associated
with the expression of phenotypic traits characteristically associated with bacterial
virulence. These include resistance to human complement and adherence to human
epithelial cells. This subpopulation is also naturally transformation competent [8]
leading to frequent homologous recombination and thus reduced genetic diversity
as a result of clonal selection (Table 1) [7]. Thus, it appears that type 1 strains
are closely adapted to the human host. Convincing clinical evidence supporting the
notion that type 1 strains are more commonly associated with disease as opposed to
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Table 1 Characteristics of the two major phylogenetic subpopulations of M. catarrhalis

Subpopulation

Complement sensitive
(16S rDNA type 2)

Complement resistant
(16S rDNA type 1)

Age ~50 million years ~4 million years
Genetic diversity Extensive Low
Homologous recombination Rare Frequent
Virulence factor expression Rare Frequent

asymptomatic colonization is currently lacking, but there is circumstantial evidence
described below.

3 Expression of Virulence Factors

3.1 Complement Resistance

Type 1 strains are typically complement resistant in vitro. Exposure to human com-
plement does not affect the growth of these strains, while complement-sensitive
strains (mainly type 2) are killed by human complement within 60–120 min of expo-
sure. Complement resistance is believed to be mediated mainly by expression of
the UspA2 outer membrane protein (OMP), although other OMPs (e.g., CopB [9])
are also essential for this phenotype. UspA2 is a trimeric autotransporter protein,
expressed abundantly which binds the complement modulator serum protein vit-
ronectin and which inhibits assembly of the C5–C9 membrane attack complex [10].
It has also been demonstrated that M. catarrhalis OM vesicles are capable of pro-
tecting complement-sensitive Haemophilus influenzae against the bactericidal effect
of complement, mainly by binding/inactivation of vitronectin, C4bp, C3 and factor
H [11]. Complement resistance is believed to be a virulence factor because several
clinical studies have indicated that this phenotype is associated more commonly
with disease-causing isolates than with colonizing isolates [12, 13].

3.2 Adherence to Human Epithelial Cells

Bacterial virulence of mucosal pathogens is generally believed to depend on
the organisms’ capacity to bind to the epithelial layer of the host’s mucosal
surface. Complement-resistant type 1 strains generally express UspA1, a major
M. catarrhalis adhesin, which is closely related to UspA2 [14] and which binds
human epithelial cells via cell-bound fibronectin or the CEACAM-1 [15, 16] adhe-
sion molecule displayed on various respiratory epithelial cell types. Interestingly,
specific domains of UspA1 function as binding sites for fibronectin or CEACAM-
1 [15, 16]. Type 2 strains typically do not express UspA1 on their surface [17],
although they carry the uspA1 gene on their chromosome. Thus, type 1 strains
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Table 2 Currently known adhesins of M. catarrhalis and their respective cellular ligands

Ligand Cell line Host cell receptor References

UspA1 HEp-2 Not determined [19]
UspA1 Chang Fibronectin/α5β1 [20]
UspA2H Chang Not determined [21]
UspA1 A549 CEACAM1 [22]
Hag/MID A549 Not determined [23]
Hag/MID Human middle ear cells Not determined [23]
McaP A549 Not determined [24]
McaP Chang Not determined [24]
OMP CD A549 Not determined [25]
LOS Chang Not determined [26]
LOS HeLa Not determined [26]

express adhesins, which enable their close interaction with the respiratory tract
epithelial surface. In addition, UspA1 has also been shown to be essential for the
internalization of M. catarrhalis cells into nonprofessional phagocytes [18].

Moraxella catarrhalis is known to display various adhesins specific for receptors
expressed by different respiratory tract cell lines (Table 2). This redundancy may
allow the organism to colonize the middle ear, the oro- and nasopharynx, as well as
the bronchial surface and alveolar space of the human respiratory tract.

3.3 Colonization and Immune Response

Up to 80% of children have been colonized at least once with M. catarrhalis by
the time they reach the age of 2 years [27]. Thereafter colonization frequency drops
continuously to <10% in older children and healthy adults. It increases again in
the elderly [28]. Colonization is not prevented by the appearance of mucosal (sali-
vary) IgA directed against the major surface immunogens [25, 29]. However, there
is a strong correlation between the disappearance of mucosal M. catarrhalis and
the appearance of bactericidal serum anti-M. catarrhalis IgG1 and IgG3, which are
mainly directed against the UspA OMP [30–32]. These data indicate that systemic
humoral immunity recognizes immunodominant M. catarrhalis surface antigens
and eliminates surface carriage by the development of bactericidal IgG antibodies
and, presumably, complement-mediated killing.

However more recent evidence indicates that M. catarrhalis may evade humoral
immunity by (i) intracellular location in epithelial cells (Fig. 1) [18, 33] and by
submucosal location in pharyngeal lymphoid tissue (Fig. 2) [34]. The clinical rel-
evance of these observations has not been elucidated, but it appears possible that
M. catarrhalis, similarly to H. influenzae, Staphylococcus aureus and Streptococcus
pyogenes, may be capable of entering an intracellular niche which protects the
organism against the host’s immune system. Preliminary data suggest that neither
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Fig. 1 Transmission electron
micrograph of a Detroit 562
pharyngeal cell harbouring
two M. catarrhalis cells 3 h
after infection of a cellular
monolayer with
M. catarrhalis strain O35E
and subsequent killing of all
extracellular bacteria using
200 μg/ml of gentamicin

Fig. 2
Immunohistochemistry of a
human tonsil showing
subepithelial aggregates of
M. catarrhalis. Squamous
cell epithelium is stained with
rabbit anti-human cytokeratin
and goat anti-rabbit Cy3.
Moraxella catarrhalis is
stained with the monoclonal
mouse monoclonal antibody
24B5 (a gift from Dr. E
Hansen, Dallas, TX) and goat
anti-mouse Alexa 488 and
appears light

phase variation nor antigenic variation plays a substantial role in this phenomenon
(author’s unpublished data).

3.4 Biofilm Formation

A virulence mechanism employed by many bacterial species is the expression
of biofilms, which protect individual bacteria from the detrimental effects of
host immune mechanisms and antimicrobial substances. Biofilm formation in
M. catarrhalis has not been investigated in detail, but some data clearly indicate
that some clinical isolates produce biofilms in vitro [35, 36] and also in vivo on the
middle ear mucosal surface [37].



112 C. Aebi

3.5 Cellular Invasion

As stated above, recent evidence indicates that M. catarrhalis is capable of invad-
ing human respiratory tract cells in vitro and that this capacity is dependent on the
expression of UspA1 and lipooligosaccharide [18, 33]. However, studies investigat-
ing long-term persistence have not been conducted to date. Thus, it remains unclear
whether invasion is a means of evading the immune system as well as the effects of
extracellular antimicrobial agents. Further studies will be needed to address these
issues in detail.

3.6 Proinflammatory Activity of Moraxella catarrhalis

By contrast, it is now well established that both M. catarrhalis whole cells and outer
membrane preparations induce strong proinflammatory stimulation in epithelial
cells (interleukin-8) [38] and peripheral blood mononuclear cells (IL-1β, IL-6, TNF-
α) [39]. These observations suggest that the presence of M. catarrhalis may cause
inflammation and, consequently, clinical symptoms of respiratory tract disease in
otherwise sterile locations.

4 Cold Shock Response of Moraxella catarrhalis

When humans inspire cold air (e.g., –1◦C) for prolonged periods of time, their
nasopharyngeal temperature drops to approximately 26◦C within several minutes
of the beginning of the exposure [40]. In an in vitro model, this “cold shock” affects
the resident M. catarrhalis flora in several ways. Abundance of mRNA transcripts
of the UspA1 adhesin increases with reduced temperature and reaches a maxi-
mum at 26◦C [34], an effect possibly explained by a prolonged mRNA half-life at
decreased temperature [41]. Consequently, more UspA1 adhesin is expressed on the
bacterial surface at 26◦C and adherence to epithelial cells such as Chang conjunc-
tival cells [34], Detroit 562 pharyngeal cells and HEp2 laryngeal cells is enhanced
(Fig. 3) [41]. Enhanced adherence translates into increased mucosal surface den-
sity, a phenomenon shown to be associated with an increased likelihood of acute
otitis media in children [42]. On a molecular level, increased surface expression of

�
Fig. 3 Cold shock increases the outer membrane protein (OMP)-mediated release of proinflam-
matory cytokine IL-8 in Detroit 562 epithelial cells, which were incubated for 16 h with increasing
doses of heat-inactivated strain O35E (a) and the strains 300,415, 420 (b) exposed to 26◦C or to
37◦C or stimulated with outer membrane vesicles isolated from M. catarrhalis exposed to 26◦C or
37◦C (c). IL-8 secretion in the supernatants was measured by ELISA. In each case, results from
one representative experiment of either two or three replicates are shown. Results are expressed
as mean ± 1 SD of duplicate wells. ∗, P<0.05 (two-way analysis of variance) at 26◦C vs. 37◦C.
MOI stands for multiplicity of infections and indicates the ratio between bacteria inoculated and
epithelial cells in a given well. © by University of Chicago press
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Fig. 3 (Continued)

UspA1 results in enhanced binding of fibronectin, which mediates binding to epithe-
lial cells via α5β1 integrin [41]. The UspA1 cold shock phenomenon occurs in both
phylogenetic lineages and is accompanied by increased expression of typical “cold
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shock proteins” such as recA [34]. Genomic analyses of the cold shock response
of M. catarrhalis have not been conducted to date. Unpublished data indicate that
a limited number of OMPs are upregulated at 26◦C and that others, e.g., haemag-
glutinin (which is an adhesin for A549 lung cells) or the m35 [43] outer membrane
porin, are upregulated at 37◦C.

Also of potential clinical relevance is the finding that M. catarrhalis under-
going a 3-h cold shock at 26◦C induces a markedly enhanced proinflammatory
immune response in comparison with bacteria held at 37◦C. Both whole bacteria
and outer membrane preparations induced a significantly enhanced release of IL-8
from Detroit 562 pharyngeal cells in one study (Fig. 3) [41].

5 Summary

The data summarized here emphasize that M. catarrhalis is a commensal and
pathogen which is well adapted to the human respiratory tract niche, that it usu-
ally behaves as non-pathogenic commensal, but under certain circumstances it can
become pathogenic. Such opportunities may include viral co-infections, augmented
mucosal density of the organism (which might theoretically occur, for example, as
a result of colonisation replacement phenomena secondary to pneumococcal vac-
cination) or – as specifically discussed in this article – exposure of the pharynx
to cold air. More research is needed to understand the modes of transition from
commensal to pathogen better. However, overall, the behaviour of M. catarrhalis
resembles in many ways that of non-typable H. influenzae, with which it shares the
nasopharyngeal habitat.
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