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This abstract will review two deadly infections that are rare, avian influenza A and
extremely resistant tuberculosis. However, given that these infections proliferate in
the airways of patients who often require endotracheal intubation, these infections
are of grave risk to anesthesiologists and other health care personnel exposed to
airway secretions. The other two infections discussed, MRSA and C. difficile are
much more common and most health care workers will be exposed to these
bacteria. These bacteria are found on patients as well as on the belongings of
patients and on furniture and in the environment near infected patients. All these
infections can cause harm to health care providers; awareness of the details of
these infections suggest that protective eyewear, N95 masks that are fitted,
protective clothing, and gloves are important adjuncts to be utilized in daily
routines for the safety of health care providers.
(Anesth Analg 2008;106:●●●–●●●)

RARE BUT DEADLY INFECTIONS IN THE AIRWAYS
OF PATIENTS
Avian Influenza A [H5N1] Virus

The avian influenza A viruses are found in poultry
in Asia, Africa, and perhaps in the Middle East.1 The
avian influenza virus that infects humans comes from
birds, both from poultry and from wild birds. Migra-
tory birds may spread H5N1 viruses to new geo-
graphic locations, but their importance as a reservoir
of these viruses is not clear.1 Despite widespread
exposures to infected poultry, human disease due to
H5N1 influenza A virus is rare.1 As of December 14,
2007, there have been 340 reported cases.1 The data
regarding these cases shows that the patient’s median
age is 18 years and that 90% of these patients are
under 40 years of age.2 The fatality rate is 61% with the
most frequent deaths in patients 10–19 years of age.2

The cases seem to occur in cooler months, associ-
ated with outbreaks in poultry.3 Limited data has
shown that asymptomatic or mild human influenza A
infections are rare but do occur.4

Infection occurs after transmission of the virus from
avian-to-humans; handling of sick or dead poultry dur-
ing the week before the onset of the illness is the most
commonly recognized risk factor.5 Other risk factors
include: slaughtering, defeathering, preparing sick poul-
try for cooking, playing with or holding diseased or
dead poultry, handling fighting cocks or ducks, and
consuming raw or undercooked poultry or poultry
products.5–8 It is believed that most of the patients were
exposed to the poultry. In some limited, nonsustained
cases there may have been human-to-human trans-
mission where there was close and unprotected
contact with a severely ill patient.9,10 Respiratory
secretions and all body fluids, including feces, are
potentially infectious.1 It is thought that some of the
cases were due to inhalation of aerosolized infectious

excreta.1 After exposure to infected poultry, the incu-
bation period is approximately 7 days.1

The pathologic process that appears to cause death
is fulminant viral pneumonia.1 The virus replicates in
type 2 alveolar cells and in macrophages.11,12 Ulti-
mately, however, high titers of virus are detectable in
the throat and in tracheal aspirates from humans
infected with the H5N1 virus.13 Ability of the virus to
replicate may influence outcome; larger loads of virus
were found in the throats of patients who died when
compared to the loads in patients who lived.13 Dis-
seminated infection can clearly occur; virus has been
detected in blood, cerebrospinal fluid, and in various
viscera of patients who have died.13

Symptoms and signs include fever, cough, respiratory
distress, and at times vomiting, diarrhea, leucopenia,
lymphopenia, thrombocytopenia, and increased amino-
transferase levels.1 The infection can be detected by
real-time reverse-transcriptase polymerase chain reac-
tion.14 Multiple samples should be obtained from the
nose or throat; tracheal aspirates have higher viral
titers and yields than specimens from the upper
respiratory tract.13

Treatment
Early treatment with oseltamivir is recommended.15

A higher dose of oseltamivir (i.e., 150 mg b.i.d. in
adults) for 10 days has been recommended when
disease progresses despite early treatment.1

Extensively Drug Resistant-Tuberculosis: XDR-TB
There are approximately 9 million new cases of TB

in the world annually with 1.6 million deaths; over
80% of the cases occur in Asia or Africa.16 Nine
countries in sub-Saharan Africa have annual inci-
dences in excess of 600 cases per 100,000, a burden of
disease not seen since therapy has been available.17

This increase is largely due to the AIDS epidemic in
this region and the weak health care delivery systems.
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Resistance to at least two major anti-tuberculosis
drugs, isoniazid and rifampicin, has been called
multidrug-resistant tuberculosis, MDR-TB. Approxi-
mately 425,000 MDR-TB cases occur annually world-
wide, representing nearly 5% of the world’s annual TB
burden.18 Treatment of MDR-TB requires a more
prolonged therapy, a course of 24 months, and more
expensive chemotherapy (of up to 300-fold higher
costs) than non-MDR-TB and often leads to increased
toxicity. When tuberculosis becomes resistant to the
second-line therapy it is known as extensively drug
resistant-tuberculosis or XDR-TB. Countries in Eastern
Europe, the former Soviet Union, regions of China as
well as sub-Saharan Africa have an increased burden
MDR-TB and now XDR-TB. MDR-TB and XDR-TB are
associated with very high mortalities, due to the
vulnerable patient population and the problems in
finding therapies that do not interact with anti-
retroviral agents.19–21

For persons infected with M. tuberculosis, HIV in-
fection is the strongest risk factor for the development
of active TB.18 TB is the leading cause of death among
HIV-infected persons and may accelerate the course of
HIV infection, increasing the viral load in some pa-
tients.18,22–24 In a 1996 study from New York City, 72%
of HIV-infected patients with MDR-TB died during
treatment, compared with 20% of MDR-TB patients
without HIV; median survival was 14 months.25 Sur-
gery improves treatment outcomes in selected patients
with MDR-TB and warrants further evaluation for
XDR-TB.18,26

China has the greatest estimated burden of MDR-TB
worldwide (�140,000 cases annually) and India has the
world’s highest burden of TB overall, with about 90,000
cases of MDR-TB annually.18 Mexico has 2500 cases of
MDR-TB annually. In contrast, the United States has
about 121 cases of MDR-TB annually but had 15 cases of
XDR-TB.18

TB transmission to health care providers has in-
creasingly occurred. In Zambia, there were 8 nurses
that developed TB in the 1980s and all were success-
fully treated. Between 1990–1996, 114 nurses died of
TB at the same hospital.18

MORE COMMON AND LESS DEADLY INFECTIONS:
MRSA AND C. DIFFICILE
MRSA

Hospital-acquired MRSA infections have been associ-
ated with poor patient outcomes; recently, community-
acquired MRSA infections in the United Kingdom and
United States are being reported to be associated with
poor patient outcomes, including death.27 Patients with
community-acquired MRSA were more likely to be male
and to have comorbidities than similar patients without
MRSA. Furthermore, the patients with MRSA had an
increased likelihood of dying within 1 year of the diag-
nosis.27 The community acquired MRSA, CA-MRSA
strains, have been associated with skin and soft tissue

infections, bacteremia, endocarditis, pneumonia and
empyema, osteomyelitis, and pyelonephritis.28,29 Evalu-
ating consecutive patients undergoing operative de-
bridement for complicated skin and soft tissue infections
from 2000–2006 in a Houston VA hospital, it was found
that there were 288 patients with skin and soft tissue
infections. About 70% of the infections were culture
positive for S. aureus and 49% were MRSA in 2006; in
contrast, in 2000 only 34% of the cultures were positive
for MRSA.30 This data suggests there has been a signifi-
cant increase in CA-MRSA and suggests that precau-
tions should be taken when touching patients’ skin or
fomites that have been on patients.

Not only is the incidence of MRSA increasing in
communities, but there is concern that the exposure of
MRSA to chlorhexidine is increasing resistance of S.
aureus to chlorhexidine. Chlorhexidine is now routinely
used as a cleansing agent on the skin of patients as well
as an oral antiseptic to prevent ventilator associated
pneumonia and other hospital-acquired infections.31–34

One hundred and twenty clinical MRSA strains
were collected from the clinical microbiology labora-
tories in Edinburgh and were evaluated for the pres-
ence of chlorhexidine resistance genes using PCR. The
isolates were also exposed to chlorhexidine for 5
minutes, and survival of the exposed bacteria was
determined. There are at least 12 “biocide resistance
genes” including qacA-qacJ, smr, and norA. These
genes appear to confer resistance not only to cationic
antiseptics but also to biguanides.35 The smr gene
encodes a protein that functions as a drug pump; the
gene is often on plasmids that are �3 kb. qacA and B
genes are on large plasmids, �20 kb, and mediate an
energy-dependent export system. The blaZ � lacta-
mase gene resides on a common plasmid with the
qacA/B genes.35

All of the 120 MRSA isolates were mecA-positive.
qacA/B was detected in 10 isolates (8.3%), nor A was
detected in 44 [37%], smr in 53 isolates [44%] and blaZ
in 117 [97.5%]. Only 5 isolates had both qacA/B and
smr. All the isolates that had the qacA/B gene also
contained the � lactamase transposon, blaZ, but not all
the isolates with the blaZ gene contained qacA/B. This
suggests that not all antibiotic resistant strains are
resistant to biocides, but that strains resistant to bio-
cides tend also to be resistant to antibiotics genes.35

C. difficile
Clostridium difficile lives as an anerobic spore, and

the spores can survive on inanimate surfaces for
months. Recently a study documented that C. difficile
spores are in the air of hospital wards; indeed it
appears that air vents and other surfaces are probably
contaminated with C. difficile spores.36 Reports have
shown that the bathrooms and toilets are among the
most contaminated areas in the hospital but notably
this recent study documented that the C. difficile
spores were found in the air in a ward where there
had not been a patient with C. difficile associated
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diarrhea (CDAD) for 7 weeks.36 C. difficile spores do
survive for less time on copper alloy surfaces suggest-
ing that specific surfaces can discourage the survival of
this pathogen possibly by forming hydroperoxides.37 Also,
it appears that many asymptomatic patients have C.
difficile in their stool. A recent investigation docu-
mented that 51% of patients were asymptomatic car-
riers of C. difficile, and that these patients also had
these organisms on their skin. Samples taken from the
environment near these patients also documented
environmental contamination. Previous antibiotic us-
age was strongly associated with asymptomatic C. diffi-
cile carriage.38 All this data suggests that health care
workers should assume all patients potentially carry C.
difficile and that even touching objects inpatient’s rooms
can lead to contamination by C. difficile. Hand washing is
required to get rid of C. difficile; alcohol washes do not
eliminate the spores.
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