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Paul Marik Aliens, anaerobes, and the lung!

The period from 1965 to 1980 has been referred to as the
“anaerobic renaissance” [1]. This was facilitated by the
development of a good taxonomic order for anaerobes,
the development of the GasPak jar that made it possible
for laboratories to cultivate oxygen-sensitive forms, and
several clinical studies demonstrating a high yield of an-
aerobes [1]. However, the anaerobic renaissance is now
over. Thirty years ago anaerobes accounted for 20–30%
of isolates from blood cultures [2]. Currently less than
3% of blood cultures yield an anaerobe, with only about
0.4% representing true anaerobic bacteremia [3, 4].
While anaerobes remain important pathogens in polymi-
crobial abdominal sepsis [5, 6], their pathogenetic role
outside the abdomen appears less clear.

Anaerobic bacteria have low intrinsic virulence.
While the cell wall of some anaerobes such as Fusobac-
terium and Bacteroides contain lipopolysaccharide, they
lack the lipid A component of conventional endotoxin
and therefore do not cause the sepsis syndrome associat-
ed with Gram-negative bacteria [7]. Putative virulence
factors include the bacterial capsule, toxin formation,
and production of enzymes such as superoxide dismu-
tase, collegenase, and proteases. However, the pathoge-
nicity of anaerobes is largely explained by bacterial syn-
ergy [8]. While individually these organisms are of low
virulence, synergy between facultative organisms and

anaerobic bacteria are required to cause infection and ab-
scess formation. This was elegantly demonstrated by a
set of experiments performed by David Smith [9] in
1926. This investigator cultured pieces of membrane
from patients with Vincent’s angina. Each of the organ-
isms isolated in pure culture was then injected separately
into the groin and lungs of mice and guinea pigs. None
of the organisms alone produced disease; a mixture of at
least four bacteria was required to produce an abscess.
This study performed almost 80 years ago is supported
by more recent clinical studies. Single anaerobic organ-
isms have rarely been reported to cause clinical infec-
tion; most studies report multiple anaerobic species to-
gether with aerobic or facultative organisms [5, 6, 10, 11,
12]. Each component of a mixed infection with aerobes
and anaerobes may help perpetuate the infection. The
lowering of the oxidative-reduction potential of the mi-
croenvironment by facultative organisms creates more
favorable conditions for the growth of anaerobes, where-
as anaerobes themselves promote the survival of faculta-
tive organisms through their antiphagocytic properties.

Anaerobes may play an important role in a limited
number of extra-abdominal infections, including necro-
tizing soft tissue infections, empyema, lung abscess, and
brain abscess [10, 11, 12, 13]. However, these are now
uncommon infections in Westernized nations. Further-
more, while previous studies indicated anaerobes to be
the predominant pathogen in patients with chronic sinu-
sitis and chronic otitis media, recent data suggest that
these organisms are present in fewer than 10% of infec-
tions [14].

What about the role of anaerobic bacteria in patients
with pneumonia? On the basis that most forms of pneu-
monia are caused by the aspiration of oropharyngeal ma-
terial, and that anaerobes are found in high concentration
in the gingival crypts it has been assumed that anaerobes
play an important pathogenetic role in patients with com-
munity-acquired, nosocomial, and ventilator-associated
pneumonia. Indeed, many physicians treat patients with



these conditions using antibiotics that have anaerobic ac-
tivity. However, the data supporting this practice are
lacking. Some argue that the failure to grow anaerobes is
because of inadequate culture techniques or the use of
antibiotics which kill these highly sensitive organisms,
stating, “I know they are there, I just can’t prove it.”
However, this argument carries as much scientific weight
as the belief in alien visitations to earth. Many believe in
alien abductions and visitations but cannot provide any
credible evidence to support their contention.

The current compulsion to treat pneumonia with an-
aerobic antibiotics can be traced to four clinical studies
performed in the early 1970s which investigated the role
of anaerobic bacteria in patients with “aspiration pneu-
monia” [15, 16, 17, 18]. All four studies demonstrated
anaerobes in more than 90% of patients. Based on these
four studies millions of patients have been treated with
antibiotics having anaerobic activity. It should be pointed
out, however, that the patients included in these studies
are not representative of those seen today in Western
countries; many of these patients had been symptomatic
for up to 140 days, were coughing voluminous amounts
of purulent material, and were diagnosed with lung ab-
scesses. In addition, these studies are plagued by a major
methodological flaw, namely that the samples for micro-
bial culture were obtained by transtracheal aspiration.
Only one study, to my knowledge, has been published
that investigated the accuracy of transtracheal aspiration
in the diagnosis of pneumonia [19]. Moser and colleagues
[19] demonstrated contamination with upper respiratory
flora in 30% of dogs undergoing transtracheal aspiration.
Furthermore, transtracheal aspirates had a very low diag-
nostic sensitivity and specificity in animals with pneumo-
nia. More recent studies which have sought to determine
the microbiological cause of community-acquired, noso-
comial, and ventilator-associated pneumonia have found
anaerobes to constitute fewer than 2% of isolates [20, 21,
22, 23]. Furthermore, most of these anaerobes were
mono-microbial isolates, suggesting that these organisms
represent oropharyngeal contamination with anaerobes
rather than true infection. Indeed, pure anaerobic commu-

nity-acquired pneumonia is so uncommon that such a 
diagnosis is worthy of publication as a case report [24].
The only recent study which has implicated anaerobes as
important pathogens in ventilator-associated pneumonia
is that by Dore and colleagues [25]. These authors isolat-
ed anaerobic bacteria in 23% of patients with a first epi-
sode of ventilator associated pneumonia.

In Intensive Care Medicine Robert and colleagues
[26] present an additional study in which they investigat-
ed colonization of the lower respiratory tract with anaer-
obic bacteria in mechanically ventilated patients. Using
protected lower respiratory tract sampling these authors
identified 28 anaerobic organisms in 22 of 26 mechani-
cally ventilated patients. Five patients subsequently de-
veloped ventilator-associated pneumonia, with isolation
of anaerobic bacteria in two cases. Five anaerobes and
one aerobe (Streptococcus viridans) were isolated from
these two patients. Considering that S. viridans is usually
not considered a pulmonary pathogen but rather a con-
taminant and the requirement for multiple anaerobic and
facultative aerobes to cause infection, it is not clear from
the data presented that the anaerobes isolated represent
real pulmonary pathogens.

Determining the pathogenetic role (if any) of anaer-
obes in pneumonia is not merely an interesting academic
exercise. Antibiotics with anaerobic activity have a pro-
found effect on the endogenous bacterial flora which play
an important role in colonization resistance. The use of
antimicrobial agents with anaerobic activity is associated
with colonization and infection with vancomycin-resis-
tant enterococci and Clostridium difficile [27, 28]. These
are both potentially fatal infections in hospitalized pa-
tients. I submit that significantly more patients have died
as consequence of these infections following the use of
antianaerobic agents to treat pneumonia than would have
died from untreated anaerobic lung infections. The use of
these drugs must be restricted. Indeed, hospital-wide poli-
cies that restrict the use of clindamycin have been dem-
onstrated to reduce the incidence of C. difficile associated
diarrhea and vancomycin-resistant enterococci coloniza-
tion [29, 30].
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